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Summary of key issuesfor WGCM meeting(3-5 Septembey2007).

TheIPCCAR4 reafrms the spreadn equilibrium climate sensitvity andin transientclimate
responsestimatesamongcurrentmodels.Recentstudiesshow thatintermodeldifferencesn
cloudfeedbacksemainthe primary sourceof this spreadwith low cloudsmakingthe largest
contribution.

Themainobjectve of CFMIP-2is to make, by thetime of the AR5, animprovedassessmerutf

climate changecloud feedbackdy makingprogressn the (1) evaluationof cloudssimulated
by climate modelsandthe (2) understandingf cloud-climatefeedbackprocessesAn inter-

national CFMIP workshopwasorganizedin Parisin Spring2007to lay the foundationsfor a

CFMIP-2proposalandto strengthenhelinks betweerthe CFMIP, GEWEX/GCSSndtheUS

CLIVAR ProcessTeamcommunities. The CFMIP coordinationcommitteeis now composed
of: Mark Webb,SandrineBony, Geoge TselioudisandChris Bretherton.

The main actvities of CFMIP-2, which are detailedin the body of this document(mostre-
centversionavailablefrom http://www.cfmip.net)are:

1. Developmentof the ISCCPsimulatorandof a CFMIP ISCCP/CloudSat/CALIPS®im-
ulator (CICCS)to be distributedto the modellinggroupsto evaluatemodelclouds(and
thuscontribute to the modeldevelopmentprocesslusing satelliteobsenationsfrom the
new generationof spaceborneadarand lidar instrumentsand existing passve instru-
ments. They arerequiredif effective cloud-climatemodel metricsareto be appliedto
CMIP4GCMs.

2. Designandanalysisof shortatmosphere-on\CFMIP-2 experiments requiring CICCS
andotherdiagnosticsto betterunderstandhe physicalmechanismsinderlyingthe dif-
ferentcloud-climatefeedbacksn climatemodels.

3. Collaborationwith GEWEX-GCSSo assesshe credibility of cloud-climatefeedbacks:
CFMIP-GCSSCRM/LES/SCMcasestudiedocusednthesensitvity of low-level clouds
to changesn climate,processtudiesbasedon the analysisof grid-pointhigh-frequeng
outputs,anddevelopmenbf cloud-climatemetrics.



We askwhetherWWGCM continueso endorseCFMIP-2 plans,andseekthe following recom-
mendationgrom WGCM (seebody of reportfor details):

requiringtheuseof theISCCPsimulator(andstronglyencouraginghe useof CICCS)in
AMIP, 20C3Mand1%/yr CO, (pluscontrol)experimentsof CMIP4,

increasinghe numberof cloud diagnosticsn the CMIP4 output,storing3D modelout-
putson modellevels,and3D global elds daily for selectedperiods,

hostingthe CFMIP-2 experimentdogethemwith the CMIP4 archie,

saving somehigh frequeny instantaneoumodeloutputfrom selectedoointlocationsin
CMIP4 andaddingthemto the standardutput.

We alsorequessomeclari cation ontheplansfor 1%/yr CO, andslabexperimentsin CMIP4,
asthis hasimplicationsfor the designof the CFMIP-2 experiments.

We believe thatgrantingtheserequestsvill helpto reducesystemati@rrorsin thesimulationof
cloudsin the present-daglimateandto assesshe credibility of the differentcloud feedbacks
producedby GCMs, makingit easierto assesshereliability of climateprojections.
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1 Intr oduction.

For almosttwo decadesglimate modelshave exhibited a large rangeof climate sensitvities
(estimatediffer by a factorof 2 to 3). Early studiessuggestedhat inter-model differences
in the treatmentof climate feedbacksandof cloud feedbacksn particular werethe primary
reasorfor thisrange(Cessetal. 1989).1t is in this context thatin 2003,the Working Groupon
CoupledModelling (WGCM) of the World Climate ResearciProgram(WCRP)launchedhe
Cloud FeedbackModel IntercomparisorProject(CFMIP) to encouragecoordinatedesearch
in the areaof cloud feedbacksn climate models. To promoteboth systematiccomparisons
of cloudfeedbacksamongclimate modelsandcomparisondetweernmodelcloudsandobser
vations,McAvang andLe Treut (2003) proposecda setof coordinatedatmospheria@and slab
GCM experimentausingthe|ISCCPsimulator(atool thatdiagnosesnodelcloudsin away that
mimics the satelliteview from space,(Klein and Jalob (1999),Webb et al (2001)), that led
to several analyseof cloud feedbacks.(Seehttp://www.cfmip.netfor moreinformation.) In
parallel,intercomparisonsf climatefeedbackgroducedby coupledocean-atmospheraod-
els participatingin the Fourth AssessmenReport(AR4) of the IPCC took placewithin the
framavork of the phase3 of the CoupledModel IntercomparisoriProject(CMIP3, Meehl et al
(2005)),aswell aswithin the frameavork of the low-Latitudecloud feedback<limate Process
Team(CPT, Brethertonetal (2004)). The IPCCAR4 reafrms thelarge spreadn climatesen-
sitivity estimateamongcurrentmodels(Randallet al, 2007). Thanksto the differentprojects
mentionedabove, however, substantiaprogresshasbeenmaderecentlyin our assessmeruf
thedifferentsourcef spreadandin the evaluationof modelledcloudswith satelliteobsena-
tions (seeBony et al (2006)for a review). Yet, thesedifferentactities alsogive us a better
appreciatiorof whereproblemsandchallengesemainin theareaof cloudfeedbackslssuesf
progressandkey remainingproblemsarereviewedbelow. Then,on the basisof theselessons,
we proposeanoutline of plansfor the secondohaseof CFMIP,

1.1 Areasof progress.

SeveralstudieqForsterandTaylor (2006),Ringeretal (2006),SoderandHeld (2006),Webbet
al (2006),Winton (2006)) have diagnosedjlobal climatesensitvities andfeedbacksn alarge
ensembleof GCMs participatingin the AR4. Although the radiatve forcing estimatesalcu-
latedby modelssubstantiallydiffer (Collins etal, 2006),inter-modeldifferencesn cloudfeed-
backsstill constitutethe main sourceof spreadof equilibrium climatesensitvity estimatesas
well astransientlimaterespons@stimategDufresneandBony, in preparation)New method-
ologiesof feedbackanalysissuggesthatthe responsesf all typesof cloudscontrituteto this
spread,with a dominantrole of inte-model differencesin the responseof low-level clouds
(Bony andDufresng(2005),Webbet al (2006),Wyantetal (2006),Medeiroset al (submitted),
Williams and Tselioudis(2007))(seefor exampleFig. 2.) Model-to-satelliteapproachessing
the ISCCPsimulator(Klein andJalob (1999),Webbet al (2001),Zhangetal (2005)),andnewv
compositingmethodologie®f model-datacomparisorstratifying cloud propertiesn dynami-
calregimes(Williams etal (2003),Bony etal (2004),Williams etal (2006),Wyantetal (2006))
or cloud clusters(Jalob and Tselioudis(2003), Rossav et al (2005), Williams et al (2005),
Williams andTselioudis(2007))have pointedout somesystematidiasesn the simulationby
GCMs of meancloud propertiesandthe responsef cloudsto changingervironmentalcondi-
tions. For instance most GCMs underestimatéhe occurrenceof low-level cloudsand over-
estimatethat of optically thick clouds(Zhanget al, 2005),indicatingthat agreemenbetween
modelledandobsenred cloud radiative forcing at the top of the atmospherés dueto compen-



satingerrorsin the simulatedvertical structureof cloud fractionandcloud water Also, it has
beenestablishedhatvirtually all coupledmodelsunderestimatéhesensitvity of theshortwave
cloudradiatwve forcing to interannualSSTchangesn suppressedynamicalregimespredomi-
nantly coveredby low-level clouds(Bony andDufresne 2005). Someof theseapproachesan
be usedasthebasisfor climatemetricswhich, if appliedwidely, have the potentialto constrain
cloud-climatefeedbacks.

