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MotivationMotivation

thethe importanceimportance ofof shallowshallow convectionconvection for for 
describingdescribing realisticrealistic verticalvertical structuresstructures ofof
atmosphericatmospheric forecastforecast variables in variables in thethe lowlow
tropospheretroposphere. . 
new new resultsresults withwith HIRLAM HIRLAM physicsphysics
somesome resultsresults areare muchmuch improvedimproved relative to relative to 
whatwhat has has previouslypreviously beenbeen publishedpublished in in thethe
contextcontext ofof 1D simulations (1D simulations (e.ge.g. EUROCS . EUROCS shallowshallow
cumuluscumulus case)case)
thethe somewhatsomewhat uncertainuncertain futurefuture ofof HIRLAM HIRLAM 
physicsphysics mightmight bebe an an additionaladditional reasonreason for for 
presentingpresenting thethe present status. present status. 



Present Present studystudy describeddescribed in in detaildetail in in 
thethe reportreport

`̀IdealizedIdealized simulations simulations ofof shallowshallow
convectionconvection usingusing recent HIRLAM recent HIRLAM 
physicsphysics´́
((contactcontact thethe authorauthor))



OVERVIEWOVERVIEW

1) 1) IntroductionIntroduction summarizingsummarizing setupsetup
2) 2) EssentialEssential parts parts ofof HIRLAM HIRLAM physicsphysics

for for thisthis studystudy
3) 3) MainMain resultsresults for ASTEX, BOMEX, for ASTEX, BOMEX, 

EUROCSEUROCS
4) 4) ConcludingConcluding remarksremarks



(1.1) (1.1) experimentalexperimental setupsetup

* In * In thisthis studystudy shallowshallow convectionconvection is is defineddefined as as 
convectivelyconvectively unstableunstable conditionsconditions withwith cloudsclouds and and 
condensationcondensation in in thethe lowestlowest 3 km 3 km ofof thethe
atmosphereatmosphere. . 

* 1D* 1D--model is run model is run withwith appropriateappropriate forcingforcing specifiedspecified
((fluxesfluxes oror tendenciestendencies from from dynamicsdynamics and from and from 
surfacesurface))

* Summary for 3 cases : ASTEX , BOMEX , EUROCS* Summary for 3 cases : ASTEX , BOMEX , EUROCS



(1.2) (1.2) specificationspecification ofof casescases

NumberNumber ofof levelslevels :: 80 , 80 , withwith 17 17 belowbelow 1 km, 33 1 km, 33 belowbelow 3 km3 km
Time stepTime step: 150s, (75s): 150s, (75s)
ASTEX:ASTEX: (12(12--13 June 1992)13 June 1992)
--AtlanticAtlantic Stratocumulus Transition Stratocumulus Transition EXperimentEXperiment ––

((BrethertonBretherton and and PincusPincus 1995),  simulation 1995),  simulation periodperiod: 24 h: 24 h
ForecastForecast lengthlength: 24h. : 24h. 
BOMEX BOMEX :(June 1969):(June 1969)
-- Barbados Barbados OceanographicOceanographic and and MeteorologicalMeteorological EXperimentEXperiment--

((NittaNitta and Esbensen1974),   simulation and Esbensen1974),   simulation periodperiod: 7 : 7 hourshours..
EUROCSEUROCS (21 June 1997)(21 June 1997)
shallowshallow cumuluscumulus over land  over land  -- ARM ARM sitesite in in OklahomaOklahoma--
LESLES--resultsresults: Brown et. al. (2002), 1D: Brown et. al. (2002), 1D--simulation simulation resultsresults: : LenderinkLenderink

et al. (2004).et al. (2004).



(1.3) HIRLAM (1.3) HIRLAM physicsphysics

NomenclatureNomenclature ofof experimentsexperiments::

TurbulenceTurbulence schemescheme (HIRLAM version (HIRLAM version ofof CBR)  CBR)  
basedbased onon TKE and a TKE and a diagnosticdiagnostic lengthlength scalescale
`̀drydry´́ turbulenceturbulence schemescheme:  :  CBRDCBRD
`̀moistmoist´́ variable variable turbulenceturbulence schemescheme: : CBRMCBRM
`new`new´́ convectionconvection schemescheme (STRACO):  (STRACO):  CVNEWCVNEW



(1.4) OUTPUT(1.4) OUTPUT

OUTPUTOUTPUT

-- VerticalVertical profilesprofiles at at thethe end end ofof thethe simulation simulation periodperiod..
For EUROCS For EUROCS time seriestime series ofof cloudcloud base, base, cloudcloud top, top, cloudcloud
cover and cover and verticalvertical meanmean TKE TKE belowbelow 900 900 hPahPa

VerticalVertical profilesprofiles ofof
--relative relative humidityhumidity
--liquidliquid waterwater potential potential temperaturetemperature
--cloudcloud covercover
--windwind componentscomponents
--turbulent turbulent kinetickinetic energyenergy (TKE) (TKE) 



