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ABSTRACT

The atmosphericgeneralcirculationmodel(AGCM) ECHAM [1] in its latestversion5 (not yet of-
ficially released)usesa new cloud cover scheme[3], which prognosesthe probability distribution
function (PDF)of the total watermixing ratio, i.e. watervapor, ice andliquid water. Fromthe lat-
ter thePDF for cloudcondensatecanbe retrievedandsuchthe PDFof optical thicknessof clouds.
Solarradiative transferthrougha cloudy layer is thencomputedusinga two-streamapproximation,
which accountsfor nonconstantoptical thickness.First resultswith a singlecolumnmodelversion
arepresented.

INTRODUCTION

Currentlymostgeneralcirculationmodels(GCM) usetheplaneparallelhomogeneousapproximation
(PPH)for treatingthe influenceof cloudson the transferof solarradiation,i.e. cloudsaretaken as
homogeneousboxesof air with internally constantmassmixing ratio of liquid waterql, spreading
over the whole layer heightandcovering the fraction Ac of thegrid cell. No informationaboutthe
internalvariability of ql, noraboutthehorizontalor verticalstructureis available.For thelattersome
kind of assumptionhasto bemade,rangingfrom randomto maximumoverlap,while the former is
usuallyneglected.

Reflectivity andtransmissivity of acloudylayerarenonlinearfunctionsof theopticaldepthτ, which
in turnis alinearfunctionof theliquid waterpathandthereforethemassmixing rationql. Computing
theseradiative characteristicsfrom meanvaluesof mixing ratio of liquid waterandweightingit by
the fractional cloud cover, both suppliedby the cloud scheme,leadsto a systematicerror. Since
reflectivity is a convex functionof τ thealbedoof a cloudusingPPHis alwaysoverestimatedwhile
its transmissivity is analogouslyunderestimated.Thisproblemis usuallycalledPPH albedo bias.

CLOUD SCHEME

ThecloudcoverschemeassumesthattheprobabilitydistributionG
�
rt � of thetotalwatermixing ratio

rt within eachmodellayercanbedescribedby aBetadistribution functionof theform

G
�
rt ��� 1

B
�
p � q �

�
rt � a � p � 1 � b � rt � q � 1�

b � a � p � q � 1 (1)

wherea � rt � b. The function is determinedby its limits a andb andthe two shapeparametersp
andq. With thesaturationmixing ratio rs onecancomputethevaporrv andcondensateamountrc as

rv �
	 rs

a
G
�
rt � rt drt 


	 b

rs

G
�
rt � rs drt � rc �
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G
�
rt � � rt � rs � drt � (2)
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Figure1: Dif ferencesof shortwaveupwardfluxesat TOA at point C (left) andF (right)

thefractionalcloudcoverAc is

Ac �
	 b

rs

G
�
rt � drt � (3)

Currentlytheshapefactorp is heldconstant,while q is prognosedfrom cloudprocesseslikedetrain-
mentandhorizontalmixing, while thelimits a andb arecalculatedfrom rv andrc using(2). In case
of overcast(Ac � 1) andclearsky conditions(Ac � 1) anadditionalprognosticequationfor thewidth�
b � a � hasto beintroduced.

BETA WEIGHTED TWO STREAM APPROXIMATION

Principle

Sinceoptical thicknessτ of a layer is a linearfunctionof liquid waterpathandthereforethemixing
ratio of cloudcondensateτ

�
rc � onegetsfrom (1) thePDFfor theoptical thicknessG

�
τ
�
rc ��� . There-

flectivity R
�
τ � andtransmissivity T

�
τ � of alayerwith opticalthicknessτ is computedusingastandard

two-streamapproximation(Eddingtonapproach).Knowing G
�
τ � the reflectivity andtransmissivity

canbewrittenas

RBWT SA �
	 τmax

τmin

R
�
τ � G �

τ � dτ � (4)

TBWT SA �
	 τmax

τmin

T
�
τ � G �

τ � dτ � (5)

whereτmin andτmax aretheminimumandmaximumopticalthickness,respectively, deducedfrom a,
b andrs.

Single Column Mode Experiments

In orderto testtheapproachdescribedabove,theBetaWeightedTwoStreamApproximation(BWTSA)
wasimplementedin theECHAM GCM andseveralsinglecolumnexperimentshavebeenperformed.
They aredrivenby a full 3D integrationof themodel. Thepositionsarelisted in Tab. 1. A second
approachto correctfor thealbedobiasdueto cloud inhomogeneityasproposedby Tiedtke [2] is to
usea scaledopticalthicknessτe f f � λτ, whereλ � 0 � 7 is used.This approachwasalsotestedin the



A B C D
longitude -150 -130 -40 150
latitude 18 40 45 46

Table1: Positionof SCMexperiments

A B C D
TI 7.8 6.2 8.3 15.2
BWTSA 8.8 5.8 7.7 48.0

Table2: Annualmeansof differencesof shortwaveupwardfluxesat TOA

ECHAM model.Fig. 1 showsthedifferencesin shortwaveupwardradiationat thetopof atmosphere
(TOA) betweenthecontrolrunandthescalingapproach(TI) andtheBWTSA approach,respectively,
for two columns. In Tab. 2 theannualmeanvaluesof the flux differencesaresummarized.Except
for thecolumnD in thetropicalwarmpool, themeansarequitesimilar, but thereareseasonaldiffer-
ences,ascanbeseenfrom Fig. 1, wheretheBWTSA is lower in winter time, but higherin summer
time. For the tropics the BWTSA reducesalbedodramatically. Sinceconvective cloudsaremore
inhomogeneousthanstratiformcloudsa largercorrectioncomparedto thescalingapproachis to be
expected.Fromcloudresolvingmodelsonefoundscalingfactorsof approximatelyλ � 0 � 5 [2], which
givesannualflux differencesof app. 25Wm � 2. The large differencefound heremay be dueto an
overestimationof cloudvariability by thecloudscheme,but furtherinvestigationshave to bedone.

CONCLUSIONS

The PPHapproximationfor radiative transferin cloudy layersleadsto a systematicoverestimation
of the albedo,becausehorizontalinhomogeneitiesareneglected. A consistentapproachto correct
for this error is to usePDFfor cloudcondensateasprognosedby thecloudcoverschemein thetwo-
streamradiationcomputation.Comparisonof SCM experimentsusingtheBWTSA andthescaling
approachshow goodagreementwith respectto annualmeansexceptfor thetropicalwarmpoolregion.
Neverthelessthereareseasonaldifferences.
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