1.2 Remaining problemsand challenges.

Recentintercomparisorstudieshave thusidenti ed dominantsourcesof uncertaintyin model
estimatesf climate sensitvity and cloud feedbacks.Thesesuggestsomepriorities for how
obsenationsmight be usedto evaluatesomecomponentf cloud feedbacksand point out
somephysical processeshat should be betterunderstoodand evaluatedin climate models.
However, thefollowing problemsandchallengesemain:

1. Theadwentof the CMIP3/AR4 databaseneanshatmodelsarenow facedwith increas-
ing levels of scrutiry from a wide rangeof analystsand analyticaltechniques.In the
caseof clouds,modellersneedtoolswhich allow themto tracesystematierrorsbackto
the physicalschemesesponsibldor them. Standardutputfrom CMIP3 only supports
guantitatve evaluationof modelcloudsusingtwo-dimensionabkatelliteobsenationsof
radiatve ux es(eg ERBE)andtotal cloud fraction (e.g. ISCCP) The ISCCPsimulator
canbe usedto quantify errorsin the prevalenceof differencecloudtypes,the heightsof
their topsandtheir optical propertieswhich remainascompensatingerrorsin models'
controlsimulationsafter tuning, underminingtheir credibility. Evaluationof multi-level
informationon cloudsandprecipitation(with moreinformationon low level cloudspre-
viously obscuredy thoseabove)will bealsopossiblan thenearfuturewith thearrival of
new obsenationsfrom space-borneadarandlidar (CloudSatandCALIPSO)in synegy
with otherinstrumentdrom the A-Train constellatiorof satellitegStephengtal, 2002).
Until simulatorsbecomewidely usedto quantify errorsin models' clouds(both in the
assessmerand developmentprocess)compensatingrrorswill continueto undermine
the credibility of models.

2. Projectssuchas GEWEX/GCSSaim at evaluatingandimproving the representatiomf
cloudprocesses large-scalenodels.However, it is still unclearow modellingassump-
tionsin theparametrizatioof cloud,boundarylayerandcorvective processeaffecttheir
responseto climatechange Corverselyif we betterunderstangvhich processearecrit-
ical for climatechangecloudfeedbackge.g.thetransitionbetweerdifferentcloudtypes,
entrainmenanddetrainmenprocessegeometricathicknesscloudphasechangesetc),
parametrizatiorefforts may be focusedmore directly on betterrepresentatiomf those
particularprocessesThis suggestshatbottom-upandtop-dovn approachewill bemore
effective if appliedtogetheythrougha closercollaborationbetweenrGEWEX/GCSSand
CFMIP actuities.

3. Low-level cloudsarethe primary contritutorsto inter-modeldifferencesn cloud feed-
backs(with othercloudtypesmakinga secondanyut still signi cant contribution.) Why
do modelspredict suchdifferentlow-cloud responsesurtheranalysisis requiredto
addresghis questionanddeterminewhich arethe key processeghat determinethe sign
and magnitudeof cloud-climatefeedbacks.For suchprocessstudies,it is necessaryo
revisit the list (andthe frequeng) of cloud diagnosticghat arerequiredin coordinated



modelexperimentgo supporta betterunderstanding@f the physicalcloud-climatefeed-

backmechanismsperatingn them. It is alsonecessario designcloud-climatefeedback
experimentdfor global climate modelsandsingle columnmodels)which arerelatvely

inexpensve to run, to form the basisfor exploratorysensitvity experimentsandto test
hypotheseselatingto differentfeedbackmechanism models.

4. GCMsexhibit abroadrangeof cloudfeedbacksn climatechangeandthey cannotall be
right. Despitenumerousmodel-datacomparisonsandthe developmentof nev method-
ologiesof analysisand evaluationof cloud feedbacksit is still unknovn which of the
modelcloudfeedbacksarethe mostcredible.lt is possiblethatcloud feedbacksn some
modelsareunintendedtonsequencesf the modellingassumptionghatgo into them,for
instancewhereparametrizationgxploit empirical relationshipsbetweenobsened vari-
ableswhich breakdown in the warmerclimate. It is also possiblethat coarsevertical
resolutionleadsto anunsatishctoryrepresentationf boundarylayercloudprocesseand
theirsensitvity to climatechange ThemodellingcommunitythatusesCRMs(CloudRe-
solving Models)andLES (Large Eddy Simulation)modelsis familiar with the study of
cloudprocessem thecontext of present-daglimate,but few CRM/LES studiesfocused
on the analysisof cloudfeedbacksn a climatechangecontext have beencarriedout so
far. For thisreasonandalsobecaus€€CRM/LES modelssimulatecloudsmoreexplicitly
thanGCMs, coordinatedandidealized)climate sensitvity experimentgperformedwith
thesemodelswould allow usto seewhich climatemodelsexhibit feedbackmechanisms
thatcanbereproducedn modelswith fewerassumptions.

1.3 Plansfor CFMIP-2.

Drawing lessondrom pastintercomparisorstudiesof GCM cloud feedbacksrecognizingthe
remainingproblemsandchallengesandlooking to the Fifth AssessmenReport(AR5) of the
IPCC,discussiongor a secondphaseof CFMIP have beenundervay sinceSpring2006. New
coordinatorgook over the projectandstartedto think aboutthe future needsof CFMIP. First,
we expressecdur wish to gatherthe key participantsof the pastCFMIP-1, CMIP3 andCPT
projectsto encouragehe scrutiry of modelsimulationsby a wider community Secondwe
took the initiative to develop a combinedCFMIP ISCCP/CloudSat/CALIPSGimulator (ClI-
CCS)for usein climate models. Third, we expressedour wish to collaborateclosely with
GEWEX/GCSS.Thesedifferentinitiatives were endorsedoy WGCM following their Victo-
ria meetingin SeptembeR006!, and by the GEWEX SSG panel (supportingour plan for
GCSS-CFMIPcollaboration February2007 GEWEX Newslette?.) We organizedaninterna-
tional CFMIP workshopat LMD/IPSL in Parison April 2007 (held jointly with the European
ENSEMBLES? project)to discusstheseplansfurtherandlay the foundationsfor a CFMIP-2
proposal.To strengtherthelinks betweerCFMIP, GCSSandthe US CPT community we have
invited nev membergo join the CFMIP coordinationcommittee. This is now madeup of:
Mark Webb,Met Of ce Hadley Centre(leadcoordinator) SandrineBony, LMD/IPSL, Geoge
Tselioudis,NASA GISSandChrisBretherton,U. Washington(joint coordinatorsandBryant
McAvang (projectadviser)

