
V • Preprints, 5rh Conference on Mesoscale Processes, Jan 5-10, 1997 Atlanta GA AMS

DOE / ER/61066--4

DE92 007205

AN APPROACH FOR PARAMETERIZING

MESOSCALE PRECIPITATING SYSTEMS

.M.J, Weissbiuth and W,R, Cotton

Dept. of Atmospheric Science. Colorado St,ite [.'mversitv.. Fort Col[in_. _7'O '_.0o_3"'_'
1

: I Introduction 2 Scheme fabrication

Mesoscaleprecipitationsystemsarean importantphenomena In Weissbluth(1991)and WeissMuth and Cotton(l.ga.a._.a

thatonlyrecentlyhavebeenstudiedbothobserv_tionallyand CCOPE supercell,Floridasea-breezeconvectiona_d a trop-

numerically.While theirimportanceisnow generallyrec- icalsqualllinewereexplicitlysimulatedby theRegionalAt-
•Ignized,theirpanuneterizationinlarge-scalemodel_isnon- mosphericModelingSystem (RANIS) developedat Colorado

existent.The par_metenzation[.:obiemof thesesystemsis StateUniversity.Model outputdiagnosticswereshow= tobe
complicatedby theexistenceofboth meso-v-scaleconvective a powerfultoolininterpretingthebehaviorofthestormsit,ce

draftsand broaderdraftsorg_mizedon themeso-Jand meso- spltiiand temporalresolutionofthedataisuniformand self-

c,st=los.The resultisthat existktgcumuluspara.meterization consistent,unlikereM-worldobservationsofthesephenomena.
schemesaxenotadequateforthes,-,ystemssi.Rcethemesoscale By averagingoversuitableareu ofthe explicitsimulations,

organizationis=orrepresented, area/aver_esoftheconvectiveheat,momentum and moisture
fluxeswereobtainedforeachofthestormsand intercompared.

Inordertorepre_ntthesesystemsinnumericalmodelshay- The vertical,velocityv-m-lanceseems tobe a ratherurtiver_al

inghorizontalresolutieascoat,Jetthan 50km, we proposethe me_ure ofconvectionr_ardlessoftheforcingofconvection
oritsenvironment.Furthermore,verticalmass and moistureuseofa cumulusparameterizationl&boratot-ywhere thepa.

rameterizationisconceived,designed,calibratedand finally covariancesappearstronglylinkedtow-'rwTw_.Forthesereasons.
retiredujmnstdataobtainedfromsome referencenumerical we have basedtheplese.._ntcumulusp_ameterizatianscheme

model.The schematicinFig.ishowsthedesignofthisinborn- on thepredictionofw'w'.
tory.Of course,thefundamentallinkisthereferencenumerical

= model whichmust accuratelydescribethesystemofinterest. Weissbluth(1991)andWeissbluthand Cotton(1990)described

Inthefollowin_sections,thefabrication,calib_tionand veri. themodificatio_made tothetraditionalMellorand Yaxnada

ficationstagesofthecumulusparameterizationLabo_toryare (1.974)level2.5closure.Sincetheone prognosticvariableis
describedu theyhavebeenimplementedintwo dimensionsin _, theschemeistermeda level2.5wclosure.Withinthis

Weisshluth(1991).The applicationof this me_hod indesign- formulation,realizabRityconditionsareimposedon the mixing
iag a cumulusparame_erizationschemeinthreedimensionsis cool,dents_ inHusid _-d Galperin(1.983) and theclipping
thenex_endedtomesoacaleprecipitatingsystems, approximationofAndre eta',(1976)isused.Furthermore.a

generalizedlen_h scaleisused_,inChen and Cotton(I987)

torepresen_stableand unstableconditions_herea buoyant
heatlllxmay ormay notbe present.

The pressure_-d transpor_term areclosed_sinZeman and

Lurnley(1976)who modeledthesetermsfora buoy_mcy-driven
mixed layer.Intheir,-,riginalformulation,the shearcompo-

IR.AMS numericalmodelI nentswere not includedsincethey studiedan.environment

I withoutshear;inourformulation,contributionsto w'w"--'7fromshearisincluded.The tr_nsl)orttermishandledinarelatively
_ophBticatedw-_yinordertcincludecounter-$radienttrans-