ConvectionConvection (2.0)(2.0)

schemescheme (STRACO) (STRACO) basedbased onon a a moisturemoisture budgetbudget

separate separate verticalvertical distribution distribution functionsfunctions for for temperaturetemperature, , 
humidityhumidity and and cloudcloud condensatescondensates

effecteffect ofof `̀overshootingovershooting´́ convectiveconvective eddieseddies parameterizedparameterized..

scalescale dependent dependent parameterizationsparameterizations

`̀cloudcloud´́ model model basedbased onon a (new) a (new) entrainmententrainment formulationformulation
but but usingusing classicalclassical definitions and definitions and experiencesexperiences

nono traditionaltraditional massmass fluxflux computationscomputations



PhysicsPhysics: : convectiveconvective cloudcloud cover (2.1)cover (2.1)

TheThe statisticalstatistical fomulationfomulation ofof convectiveconvective cloudcloud
cover is cover is basedbased onon thethe solution solution ofof thethe followingfollowing
3 3 equationsequations::

I)I) TheThe integratedintegrated probablilityprobablility ofof PDFPDF--boxesboxes for for 
total total specificspecific humidityhumidity whichwhich equalsequals 11

II)II) An An equationequation for for thethe meanmean specificspecific humidityhumidity ofof
thethe gridgrid boxbox

III)III) An An equationequation for for thethe gridgrid boxbox meanmean specificspecific
cloudcloud condensatecondensate. . 



PhysicsPhysics: : convectiveconvective cloudcloud cover (2.2)cover (2.2)



ProbabilityProbability functionfunction ofof convectiveconvective cloudcloud cover (2.3)cover (2.3)



EntrainmentEntrainment and and moisteningmoistening (2.4)(2.4)



3.1 3.1 --ASTEX relative ASTEX relative humidityhumidity (24h)(24h)



3.2 3.2 ––ASTEX ASTEX liquidliquid waterwater pot. pot. temperaturetemperature (24h)(24h)



3.33.3-- ASTEX ASTEX cloudcloud cover  (24h)cover  (24h)



3.4 3.4 -- ASTEX ASTEX liquidliquid waterwater (24h)(24h)



3.5 3.5 -- ASTEX ASTEX windwind componentscomponents



3.6 3.6 –– ASTEX turbulent ASTEX turbulent kinetickinetic energyenergy (24h)(24h)



3.8 3.8 –– BOMEXBOMEX relative relative humidityhumidity (7h)(7h)



3.10 3.10 BOMEXcloudBOMEXcloud cover (7h)cover (7h)



3.12 3.12 ––BOMEX BOMEX liquidliquid waterwater (7h)(7h)



3.133.13-- BOMEX  TKE (7h)BOMEX  TKE (7h)



3.143.14-- EUROCS relative EUROCS relative humidityhumidity (10h)(10h)



3.14 3.14 –– EUROCS EUROCS cloudcloud cover (10h)cover (10h)



3.153.15-- EUROCS EUROCS cloudcloud waterwater (10h)(10h)



3.163.16-- EUROCS TKE (10h)EUROCS TKE (10h)



3.173.17-- EUROCS EUROCS cloudcloud base and top base and top 



3.18 3.18 –– EUROCS EUROCS cloudcloud cover and TKEcover and TKE



ConcludingConcluding remarksremarks (4.1)(4.1)

** TraditionalTraditional turbulenceturbulence schemesschemes as as currentlycurrently
usedused in HIRLAM in HIRLAM needsneeds a a convectionconvection schemescheme in in 
orderorder to to describedescribe shallowshallow convectionconvection adequatelyadequately
ExceptionException: : moistmoist stratocumulus cases stratocumulus cases suchsuch as as 
ASTEX ASTEX handledhandled wellwell by by moistmoist turbulenceturbulence
schemescheme..

** ItIt is is difficultdifficult to to obtainobtain a a realisticrealistic interactioninteraction
betweenbetween turbulenceturbulence and and convectionconvection
parameterizationparameterization..



ConcludingConcluding remarksremarks (4.2)(4.2)

** TheThe new versionnew version ofof thethe convectionconvection schemescheme has has 
given given improvedimproved resultsresults for BOMEX for BOMEX comparedcompared to to 
previousprevious version (not version (not shownshown). ). AlsoAlso for  EUROCS for  EUROCS 
thethe resultsresults areare muchmuch improvedimproved to to whatwhat has has beenbeen
previouslypreviously shownshown withwith HIRLAM HIRLAM physicsphysics and and 
probablyprobably competitivecompetitive to to thethe resultsresults ofof most most otherother
schemesschemes for for importantimportant keykey parameters, parameters, e.ge.g. . 
relative relative humidityhumidity..



ConcludingConcluding remarksremarks (4.3)(4.3)

** SpecificSpecific cloudcloud condensatecondensate at +10h at +10h ofof

EUROCS is EUROCS is considerablyconsiderably higherhigher in 1D run in 1D run 
presentedpresented, , comparedcompared to LES. to LES. ThisThis resultresult appearsappears
to to bebe somewhatsomewhat sensitive to sensitive to thethe assumptionsassumptions onon
subgridsubgrid scalescale condensationcondensation and and thethe time time scalescale for for 
evaporation evaporation ofof cloudcloud waterwater
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