Themainobjectvesandcomponent®f the CFMIP-2 stratgy areillustratedin Fig. 1. The
mainobjectve of CFMIP-2is to make, by thetime of the AR5, animprovedassessmenmf cli-
matechangecloud feedbacksy makingprogressn our understandingf cloud-climatefeed-

Iseemeetingsummaryat http://www.clivar.org/organization/wgcm/wgem. ghp
2seehttp://www.gevex.org/Feb20a .pdf
3seehttp://ensembles-eu.mefiofe.com/



backprocesseandin our evaluationof cloud propertiesandbehaiour usingobsenations.To
achieve theseobjectves,we plan:

to develop,maintainanddistributeto the modellinggroupstoolsfor evaluatingmodelled
cloudsusing satellite products. This includesin particulara CFMIP ISCCP/CloudSat/
CALIPSO simulator(CICCS),clusteringsoftware,anduserfriendly subsetof satellite
data.An importantconditionfor the successfutlevelopmenof cloud-climatemetricsfor
AR5 is for CMIP4 to requirethe ISCCPsimulatoroutputas standardandfor simula-
tionsberun using CICCSwherepossible.(Modelling groupsmay put CICCSinto their
models,or runit "of ine” locally andprovide the outputto the CMIP4 database).

to runshortatmosphere-onlZFMIP-2experimentdn parallelto CMIP4, suitablefor di-
agnosingCO, forcingandcloudfeedbackandtheinteractiondbetweerthem)in corven-
tional climate modelsandin global cloud resolving/supeparametrizednodels. These
will include CICCS as standard,and additional diagnosticsto supporta betterunder
standingof cloud-climatefeedbackmechanismgpoint diagnosticsand cloud tendeng
terms.) They will form the basisfor sensitvity experimentsto establishthe impact of
variousphysicalprocessesn cloudfeedbacktesthypothesesn variouscloudfeedback
mechanism®peratingin climate models,or assesshe impactof vertical resolutionon
low cloudfeedbackandclimatesensitvity.

to develop closecollaborationwith GEWEX/GCSSo enrichanddeeperthe analysisof
cloudfeedbackprocessesn GCMs,to comparethe cloud feedbackprocessein GCMs
andin CRMs/LESmodelswithin the contet of idealizedclimate changeexperiments,
andto exploretherelationshigetweercloudmodellingassumptionandcloudfeedbacks
in GCMs.

to developtheanalysisof GCM simulationsby enhancinghe communitythatscrutinizes
thesimulationsandby increasinghenumberandthefrequeng of clouddiagnosticsFor
thispurposeCFMIPwill analysesimulationdrom coupledmodelsthatwill beperformed
within CMIP4, andwe will make recommendationsn cloud diagnosticso the CMIP
panel.

Thesdlifferentactionsaredetailedbelow. Section2 describesurourplansfor thedevelopment
of cloud simulatorsandtheir usein modeldevelopmentandevaluation(includingthe develop-
ment of metrics.) Section3 describesour plansfor gaininga betterunderstandingf cloud
feedbacknechanismshroughthe useof additionaldiagnosticandlightweightclimatemodel
experiments.Section4 describeur plansfor assessinghe credibility of cloud-climatefeed-
backmechanism climatemodelsthroughCFMIP-GCScollaboration.Sections detailsour
recommendationfor cloudrelatedstandardutputsfrom CMIP4 and CFMIP-2 experiments.

2 Evaluation of cloudssimulated by climate models

CFMIP-2will continueto developtechniquesndtoolsfor evaluatingmodelledcloud-climate
feedbacksausing satellite products. Currentefforts in this areaare mainly focusedon devel-
opmentof the CFMIP ISCCP/CloudSatCALIPSO Simulator(CICCS),someminor enhance-
mentsto the ISCCPsimulator andthe developmentandapplicationof cloud-climatefeedback
evaluationtechniquesandmetricsbasedon comparisonsvith ISCCPandCloudSat/CALIPSO
datausingthesesimulators.



2.1 ISCCP simulator development

ThelSCCPsimulatordiagnosticsverecentralto CFMIP-1andfeaturedn a numberof studies
(seeintroduction).CFMIP-1dataarenow availablevia the PCMDI dataportal,andmoredaily
datais still comingin from variousmodelling groups(seehttp://www.cfmip.netfor details).
Five yearsof daily ISCCP simulatoroutput were requestedor the control and equilibrium
CFMIP-1slabexperiments.Thesewereusedto evaluatethe present-dawimulationof cloudi-
nessandto estimatethe impactof systematicerrorsin the control simulationson inter-model
spreadn climatesensitvity by applyinga cloudclusteringtechniqueo identify cloudregimes
(Williams and Tselioudis,2007). For example,characteristicof the tropical stratocumulus
regime arefoundto vary considerabl\betweenGCMsin the simulationof the present-dagli-
mate(seeFig. 3). Severalmodelssimulatethis regime with cloudwhich is too optically thick
leadingto incorrectradiative propertiesandthe frequeny of the regime differs dramatically
betweerthemodelsanalysedThesesortsof errorsunderminghecredibility of climatemodels,
but the useof simulatorsaspartof the modeldevelopmentprocesscanhelpto tamgetefforts on
the physicalschemesesponsibleWilliams andTselioudis(2007)arguethateliminatingthese
errorswould potentiallyreducethe spreadn climate sensitvity by onethird in the six model
versionsanalysed.

The simulatoris currentlybeingadaptedo save three'lightweight' diagnosticqgrid-box
meanlSCCPcloud occurrenceg¢loudtop pressureandoptical depth)to sene asanalternatve
to the 49 cloud typescurrentlyin use. This will allow clusteringtechniquego be appliedfor
longerperiodsandto awider rangeof experimentsn thefuture. A new releaseof the simulator
is plannedor usein CMIP4 andCFMIP-2,whichwill includetheabove diagnosticsaswell as
amoreaccuratealgorithmfor diagnosingcloudtop pressureandanimproved pseudo-random
numbergeneratar The work involved for modellingcentresto upgradeto the new releaseof
the ISCCPsimulatorwill be muchsmallerthanthe work thatwasrequiredto install it initially
(this hasalreadybeendonein the Hadley Centremodel). (Keith Williams, Mark Webb (Met
Of ce Hadley Centre) Steve Klein (LLNL))

2.2 CFMIP ISCCP/CloudSat/CALIPSO simulator (CICCS) development

The CloudSatand CALIPSO spaceborneloud pro ling radarandlidar instrumentsn the A-
Trainconstellatiorof satellitesareproviding new informationon cloudsandtheir verticalstruc-
ture (e.g. Winker et al (GEWEX news Nov 20064 , Zhanget al (2007).) The main goalsof
the CloudSatand CALIPSO missions(which shouldleadto improved weatherpredictionand
understandingf climatic processesareto measureaheverticalstructureof cloudsandprecip-
itationin the atmosphereto quantify cloudice andwatercontentsto quantifytherelationship
betweercloudpro les andradiatve heatingandto improve the understandingf aerosolindi-
recteffectson cloudsandprecipitation.

