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10 INTRODUCTIONDO

InCtheXCentralU.S.,Calargeportion[bf(the wvarmO
season[precipitationfallsCOfromCorganized,Omesoscalel]
regions(ofldeepldonvection.[WVhenWwarm[Seasonainfall]
observationsCareviewedOndime-longitudespacelbverd
the[U.S.,0onelseesOcoherent,CJeastwardOpropagating ]
precipitationCentitiesCthatCspantheCentire[kasternCiwo
thirds[of(thecontinentCanddastdongerthan24h.IThel
precipitation(sCbftenCassociated[WithCdeep[tonvection
that[tegularlyQnitiatesCinthe[earlyCeveningChoursChear
1050W [And(iracks[@éastwardfowardfheMississippiRiver
ValleyOduringCtheChocturnalChours.[TThedongevity [of[]
thesel precipitationO episodes exceedsO that( of 0 an
individuall¢onvective[$ystem[and[isloften(attributablefo]
alSuccessionloflhesoscaleléonvective8ystems[(MCSs).O
Understandingd theO lifecycle of 0 these precipitation
episodeslimayleadiolbetter(6-24h{orecastsloflivarm
season] precipitation,J especiallyl] downstream from[
ongoinglévents.Inhis[$tudy,Divefake@[¢loserdook[At(]
the[ large-scale environmentO of 0 these[ precipitation
episodesforfall7-dayperiodfinOate[July11998.[TWith[(
composites[offRapid[Wpdate[Cycle-2[{RUC-2)[@Analyses
atOdifferentd phasesO ofd theO diurnalOcycle, DweOwilld
characterize thel large-scaled environment( of(] thell
precipitation[épisodes.[]

20 PRECIPITATIONDO

InOate[July[1998,theltentralU.S.wasChostio&ll
successiond ofd MCSsOthat[ propagatedd around the[d
peripheryOofOaldmidtroposphericOridgelcenteredCoverd
Texas.[For[$everalldays,precipitation(astelegatedoO
aOnarrowOcorridordnorthdofdanOeast-westO orientedd . :
stationary(front,WwithQlery(ittle Nariationih[diurnalfiming.D AN O
CompositesCbfChourlyCprecipitationCtevealCalCpersistentd
patternofl@¢onvectivelihitiationheariheleeloffheRocky
Mountainslinthelevening,Fapidfeastwardpropagation]
overnight,dJand0subsequentOdissipationOinOtheOlowerd
MississippiRiverValley[(Fig.[1).0
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Fig.0.O0 Averagelll-hCAccumulatedCrainfallCcompositestd
centered[®on[21,[B,[9,[and[5UTCHorthedimeperiodd

between22July, 20lUTC@ANdR29July, A8WTC.IRainfalld]

NCAR, Boulder,[CO,[B0307-3000, @hijevyc@ucar.edul datanromDGCIP/EOPDNCEP/(.:PCD4_kaDmuIti-senso_rD
20 NCARD isO sponsoredd by thed NationalC Science ~ analyses[] atl] http://www.joss.ucar.edu/cqi-

Foundation.O bin/codiac/dss?21.049.0




30 UPPER-LEVELICOMPOSITESO

TheOaverageOheightOofdthe[03000mbOpressurel]
surfacefrom[23-300July,[1998[{Fig.[2)(Was[treatedby[]
compositing@liAavailable®,3,®,[ LTI IAand21MTCRUC-
2[@nalysesforthatfimelperiod.IFrommorthoflaMidgeihd
southwest[Canada,the[et$treamdipsisouthwardlintol]
theOnortheastU.S. Owhile Jalcut-offClowOspins CoffCthe O
western[J U.S.[O coast.[0 0 Thed standardO deviation of ]
temperature@ndheightivas(Small{orihebroadtegion
south[oflitheJet[stream.[ITheltentralU.S.[precipitation]
episodeslappearedargelylindependentlofi$hort-waves]
orCtransientddisturbancesOinCthe Owesterlies,JasCtheird
storm[frackWas[Somewnhatldisplacedfromihe[etStream
andlts[associatedSynoptic-scalelifting.[]
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Fig.2.0 Average[B0OCmbCheightl{dm;solidCtontours),O
windd (kts;0 barbsO andd hatchedO contours),[] andO
temperatured (C;0 dashedO contours)d usingd RUC-20
analysesfrom23[{b291998.0]

Movingbwerlihfhelatmosphere,fhe300bRUC-
2[tomposite[{Fig.[B)shows[highltelative thumiditylover
the@-corners[tegion[ofliheSouthwest[U.S.[aAssociated
withOtheON.OAmericanOmonsoon.d00TheOsubtropicall
moisture OvasdrawnChorthwardCbyCaCmid-troposphericO
ridgeldenteredloverTexas.[Thelhfidge@xiséxtendsfromO
Texasborthwestwardlihtofhelihtermountain(West.[
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Fig.[3.0 Average15000mbOheightC(dm)dandOrelatived
humidity[{(%;hatchedCtontours)dromRUC-2[analyses,[
23[b[(290July1998.00

AtlfhelSurface,[An[éast-westlorientedFrontdraped
across[theSouthern[Plains[separatedtontrastingCair(d
masses.[ITheboundaryiemainedstationaryfhroughout
theOperiod,OasCthe Oupper-levelOwindsCwereOprimarily ™
parallelOtoOthe Ofront. OOTheOnocturnal IMCSsChelpedO
maintainOtheOtemperaturecontrastObyOopposingOdthed
warm,OhumidOsoutherlyOflowCwithOcoolCthunderstorm
downdrafts.[TFig.[(4shows[the ind$hifttandCHramaticO
temperaturelcontrastOonOeitherOside JofCtheOsurface
boundarymluring%e@fternoon@fEZSDulyELQQS O
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Fig.[d.00 SurfaceEEﬂlnaaIyS|s[fromDZ3EUTC [(250uly19980
depicting@emperature{F)andwind({kts)[@ontrastlacrosstd
stationaryrontlihn[SouthernKansas.[l

