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ABSTRACT

The atmospherigeneralcirculationmodel (AGCM) ECHAM [1] in its latestversion5 (not yet of-
ficially releasedusesa new cloud cover schemg3], which prognoseghe probability distribution
function (PDF) of the total watermixing ratio, i.e. watervapor ice andliquid water Fromthe lat-
ter the PDF for cloud condensateanbe retrieved and suchthe PDF of optical thicknessof clouds.
Solarradiative transferthrougha cloudy layer is thencomputedusinga two-streamapproximation,
which accountdor non constaniptical thickness.First resultswith a singlecolumnmodelversion
arepresented.

INTRODUCTION

Currentlymostgenerakirculationmodels(GCM) usetheplaneparallelhomogeneouapproximation
(PPH)for treatingthe influenceof cloudson the transferof solarradiation,i.e. cloudsaretaken as
homogeneouboxesof air with internally constantmassmixing ratio of liquid waterq;, spreading
over the whole layer heightand covering the fraction A; of the grid cell. No informationaboutthe

internalvariability of g;, noraboutthe horizontalor verticalstructures available.For thelattersome
kind of assumptiorhasto be made,rangingfrom randomto maximumoverlap,while the formeris

usuallyneglected.

Reflectvity andtransmissiity of a cloudylayerarenonlinearfunctionsof the opticaldeptht, which
in turnis alinearfunctionof theliquid waterpathandthereforehemasamixing rationg;. Computing
theseradiatve characteristicrom meanvaluesof mixing ratio of liquid waterandweightingit by
the fractional cloud cover, both suppliedby the cloud scheme Jeadsto a systematicerror  Since
reflectvity is a corvex functionof T the albedoof a cloud usingPPHis alwaysoverestimatedvhile
its transmisstity is analogouslyunderestimatedrhis problemis usuallycalledPPH albedo bias.

CLOUD SCHEME

Thecloudcover schemeassumethatthe probabilitydistribution G(rt) of thetotal watermixing ratio
r within eachmodellayercanbe describedy a Betadistribution functionof theform
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wherea < r; < b. Thefunctionis determinedy its limits a andb andthe two shapeparametergp
andq. With the saturatiomrmixing ratio rs onecancomputethe vaporr, andcondensatamountr¢ as
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Figurel: Differencef shortwave upwardfluxesat TOA atpoint C (left) andF (right)

thefractionalcloudcover A¢ is

b
ACZ r G(rt)drt. (3)
Currentlytheshapdactorp is heldconstantwhile q is prognosedrom cloud processeBk e detrain-
mentandhorizontalmixing, while the limits a andb arecalculatedrom r, andr. using(2). In case
of overcas{A; = 1) andclearsky conditions(A; = 1) anadditionalprognosticequatiorfor thewidth
(b—a) hasto beintroduced.

BETA WEIGHTED TWO STREAM APPROXIMATION
Principle

Sinceopticalthicknesst of alayeris alinearfunction of liquid waterpathandthereforethe mixing
ratio of cloud condensate(r) onegetsfrom (1) the PDFfor the opticalthicknessG(t(r¢)). There-
flectivity R(T) andtransmissiity T (1) of alayerwith opticalthickness is computedisingastandard
two-streamapproximation(Eddingtonapproach).Knowing G(1) the reflectvity andtransmissiity
canbewrittenas
Tmax
Rewrsa = / R(T)G(T)dr, )
Tmin
Tmax
Tawrsa = / T(1)G(T)dr, (5)
Tmin
wheretmn andtmax arethe minimumandmaximumopticalthicknessyespectrely, deducedrom a,
b andrs.

Single Column M ode Experiments

In orderto testtheapproachdescribedbove, theBetaWeightedTwo StreamApproximation(BWTSA)
wasimplementedn the ECHAM GCM andsereralsinglecolumnexperimentsdhave beenperformed.
They aredrivenby afull 3D integrationof the model. The positionsarelistedin Tah 1. A second
approachto correctfor the albedobiasdueto cloudinhomogeneityasproposedoy Tiedtke [2] is to
usea scaledopticalthicknesstes = AT, whereA = 0.7 is used.This approactwasalsotestedn the
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Tablel: Positionof SCM experiments

|A B C D
Ti H 78 6.2 83 152

BWTSA | 8.8 5.8 7.7 48.0

Table2: Annualmeansf differencesf shortwave upwardfluxesat TOA

ECHAM model.Fig. 1 shavsthedifferencesn shortwave upwardradiationatthetop of atmosphere
(TOA) betweerthecontrolrunandthescalingapproach{Tl) andthe BWTSA approachrespectrely,
for two columns.In Tah 2 the annualmeanvaluesof the flux differencesare summarized.Except
for thecolumnD in thetropicalwarmpool, the meansarequite similar, but thereareseasonatliffer-
encesascanbeseenfrom Fig. 1, wherethe BWTSA is lower in winter time, but higherin summer
time. For the tropicsthe BWTSA reducesalbedodramatically Sincecorvectve cloudsare more
inhomogeneouthanstratiformcloudsa larger correctioncomparedo the scalingapproachs to be
expected Fromcloudresolvingmodelsonefoundscalingfactorsof approximately\ = 0.5[2], which
givesannualflux differencesof app. 25Wm~2. The large differencefound heremay be dueto an
overestimatiorof cloudvariability by the cloud schemebut furtherinvestigationsave to bedone.

CONCLUSIONS

The PPHapproximationfor radiatve transferin cloudy layersleadsto a systematicverestimation
of the albedo,becausénorizontalinhomogeneitiesre neglected. A consistentapproachto correct
for thiserroris to usePDFfor cloud condensatasprognosedy the cloud cover schemen the two-
streamradiationcomputation.Comparisorof SCM experimentsusingthe BWTSA andthe scaling
approactshov goodagreementvith respecto annuaimeansexceptfor thetropicalwarmpoolregion.
Neverthelesshereareseasonatlifferences.
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