Althoughactive sensorseemoreof the 3D structureof cloudsthancanbe seerby passve
sensorsthe effectsof instrumentsensitvity andattenuatiorby cloudsand precipitationmean
thatnot all cloudsaredetected For this reasonCloudSatand CALIPSO simulatorsarebeing
developedto supportquantitatve ' like with like' evaluationof modeloutputwith CloudSatand
CALIPSO data(e.g. (Hayneset al, in press),Chepferet al (submitted).) CICCS,whichis
beingdevelopedto supportconsistentomparisonsvith ISCCR CloudSatand CALIPSO data
acroslimatemodelswill be madeup of anumberof modules:

1. The rst versionof the CICCSinfrastructurdayerwasreleasedn November2006. This

4seehttp://www.gevex.org/Nov2006.pdf p4



includesthe ISCCPsimulatorsubgridcloud overlap module (SCOPS)and a prototype
radarre ectivity code(AlejandroBodas-Salcedadyiet Of ce Hadley Centre.)

2. TheQuickBeanradarre ectivity codedevelopedat CSU,PNNL/UW (JohnHaynesRoj
Marchand)hasbeenadaptedo plug in to CICCS (August2007, Yuying Zhang, Stere
Klein LLNL)

3. A lidar re ectivity code(ACTSIM) hasbeendevelopedby IPSL/LMD (Chiriaco,Chep-
fer, Bony, Dufresne)andis currentlybeingadaptedo plugin to the CICCSframenork
(AlejandroBodas-Salcedo).

4. A subgridprecipitationoverlapmoduleis beingdevelopedby Yuying Zhang,Steve Klein
andAlejandroBodas-Salcedo.

5. Post-processingnodulesto simulatethe CloudSatcloud/hydrometeomaskandto pro-
ducestatisticalsummariesuchasCloud Frequeng Altitude Diagrams(CFADS) arein
developmentat LLNL and LMD/IPSL (e.g. seeFig. 4). Joint CloudSat/CALIPSO
simulatorsummariesare alsoenvisagedandwill be basedon forthcomingjoint Cloud-
Sat/CALIPSOproductsvhenthey becomeavailable.

6. ThelSCCPsimulatorwill alsobe providedasa modulewithin CICCSto avoid theover-
headof pluggingtwo simulatorsinto the samemodel separately (Mark Webb, Keith
Williams)

Somepreliminarycomparison®f simulatoroutputwith CloudSatandCALIPSOareshowvn in
Figs.5and7.

Fig. 5 shavs atransecthrougha mid-latitudedepressiornin the North Atlantic on July 7th,
2006. The upperpanelshaws the resultsof the CloudSatsimulatorappliedto the outputof
the UK Met Of ce globalforecastmodel,which hasa horizontalresolutionof approximately
40 km at mid latitudes. It shawvs the radarre ectivities computedat sub-gridscale,with 20
subcolumnger gridbox, which givesan effective resolutionsimilar to the obsenations. The
contourlinesin this panelareisothermsthe solid line denotingthefreezinglevel. Theimpact
of corvective precipitationcanbe clearly obsered asit is concentratedn a small numberof
subcolumnswhereaghe boxesdominatedby large-scalecloud are more homogeneousThe
lower panelshows the radarre ectivity from CloudSat(dBZ). The obsenationsshov a more
homogeneoustructurewith lesssub-gridscalevariability thansimulatedoy the GCM.

An examplecomparisorof the threedimensionabistribution of the cloudfractionderived
from CALIPSO obsenationsand from the LMD/IPSL GCM is shawn in Fig. 7. Modelled
atmospheri@ro les have beencorvertedto anensemblef subgrid-scalattenuatedackscat-
ter lidar signalsfrom which a cloud fraction has beenderived using a proceduresimilar to
thatusedto deducea cloud fractionfrom CALIPSO lidar signals. The comparisorpointsout
the underestimatéoverestimatepy the GCM of the predictedow-level cloudinessn tropical
(extra-tropical respectrely) regions.

Pilot studiesareplannedto demonstrat¢he useof CICCSwith a smallnumberof GCMs.
Onepartof thiswill beto build CICCSinto the Met Of ce Hadley Centre LMD/IPSL, GFDL
andNCAR modelsto run'in line', asis now the casefor the ISCCPsimulatorin mostGCMs.
The codehasbeenvectorizedwith this in mind. For CMIP4 and CFMIP-2, modellinggroups
will be encouragedo run the simulatorin line, or to run off line locally. Thisis preferableto
runningthe simulatorcentrally asit allows its useas part of the modeldevelopmentprocess
aswell asfor modelinter-comparison.The feasibility of runningthe simulatorlocally of ine
usingdaily meanedr time samplednstantaneousiodeloutputswill alsobeassessed.
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LMD/IPSL will coordinatea pilot modelinter-comparisorstudyusingthelidar component
of CICCS.The Met Of ce Hadley Centrewill coordinatea pilot CloudSatsimulatormodel
intercomparisorpilot study A possibleCICCS pilot intercomparisorusing climate models
in forecastmodeis alsounderdiscussionwhich could pave the way for the adoptionof the
approachis projectssuchastransposeAMIP/CAPT (Phillips et al, 2004). It is hopedthata
completeprototypebetaversionof CICCSwill bereleasedy the endof 2007, with the rst
productionversion available mid-2008for usein CMIP4/CFMIP-2. The ISCCP moduleis
expectedo beincludedin the productionreleasébut notthe betarelease.

2.3 Developmentof metrics relevant to cloud-climate feedback.

In recentyearsmetricshave beenproposedor assessintherelative quality of differentclimate
modelscomparedo obsenationaldatasetsMany of these(e.g. Murphy et al (2004),Reichler
andKim (submitted),Sexton et al (in preparation)arebasedon climatologicalvariablesand
do not take adwvantageof the compositingtechniquesdescribedabove. As part of CFMIP-2
we plan to develop cloud-climatemetricswhich use monthly and daily cloud diagnosticso
more effectively target the cloud feedbackprocessesinderstoodo contribute mostto current
uncertaintieclimate model sensitvity. An exampleof this approachis illustratedin Fig. 6
andTablel1. Fig. 6 is takenfrom Williams et al (2006) and shaows that presentday spatio-
temporalcompositesancapturesomeaspectof the cloud-climatefeedback/respongmattern
in climatemodels.Tablel shavsthatametricbasednthiscompositingnethodtendsto favour
highersensitvity models(consistentvith the ndings of Bony andDufresng(2005).)However,
metricsbasedon 2D radiatve ux eswill notpenalisemodelsthatgetplausiblevaluesof cloud
radiatve forcing with compensatingrrorsin cloud fraction, cloud optical depth,etc. Newer
approache®asedon simulatoroutputshav the potentialto provide strongerconstraintson
cloud-climatefeedbacksn models. Williams and Tselioudis(2007) argue that metricsbased
on the clusteringapproach(seeFig. 3) have the potentialto reducethe inte-modelspreadn
climatesensitvity by athird. However, a necessarpre-requisitdor thisis theinclusionof the
ISCCPsimulatorasstandardn awide rangeof models.This not only supportghe calculation
of metrics,but givesawealthof informationthatcanbeusedin themodeldevelopmentprocess
to remove compensatingrrorsandimprove the credibility of the models'cloud simulationsin
thelongerterm.