[ t [ 1 po,, =x,d
theorytoincludethevirtualand rainwatereffectsonthebuoy-

•ncy term_.
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Thus fax,onlya higherorderturbulenceschemehasbeen de- 4 Scheme verification
scribed,in Weissbluthand Cotton(1991),theadditionof_,

deepcumuluscomponentisdescribedwhichaalowsthescheme
tobe usedasa_cure,uspaxaaneterizationscheme.The cumu- The resultsofthecumulusparameterizationon a fivea.nda.
iustendenciesfrom deepconvectionaxespecifiedas twentykilometergridhavebeen compared to• two dimen-

sionalexplicitsimulationon _,1.5km ZridofFloridaseabreeze

O_ cumin, _ + _ &._i- " ( towscloselytheex'periment=ldesignofNichollsetal..(1991__
who examinedtheeffectofvaryinginitialwindand thermodv-

The secondtermon therhsofEq. tisthe convectiveadjust- aa.m.icprofileson theevolutionand structureofdeep convec-

meritterm where T isthe timescaleoverwhich,convection tioninitiatedbythepropagatLRgsea-breezes.They examined
modifiestheenvironment,X representsany scalarvaxiable,u, threewind profilesfromwhichtheirType [.discussedbelow.
d and e representupdraft,dowRdraftorenvironmentalvalues ischosen.The domainsizeis600 km withlandinthecenter

ofa vaxiabteand crrepresentscloudcorefractions2coverage, thirdofthe domain and wateron eithersideand incl.udes

stretchedverticalgr_dhavin_a resolutionof250 m nearthe

Thereaxeseveralinterpretations.ofEq. I whichcan be made. surfaceand iacreasin_toikm upto21km. ThereisaRaytei_b.
_,'_%encumulusforcin_isdiagnosed,thefirstterm on the rbs frictionlayerintheuppermost7km ofthedomainand K1emp-

combineswiththeresolvableadvection.Bougeault (1985)then W'tLheknson(1978)radiativelateralboundary,conditionwith
interpretsthefirstterm ontherbsasa subsidencetermsince

theresolv-,bleverticahmotioninlarge-scalemodelsisne_r,ligible a very[axlephasespeedtoeffectivelycreatea zero-gradient
outflowcondition.Fullmicrophysicsincludingra.in,ice._ra.u-

co=:'_ed tow". The secondterm istheninterpretedasthe

de':_:tmenzterm.inlargescalemodels,then,thesubsidence pd and a_rregatesareincluded.The sim_atioaisrurtfor[2
hoursstaxtingat0800localtimeLRordertopropertycapture

term promptswarmingand dryingwhilethedetrainmentterm
the.deveJopme_ztoftheseabreeze.The Type Ithermodyna_mic

promptswaxminjtand moistening, profileha_a l.:.f'cedindexofabout-4_whilethewind profilein-

dicateaeaste:iiesthroughthedepthofthetropospherewith
mesosca.l.emodels,theresolvedverticalmotionmay becom-

slightjetneat'the&,roundand neaxthetroposphere.
pax_tbleto _#" and a differentinterpretationof theterm is
needed,lmthiscase,theadvectionby theresolvedmotionsand

the first term on therhs(now calledthe compensationterm)

combineto_ivenearzeronetadvectionwhiteisdesirablesince : ":- a
the advec,cionofthescslazaisnow beingaccomplishedby the
convectiveadjustmentterm. Doublecountingisthenexplic- "/

ittyeliminatedsincethe convectivez.djustmentterm wholly ':::'_ .

haRd.leathe updraftcorewaxmzRgand moistening. _ i ,
/ " ,_

2

3. Scheme calibration
I ,-.. _(%'

Eq. i necceaitatestheuseof• cloudmodel, inthecumulus ../ .' _ .

paxa_meteriz&tionlaboratory, the referencenumerical mode[ is _ _ ........ ,
used to calibratethe usualcloudmodel parz_mete._ such _ '-_ _a.'aaae-_a _a ,_,_,_._z_'.:-:-: ::

entrainmentfortheupdrai'cand theevaporativepressurescale " "_'
forthe downdraL't.(Weissbluth,1991amd Websbluthand Cot-

22-
Jk

ton, 1990). A/so described in these mfe_ncea is the unique b-

LRcorpora,tionintothe par'4meterizationscheme ofhydrome-
-

teor sourcefunczions forthe hos_model. Vertical profilesof =.::-
varioushydrorneteorsinthe updra_ and dowlldr_t_s _ deter- -
minedby conditionallysampling thedrafts in thereferencena- -

mericalmodel The res'air,ht parm_ezerized profilesarethen - : _,- ._... ,
representedu parabolic curzes whou sha,_ b determined by . _ _"

general cloudparaaneterssu_ u _he lifting condensation level
or theequ.i.Llbri_Lmtempera_'uze [,v_.l.Thesecuxvesmm then

normalized by the percent that each hydrometeor species con- i _'_"_ t--"_"trh.batesto the tota_t conditionMlysampled conden|&te in the ......
reference numerical simul&tion. _-'"........__-'"=!."_'--:: ': ::'