40 LOW-LEVELLQETO

TheOmulti-dayOORUC-20compositesOexhibitedCDal
strongldiurnalSignalihObw-leveliindloverihe[$outhernd
Plains.[TAverageow-levellWindsOn[OKOwereighttandO
southerlynihelmid-GoOateafternoon,[butfbyChightfalld
theyO rapidly evolvedO intod a0 classicO low-levelO jetO
(Blackadar,001957;0Bonner,[01968)Oafterdthedsurfacel
boundaryOayerstabilized.[TConsistentfwith[thelinertial ]
oscillationCbf(thelageostrophicfind,thejetCveered o]
primarilylwesterly@yorning.O
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Fig.[3.0 Average[®25CmbCheight{dm;solidCtontours),]
windO (kts;Od barbsO andO hatchedO contours),00 andO
temperatureJ(C;OdashedUOcontours)CforCvariousCtimes
using[RUC-2[@nalysesfrom23[{o29July1998.0

Oneltan(seelthelinterplaybetweentheow-leveld
jetCandthefrontalCzonelntheOverticalCtross-sectionsd
shownbelow[{Fig.®).0Theselforth-south[dross-sections
areperpendicularOtoOtheOfront0andOshowOpotential
temperatureCalongCwithCmeridionalCwindCandCpressurel]
verticalVelocity.[TAs[LnsaturatedCair(south[of(ithedrontO
was[advectedhorthward@t[@00mb,[kvasiftedSharply
alonglihelisentropic[$urfaceluntilftiteachedtsOevel [of(]
freeCtonvectionChear[#0°[N.[IFrom[ihere,ftfascendedd
moist-adiabaticallyCin[deeptonvectiveupdrafts.[TTThe
stationaryront(served@s[anleéfficientiftinglinechanism
wherelitlihtersectedfheStronglbow-levellet.O
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Fig.[6.0 VerticalO cross-sectionsO through 98 T WO ofd
potentialltemperature[{contoursCevery[B[K),meridional]
wind[{m/s;3haded[tontours;lipperpanel)@andipressurel]
verticalCvelocity((Pa/s;shadedontours;OowerCpanel)
fromhe26July1998,BTCRUC-2[analysis.[]



50 CONCLUSIONSO

Thelupper-leveldlowlpattern[Waslrelativelystaticl
from23{o30July[1998,[And[fhe Multi-dayléompositelin[]
Figure20s[huite[tepresentativebfCanyparticularime
withindthatCperiod.[TITheOvariationCbf(iemperatureCand]
pressure-levelOheightOwasOveryOsmallOsouthOofOthed
averagelpolar[jetistreamposition.dThelprimarydracklof]
the[precipitationCepisodes[asCvithinCaldeepOayer[bf]
confluentiwindsdrom[700ImbXo[BO0ImbXhat[$tretchedd
across[thelhorthernCedgelof(thelmidtroposphericCtidged
centeredl@verTexas.O

CompositesiofithourlyprecipitationéxhibitedStrong
longitudinalldependenceonfheldiurnalldycle.MHowever,
despiteffhelstrongldiurnaliSignallihldbserved(fainfall,thed
signalOwasOmuchOlessCevidentOinCthe OcompositesCof0
upper-levellwind,Xemperature[andCheightderiveddromO
the[RUC-2[analyses.[ITherelare[$everallikelyfeasons.Il
DeepltonvectionlisChotoriously[difficultliorepresentfn{
numericallimodels,CespeciallyCivhenCalargedractionbf]
thed convectiond isO unresolved.d O TheO cumulusO
parameterizationd may[ not[] accurately( convey[] the
influenceO ofd deepO convectionO tod itsO large-scaled
environment.O0InCaddition, Cthe Odaily Osuite DofORUC-20
analyseslisChudgedloward[teality[by[tawinsonde[datall
onlywicelalday.Ilnbetween,fhelinodeleliesprimarilyd
ond itsd ownO limitedD physicsO packagesd andO
parameterizations.TFurthermore,the[WwindCandCheight
field[associatedith[@heprecipitationfépisodesimaybel]
tooOlocaldtoOaffectdthedcomposites.[00 Allmoderated
displacement@f@iéoupleundredEmlinfhefrackoffhe
precipitationepisode from[bne[taytothehext[tould
easilyd0smeardthedsignaldinOtheOcompositeOresults.
RecreatingOcompositesOcenteredDonCtheOprecipitationd
centroid(douldhelp@lleviatefhedatterproblem.O

Thelprecipitation[@épisodesfrom23{o[29July19980
wereOlikelyOsupportedObyOtheOlow-levelOjet0andOits
interactioniwithfhe[@ast-westlorientedfrontalzone.[The
stationary@rontlacrosslihe$outhernPlains[$ervedlas[all
"stepping-stone"forirparcels,diftingfhemotheirleveld
of(free[tonvectionCastheystreamedChorthward within(d
theOlow-levelTjet. OC0AsCOthe Dlow-levelDjetOveeredOfromO
southerlyd toO southwesterly,d thed mainO regionO of(
precipitation($hifted[@astwarddollowinghelhose[ofihed
jet.[MAs[Iheleross-frontalltomponentloffhelow-levelfetOd
decreasedtowardsOdaybreak,O0theOintensityd ofdJthed
precipitation[@pisodes(ikewiseldiminished.]
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