Thedevelopmenof cloud-climatefeedbacknetricsis onepartof awideractiity to develop
metricsto assessll aspectof climate modelsperformance.This topic was discussedat the
Paris meetingin a presentatiorby RobertPincus® anda plenarydiscussionchairedby Karl
Taylor and RobertPincus®. A sessioron metricsis plannedfor the PAN-GCSSmeetingin
Toulouse June2008.

3 Understanding cloud feedbackmechanisms

CFMIP-1wasmainly concernedvith the evaluationof modelcloudsusingsatellitedata,and
the identi cation of thosecloud regimescontributing mostto the intermodelspreadn cloud
feedbackandclimate sensitvity. CFMIP-2 aimsto build uponthis work, but alsoaimsfor a
betterunderstandingf the differentcloud feedbackmechanismsctingin models. This is to

Sseehttp://cfmip.metofice.com/Pincusgris.pd
6seehttp://cfmip.metofice.com/MetricsRris. pdf



be achieved througha combinationof diagnostictechniquesand'lightweight' climatechange
experiments.

3.1 Instantaneousdiagnosticsat selectedocations.

Dueto the highfrequeng variability of clouds,time averagednodeloutputgivesa fairly lim-
ited pictureof the physicalmechanismsinderlyingcloud simulations.High frequeng, instan-
taneougdiagnosticsarelikely to give moreinsightinto the physicalprocesse®peratingand
theinteractionsetweerthem(e.g. corvective intermitteny andcornvectve/boundaryayerin-
teractions).They alsosupporithe diagnosisof any unphysicalbehaiour relatedto numerical
noise verticaldiscretisatioreffects,etc. An exampleof thisapproachs thehighfrequeny data
saved at selectedpointsby modellinggroupsinvolvedin the US Climate ProcesSfeam(CPT)
onlow latitudecloud feedbacksTwo of thesemodelsshoved very differentcloud simulations
in stratocumulusegionsin spiteof similar valuesof netcloudforcing (seeFig. 8 .)

TheWGNE-GCSSPaci ¢ CrossSectionintercomparisoiGPCl)ledby J. Teixeira(GEWEX
News, Nov 20067) hassaved high frequeng cloud diagnostic§rom twenty NWP andclimate
modelsalonga sectionsamplingthe stratocumulusegime off the coastof California,the shal-
low cumulusto the southwestandthe deepcorvectionin the ITCZ (aswell asthetransitions
betweenthem). Differencesn the meanstate,variability and diurnal cycle of cloudinessn
thesemodelsin the presentlimatearebeingexamined(seethe projectwebsite® or JoaoTeix-
eira's presentatiorirom the Paris meeting®.) For example,Fig. 9 shavs a comparisorof the
diurnal cycle in cloud cover alongthe GPCI for threemodels,which canbe evaluatedusing
ISCCPdata(not showvn.) To betterunderstanaloud-climatefeedbackmechanismén climate
models,we proposethathigh frequeng instantaneousloud datashouldbe sared at represen-
tativelocationsaroundthe globein presentiayandclimatechangesxperimentfor CMIP4 and
CFMIP-2. Thesediagnosticawill give a clearermpictureof therelationshipsbetweercloudvari-
ables(e.g.cloudwater cloudfraction)andenvironmentalvariableg humidity, stability, vertical
velocity, etc), of corvective/boundaryaterinteractionsandof the diurnal cycle of cloudiness
in modelsandits impacton cloudfeedback.

Work is currentlyundervay to identify arepresentatie setof locations(seeFig. 10). Likely
candidatesofarincludethe GPCllocations the selectionof pointssaved by the CPT (includ-
ing ARM sites, oceanweathershipsand buoys), selectedocationsassociatedvith relevant
obsenational eld campaignge.g. VOCALS, Wood et al (2007))anda setof locationscho-
sento samplethe rangeof inter-modelspreadin low-cloud feedbacksn climate models. To
make GCM dataaccessibldo the 'process'community the GEWEX SSGrecommendethat
this datashouldbe mirroredat the GCSS-DIMEsite alongsideobsenationaldatain a consis-
tentform. (Seealsodiscussionn section4.) (JoaoTeixeira, Geoge Tselioudis,Mark Webb,
SandrineBony, RobWood)

3.2 Analysis of cloud tendencyterms

We planto usecloud condensatéendenyg diagnosticYCCTD) to gaininsightinto the physi-
cal mechanismsesponsibldor cloud feedbacksn the CFMIP-2 experiments.This technique
hasbeenusedto understandhe mid-latitude mixed-phasdeedbacksn differentversionsof
the MIROC 3.2 model (Oguraat 2007). A pilot modelinter-comparisorstudy hasalsobeen

’seehttp://www.gevex.org/Nov2006.pdf p17
8seehttp://www.igidl.ul.pt/cgul/projects/gpcitm for details
9seehttp://cfmip.metofice.com/RixeiraRaris. pdf



performedwith the MIROC 3.2 modelandthe HadGEM1versionof the Met Of ce Hadley
CentreModel. Fig. 11 shavs temporalcorrelationsbetweenthe cloud condensateesponse
to increasingCO, andthe CCTD termsfor HadGEM1and MIROCS3.2. Positve valuesindi-
catea positive correlationwith increasingcloud condensatewhile negative valuesindicatea
positive correlationwith decreasingondensatel he condensations@aporatioranddeposition-
sublimationprocesseslominatethe cloud responsen HadGEM1(Figs. 11(a)and11(c)). In
MIROC3.2,mostof the cloud responseatternis relatedto the condensationyaporationterm
(Fig. 11(d)). However, the ice sedimentatiorterm also shows a considerablempacton the
mixedphasecloudincreasgFig. 11(e)).(Oguraetal, submitted?)

A pilot studywith ECHAM5 andHadGEM2+PC2a new cloud schemewith prognostic
condensatandcloudfraction)hasbeenperformedo usethistechniqueo examinesub-tropical
low cloudfeedbackmechanismg SSTforcedexperiments Analysisof HadGEM2/PCzlong
theGCSSPaci ¢ CrossSectionshavsevidencefor positvefeedbackn large-scalesub-tropical
low clouds,with reducedcondensatiofrom cloudtop coolingdominatingnearerthe coast but
reduceddetrainmenfrom shallav corvectiondominatingfurtherwest!!. It is plannedo extend
this studyto includeresultsfrom the MIROC model. ( Mark Webb, Johannefuaas,Tomoo
Ogura)

3.3 Alightweight experimentalframework for studying cloud-climatefeed-
backs

At the Paris meeting,a working groupled by Mark Ringer (Met Of ce Hadley Centre)and
Brian Soden(U. Miami) discusse@ndmaderecommendationf®r the experimentaldesignfor
CFMIP-2experiments.Thefull recommendationareavailableon the CFMIP website.A brief
summaryis givenhere.