Fi& 2. 21 km runnin_averaguoftheexphcittwo dimensmn_i
szmuJ,,tio-fortheinner400km ofthedomainat1700[ocadtime

The peninsulaisbetween-i00km andtOOkm. (a)vercicEvelocity
(contoursfrom-5.1m/s co2.7m/iby02 m/s)and(b)perturbation
totalwatermixingratzo(contoursfrom-21g/kgto 19 _/kgby 2
g/kg;labels_e multipliedbyt0).
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The sea breezesdevelopfairlyearlyintheday as the solar 5 Extension to mesoscale precipitating

radiationheatsthe groundmore stron_ythanthe water,k systems
relativelow pressureformsoverthepeninsulawhichdrawsin

therelativelycoolerand denseroceanicairoverboth coasts.

The resuJ.tisan eastwardpropagatingsea-breezefrontover Thus farthe cumulusparameterizat}onlaboratoryhas been

thewesterncoastand a westwardpropagatingfronton the used to developa parameterizationscheme suitable foruse
eastcoast.As notedinNichoUsetal.,(].991)intheirreview ina mesoscalemodel. The key featuresofthisscheme are

ofthe Floridaseabreezephenomenon,thisType Isituation thatconvectivedraftsareparameterized,theschemeprovides

ischaracterizedby by developmentofdeep convectionalong hydrometersourcefunctionsforthehostmodeland thescheme
bothcoastsdue tolowlevelupliftattheseabreezefronts.The issuitableforuse ina wide rangeofgridresolutions.This

eastcoastconvectionmovesinlandfairlyrapidly,whereasthe schemeisbeingextendedforuseinparameterizingmesoscaie

westcoastconvectionmoves more slowlydue tothe presence precipitatingsystemson gridscoarser:ban50 km by moving
ofan easterlycomponentinthewind. The seabreezefronts thelaboratoryupscale;thisinvolvesthe explicitsimulation

collidetothewestofthecenterofthepeninsulaproducingthe ofa mesoscaleconvectivesystem(MCS). Furtherc_bration
strongestconvectionwhichdiminishesinrbeearlyevening, ofrbe convectivedraftscan be made by usingthe previous

conditionalsamplingcriterea.
Figs.2a.bindicatetireverticalmotionand perturbationtotal

watermixingratiofrom theexplicitsimulationanalyzedwith However,thereisnow informationinthesereferencedata to

20 km runningaverageswhilethesefieldsfrom the parame- parameterizethe mesoscalecirculations.For example,meso-
terizedsimulationon a 20 km gridare shown inFis_s.3a,b. scaleupdraftpropertiesand hydrometeorprofilescam be de-

at1700localtime.Fairlygood agreementisevidentbetween terminedby samplingthoseareaswhereverticalvelocitiesare

thetwo simulations,althoughtheiraresome problemsinthe between0.2and 1.5m/s (theconvectivedraftswere sampled
timingand locationoftheparameterizedrun. when verticalvelocitiesweregreaterthat5 m/s).Eq. Iwould

thenbeusedwitha similarequationwhichrepresentsthepa-
rameterizedmesoscaledrafts.

6 Conclusions
:"":"a .

- ,:-_ -_:._' A cumuluspararneterizationlaborat:oryh_ been described-. whichusesa referencenumericalmodeltofabricate,caJJbrace

- / ,:,/_'- and verifya cumulus parameterizationschemesuitableforuse

- : ::_." tt '!iiC":"' inmesoscalemodels.Key featuresofthisschemeincluderes-

-"_'_//_ olutionindependenceand theabilitytoprovidehydrometeor- ............ ,_/ sourcefunctionstothehostmodel.Thus far,onlyconvective

_- | i'!i"(_!i.,!i,/,,/,/li!ii(i!/ scaledraftshave been parameterized,limitingthe useofciae

- :?i!_I/i'l!' schemetothosemodelswhichcan
resolvethemesoscalecircu-

- ......... y_/ larionl.._it_zands,theschemecouldprobablybe incorpo-
-- "_--L_L.._ ratedin1:omodelshavinga&ridresolutiongreaterthan.50km

- _ Ja - _a a_ --.'a a_ J _ --J _ :_ :_ -: with results comparable to the existing schemes for the large-
" '_ scalemodels.We propose,however,toquantifythemesoscaie

circulationsthroughtheuseofthe cumulusparameterization

_ :z- aL laboratory.The inclusionofthesemesoscaledraftsintheex-
istingschemewillhopefullyallowthe correctparameterization

oftheorganizedmesoscaleprecipitatingsytems.
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