To complementhe CMIP4 experiments,a setof parallel CFMIP-2 experimentsare pro-
posed.Theseareshorter SSTforcedatmospherenly experimentsvith morediagnosticsele-
vantto cloudfeedbackprocessesThis'lightweight' experimentaldesignwill alsosupportthe
inter-comparisorof corventionalclimate modelswith global cloud resolvingmodelssuchas
the NICAM 12 andCAM-SP 13, which arepresentlytoo expensve to runasAOGCMSs.

Thefollowing setof CFMIP-2'reference'experimentss proposed:

1. An AMIP-lik e experimentrunningfrom the startof the ERBE dataperiod(1985- date)
including the CloudSat/CALIPSCera. This experimentwill include all the CFMIP-2
diagnosticqseesection5.2) andwill form the basisfor evaluationagainstsatellitedata
usingthe simulators andstudiegelatingcloudclimatefeedbackgo interannualariabil-

ity.

2. A controlexperimentforcedwith a climatologicalobsened SSTsandseaice (asalready
provided by PCMDI) to form the basisfor SST forced climate changeexperimentsand
CO, forcing diagnosisexperiments.

3. A patternedsSTforcedclimatechangeaxperiment. Thiswill bebasedn 2) above, with
anSSTperturbatiomatternbasecdn a compositeof coupledmodelSSTresponsetaken
from 1% coupledmodelexperimentsattime of CO, doubling,asdevelopedby the CPT

Oseealsohttp://cfmip.metofice.com/OguaParis. mif
Hseenttp://cfmip.metofice.com/WebbSensitiityParis. mif
125eehttp://cfmip.metofice.com/Tsushimadis. mif
Bseehttp://cfmip.metofice.com/KhairowdinovParis. if



(Wyantet al, 2006). Although theseexperimentsare not expectedto reproduceexactly
the global meancloud feedbacksasin a coupledexperimentor slab experiments they
areexpectedo explorethe samerangeof cloudfeedbackprocessefWyantet al (2006),
Ringeretal (2006)).

4. An experimentwhereCQO, is doubledwhile SSTsremain x ed (Hansenmethodbased
on 2)) will be usedto estimatethe CO, forcing including the effectsof ary rapid cloud
responsefd changesn atmospheristructurein responséo CO, doubling. Gregory and
Webb (2007) have shavn that a signi cant fraction of the intermodelspreadin cloud
‘feedback’in slabmodelsoccursshortly after CO, doubling,andis notin factrelatedto
the globalmeansurfacetemperatureéesponseThe combinationof SSTandCO, forced
experimentswill allow thesetwo aspect®f cloud'feedback'to be separatelyuanti ed.

5. SomeotherexperimentsverealsoproposedattheParisworkshop.The rst wasanexper
imentwhereCGO, levelsin 3) are'tuned'to bring the systeminto radiatve balance.This
would allow any nonlinearinteractionsbetween3) and4) to be examined. The second
wastheaquaplanetlimatechangeaxperimentdescribedn Medierosetal 2007 (submit-
ted). Our recommendatiois thattheseshouldremainoutsidethe scopeof CFMIP, but
thata commonexperimentaldesignshouldbe agreedsothatinterestednodellinggroups
cancompareaesultsif they wish.

6. Slabmodelexperimentswerenot recommendedor CFMIP-2, becausef the technical
dif culties thatmodellingcentreshave hadgettinga consistentepresentationf seaice
in slaband coupledmodelversions. The majority view at the Paris meetingwasthat if
CMIP4runs1% experimentawith suitablecloudoutput,thentheseshouldbesufcient to
track the evolution of the effective climatesensitvity betweenthe AR4 and AR5 model
versionsandto asses#ocally coupledcloud/SSTinteractions (Notethattheeffective cli-
matesensitvity (Murphy, 1995)estimateshe eventualequilibriumresponsef acoupled
modelandis largely independendf oceanheatuptale rate.) However, theserecommen-
dationsfor the CFMIP-2 experimentaldesignwould needto berevisitedif 1% andslab
experimentsverenotto berunin CMIP4.

3.4 Sensitvity experiments

The lightweight natureof theseexperimentanakesthe prospeciof runningsensitvity experi-
mentsmoreattractie. Varioustypesof sensitvity experimentsarepossible; thefollowing are
currentlyunderconsideration.

First, modellinggroupsmaywish to assesshe impactthatperturbingkey modelprocesses
have on the cloud feedbacksn their models. An exampleof this approachwasdemonstrated
in Pier Siebesma presentatiomt the Parismeeting*4, andis the basisfor probabilisticclimate
predictionssuchasMurphy etal (2004)

Second,sensitvity experimentsmay be usedto test hypotheseshat are madeaboutthe
physicalmechanismsesponsibldor cloud feedbacksn models. For example,reductionsin
shallov corvective detrainmentand longwave cloud top cooling were proposedas potential
cause®f subtropicakloudreductionsat the Parismeeting(seesection3.2). Thesehypotheses
couldbetestedn sensitvity experimentsvherethe proposedeedbackoopsarecut.

Third, modellinggroupscouldassessheimpactof increasingooundarylayerresolutionon
the cloud feedbacksn their models. SCM/CRM comparisongrom DYCOMS Il shov SCMs

Yseenttp://cfmip.metofice.com/Siebesmaiis.pd
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to comparemorefavourablywith CRM resultswhenverticalresolutionis increasedseeWyant
etal (in press),andAdrian Lock's Paris presentatiod? ) If the fundamentatharactemf the
cloudfeedbackmechanisnoperatingn a modelchangesvhenverticalresolutionis increased,
thenthis raisesquestionsaboutits validity atthelowerresolution.

For mary of thesesensitvity experimentsmodellinggroupsmayfeelit necessaryo retune
their modelsto maintaina neutralenegy balancein the presentday simulation. This may be
doneusingtheusualproceduregpr alternatvely by applyinga globalscalingfactorto thecloud
fraction seenby theradiationscheme.The latterapproachmay well have alessunpredictable
effecton the cloudfeedbackandwould alsobelesswork thantheformer.

Giventhe potentiallylarge numberof sensitvity experimentghatarepossiblejt would not
be feasibleto arrangea coordinatednter-comparison/dataxchangeexercisefor all of them.
The vertical resolutionsensitvity experimentswould probablybe the strongestcandidatefor
a coordinatednter-comparisonasthe rst two optionswould be approachedlifferently from
modelto model. Theseoptionsare currentlybeingexploredaspartof a pilot studyinvolving
the Met Of ce Hadley Centre,MP1 andMIROC models. ( Mark Webb, Johannefuaasand
TomooOgura.)

4 Assessinghe credibility of modelfeedbacks CFMIP-GCSS
collaboration

In recentyearsthe aimsof CFMIP andthe GEWEX Cloud SystemStudy(GCSS)have shavn
increasingverlap.As CFMIP-2focusesnoreonunderstandingndassessinthecredibility of
cloudfeedbackmechanism climatemodels therearebene tsto comparingwith modelsthat
resolhe cloud feedbackprocessesmoreexplicitly. CRMsandLES modelscangive morecon-
sistentlyplausiblesimulationghanSingleColumnModel (SCM) versionsof NWP andclimate
modelsgiventhesameforcings(e.g.Brown etal (2002)cf Lenderinketal (2004).) Thesehave
beenroutinely usedby GCSSWorking Groupsto simulatecloud systemsn presentday case
studymode,for comparisorwith SCMsand eld obsenations. However, despitethe explicit
mandateof GCSSto improve cloud representatioin climate models,GCSScasestudiesdo
not routinely examinethelarge-scalecontext andthe climatemodelrelevanceof the simulated
cloud systems. This contect canbe provided by CFMIP, which not only documentsclimate
modelcloud-typede cienciesbut alsoassessetheir impacton modelclimate sensitvity and
its interr-modelspread.This synegy led to thedecisionto organizea working groupat the Paris
meetingto explorepracticalroutesfor a CFMIP/GCS&collaboration(led by Pier Siebesmand
GeogeTselioudis.)

The outcomeof the sessiorwasa setof recommendationto CFMIP and GCSSon future
collaborationthat both extendsthe scopeof existing CFMIP andGCSSinitiativesto betterad-
dresscommonissuesandproposesew initiativesto integrateresearcltomponent®f thetwo
projects(seethe working group summariesat www.cfmip.net.) Drawing on theserecommen-
dations(andsubsequendiscussions)we proposehe following planfor future CFMIP-GCSS
collaboration.

15seehttp://cfmip.metofice.com/LockRis. pdf
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4.1 Derivation and storing of high frequencydiagnosticsfrom selected
locationsin the CFMIP-2 and CMIP4 experiments.

Theplanis to selecta setof pointsaroundthe globewhich samplethe rangeof cloud-climate
model feedbackamportantfor climate sensitvity (e.g. the GPCI, seesection3.1). These
will give a clearerpictureof the cloudfeedbackmechanismgperatingin climatemodels,and
will make it possibleto drav on the expertiseof the GCSScommunitywhenassessingheir

credibility. They will alsoinform thefuture designof cloud-climatefeedbackCRM/LES/SCM
studiesby the GCSScommunity(seebelow). Oneadditionalconsideratiorns the selectionof

grid pointsthatfall within thedomainof previousor upcoming eld experimentsandthathave

formedthebasisof previousor ongoingGCSScasestudies.Thiswill makeit possibleto make

useof both detailed eld study obsenationsand alreadyexisting GCSSmodel experiments.
Discussiondor the selectionof the optimal set of grid pointsto be extractedfrom climate
modelsare ongoing. The resultingmodeldatasevill be storedat the GCSS-DIMEweb site

alongwith obsenationaldatafor the samesetof grid points. Thosedatasetsvill form thebasis
for future individual and group studiesof cloud feedbackprocesses(JoaoTeixeira, Geoge

TseliousdisMark Webb,Chris Bretherton RobWood, SandrineBony.)

4.2 CFMIP-GCSS casestudy.

A commonCFMIP-GCSSow cloudfeedbaclkcasestudy suitablefor runningCRM/LES mod-
elsandSCMsis to be organizedby the GCSSBoundaryLayer working groupled by Adrian
Lock. Theaimis to useCRM/LESrunsto explorethe physicalprocesseswolvedin therange
of climatemodelcloudresponsesandto comparehesewith SCM versionsof climatemodels.
A numberof approacheareproposedandthesearesummarizedelow:

A LagrangiammodelexperimentthatincludesCRM, LES, andSCM simulationsalonga
sectionthatencompassebe mainextremesof modelcloudfeedbackvalueswould sene
to investigatehe wide rangeof cloud feedbackprocessesThe GPClis a naturalcandi-
datefor suchanexperiment sincethecrosssectionwasde nedto includethemajortrop-
ical cloudtypesandtheir geographidransitions.However, alternatve cross-sectionare
alsobeingconsideredin orderto bettercapturegherangeof low cloudfeedbackesponses
in theclimatemodels.(Pier SiebesmajoaoTeixeira,Adrian Lock, ChrisBretherton.)

A methodologyfor developingidealizedcloud feedbackcasestudiesfor the sub-tropics
hasbeendevelopedas part of the US CPT (Brethertonet al 2006). For example,an

SCM/LEStradecumulusgtransitioncasewith anidealizedSST/subsidenocgimatechange
forcing (ZhangandBretherton2007)waspresentedy MinghuaZhangattheParismeet-
ing % (seeFig. 12). This caseis currentlybeingrun by groupsat Story Brook (Minghua
Zhang),GFDL (Ming Zhao)andthe Met Of ce (Adrian Lock). The approachhasalso

beenappliedto a stratocumulugaseby CaldwellandBretherton(2007),anda tradecu-

mulus caseis underdevelopmentat the University of Washington(Matt Wyant, Peter
Blossey andChrisBretherton.)

Cloud ResolvingModel (CRM) studiesin an Euleriansetting,for a numberof locations
on the GPCI-crosssection,fed by ECMWF model elds andadwectiontendenciecan
alsoform the basisof a climatefeedbackcasestudy(Kuan-ManXu.)

16seehttp://cfmip.metofice.com/Zhan@aris.pd
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Cloudfeedbackmodelstudiesusinga simpli ed aquaplanetramevork (seeMedeiroset
al, 2007 and his Paris presentatiort’) canalsobe usedto derive forcingsfor idealized
cloudfeedbackcasestudies.

Severalissuegelatedto the set-upof the proposedeedbackstudyarestill underconsidera-
tion. Theseincludewhetherclimatological,idealized,or instantaneouforcing dataareprefer
able,andhow to generatelimatechangdorcingsfor the experimentsvhich arerepresentatie
of thosein the climate models. An importantconcernthat needsto be addresseds the ex-
tentto which theresultsof a somevhatlocalizedfeedbackstudycanbe generalizedo address
global cloudfeedbackssues.Obsenationalcloud clusteringtechniquesuchasthoseusedin
Williams and Tselioudis(2007) can be usedto isolatethe major modesof variability of the
tropicalandsubtropicatloud elds andto testtherepresentatienes®f theregionsselectedor
thecloudfeedbackstudies.(Geoge Tselioudis)

Thesevariousapproachewill bedevelopedin thecomingmonthsandpresenteétthe next
Pan-GCSSmeeting(Toulouse June2008),after which a concretedesignfor a CFMIP-GCSS
casestudyshouldbe selected.

5 Recommendationsfor standard output from CMIP4 and
CFMIP-2.

5.1 CMIP4 and CFMIP-2 Experiments

CFMIP-1requestecaitmosphere—med-layerocean(slab) experimentswith a comprehensie
diagnosticlist aimedat understandingnd evaluating cloud feedback. In parallel, the same
experimentwasrequestedy CMIP3 (IPCCAR4 datacollection)with aslightly differentdiag-
nosticlist. For for CFMIP-2,we proposethatthe CFMIP diagnostiaequirementsreincluded
in the standardCMIP4 (IPCC AR5) requestso thatmodellingcentresareonly requiredto run
theadditionalCFMIP-2experimentsvhich don't form partof the CMIP4 experimentaldesign.
In planningCFMIP-2, it hasbeenassumedhat AMIP, coupledclimate of the 20th century
pre-industriatontroland1%/yealincreasingCO, experimentaisingbasephysicalmodels(i.e.
without carboncycle feedbacksyill againform a principalpartof the CMIP4requestWe will
requestnodellinggroupsto submitdatafrom theproposedCFMIP-2 experimentyseesections
3.3and3.4) atthe sametime (or in advanceof) the deadlinefor submissiorof CMIP4 output.
Giventhat CFMIP-2experimentswill bemuchshortethanCMIP4 experimentq25 or soyears
in length)this will meanthatmodellinggroupscanstartthemlater, giving moretime to setup
ary extradiagnosticgequired.

5.2 Output recommendationdor CMIP4 and CFMIP-2

The CFMIP-2diagnosticecommendationr CMIP4 andCFMIP-2 experimentsaresumma-
rizedin Table2. Therequesteautputsareorganizednto four diagnosticpackagesombined
with a numberof temporalandspatialsamplingoptionsto supporta rangeof analyticaltech-
niquesin the publishedliterature. Eachpackagebuilds uponthe previous one so that studies
usingPackage3 tendto alsorequirePackaged and2. Thepackagesire:

Yseenttp://cfmip.metofice.com/Medeirosiis.pdf
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Packagel: CFMIP-12D elds. Thisis thesameasthe CMIP3tableAlaexceptwith the
additionof 3 x 2D ISCCPsimulator elds (seesection2.1),500hRx verticalvelocity and
temperatur@andhumidity at 700hR (to calculatdower tropospheristability).

Package2: CFMIP-13D elds. Thisis the sameasthe CMIP3 table Alc exceptwith
the additionof the full 4D ISCCPsimulatordiagnosticsasstandard3D cloud amount,
liquid waterandice (total or stratiformand corvective) and corvectve mass ux (sep-
aratedinto shallov anddeepif possible).Most of the non-cloud elds in CMIP3 table
Alc (in whichthe vertical pro le is fairly smoothin the monthly mean)wererequested
on pressurdevels. However, to seethe relationshipsbetweencloud andervironmental
variables(temperaturehumidity, etc) it is necessaryo save all 3D elds at daily and
highertemporalresolutionon modellevels. Sarzing theseon standargressurdevelsonly
would loseinformationon humidity/temperatur@versionswhich canhave a signi cant
impacton the simulationof low level cloudinesge.g. Lock et al (2000).) We therefore
requesthat3D elds beingcollectedby CMIP4 at daily andhighertemporalresolution
aresavedon modellevels. A postprocessingool to corvertthedaily elds to pressure
levelsfor someusersmayalsobenecessary

Package3: CloudSat/CALIPSGsimulatordiagnostics.The exact natureof theseis still
beingdiscussedhowever they arelikely to include statisticalsummariessimilar to the
4D ISCCPsimulatordiagnosticgseefor exampleFig. 4).

Packaged: Cloudtendenyg diagnosticsTheseagive insightinto the processesesponsible
for the differentcloud responsesn GCMs. However, asthey will vary from modelto
modelthe proposalis for thesediagnosticanot to form part of the CMIP4 requestand
will insteadbe con ned to theadditional CFMIP-2 experiments

The numberof additionalvariablesbeingrequestedaver the existing CMIP monthly tablesis

quite small. However, CFMIP-2 alsorequestghesediagnosticsas daily meansand 3 hourly

instantaneoudatafor a selectechumberof grid pointsfrom the CMIP4 experimentgseesec-
tion 3.1). It is recognizedhat this haspotentialto increaserequestediatavolumes,so we

limit theseto particulartime periodsandforcing scenariosTable2 shavs that CFMIP-2is not

requestingary daily or 3 hourly datafrom the CMIP4 scenaricor EarthSystemModel experi-

ments(only from presentdayand1% CO, experimentsyandthatthesedataarerequestedor

limited periodsof no morethan25 yearsin length. Saving 3 hourly dataat sixty or so point

locationsfor a single modelvariableproducesabouthalf asmary datapointsasrequiredfor

an equivalentmonthly meangriddedglobal eld at1.5 resolution. However, thesevariables
would be saved for at most20 years(at equilibrium or time of CO, doubling)so they would

causeat mosta 10% or soincreasean the datavolume producedrom an O(100) CMIP4 year
integration. For the CFMIP-2 experimentsthesedatamay be saved at timestepfrequeng (eg

half hourly.) Many of themodellinggroupstakingpartin CMIP4 have takenpartin the WGNE-

GCSSGPClproject,andso alreadyhave experienceof submittingpoint diagnosticio model
inter-comparisorprojects.

The standarcbutputrequestedy CMIP3 wassplit into "higher priority' and'lower prior-
ity' catgyories. The ISCCPsimulatoroutputwasin the 'lower priority' cateyory. In practice,
mary modellingcentreschosenotto submit' lower priority' output.Only onemodellinggroup
submitted SCCPsimulatoroutputto CMIP3, eventhoughmary of the samegroupssubmitted
simulatoroutputto CFMIP (for which it wasmandatory)uringthe sameperiod. As modelling
groupsarein practicefreeto submiton not submitwhatever outputthey wish, we requesthat
ary suchseparations avoidedin the CMIP4 requesif atall possible.
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Table 2 was developedat the joint CFMIP/ENSEMBLESmeeting(Paris, 2007) during a
break-ougroupleadby KeithWilliams (Met Of ce) andKarl Taylor(PCMDI). Representates
from mary modellingcentreswere presentfogethemwith mary of thosewho arelikely to use
thedata. The groupwassatis ed thatthe additionaldiagnosticandsamplingproposedvould
bevaluableif adoptedaspartof the CMIP4 requestWe will continueto work with modelling
centredo illustratethebene tsof thenew diagnosticandencourageheirinclusionandwe are
requestinghVGCM's supportfor adoptingthe diagnosticrequirement®utlinedabove into the
standardCMIP4 request.

5.3 Data managementissues

Cloud diagnostican CMIP4 are expectedto be hostedas part of the dataservingstratgy in
placefor AR5, presumablycoordinatedoy PCMDI. CFMIP-2will deliver the greatesbene t
to the scienti c communityif its experimentscanbe madeavailablevia the sameroute (ashas
now beenarrangedor CFMIP-1 data.) Hencewe requesthat outputdatafrom the CFMIP-2
experimentsshouldbe hostedaspartof samesolutiondevelopedfor CMIP4/ARS.
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Figure2: Sensitvity of shortwave cloudradiative forcing changesn responséo longtermSSTchanges
predictedn 1% CO, scenariogrom 15 CMIP3/AR4AOGCMs,separateéhto dynamicalregimes.Dot-
tedlinesshav themaximumandminimumvalues.Theredsquaresndlinesshav themeanandstandard
deviation of the 8 highersensitvity versions.The 7 lower sensitvity versionsareshavn in blue. From
Bony andDufresng(2005).
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Figure 3: Top: Mean cloud-toppressure- optical depthhistogramsof cloud amountfor the tropical
stratocumulusclusterregime from ISCCP obserationsand from ve GCMs. Bottom: The relatve
frequenyg of occurrencéRFO)of thetropicalstratocumulusegime (asafractionof thetotal numberof
days.)FromWilliams andTselioudis(2007).
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Figure 4: Exampleof CloudSatSimulator statisticalsummaryoutput. The gure shavs a height-
re ectivity histogramcalculatedfrom one GCM gridbox of the MMF using CICCSwith Quickbeam.
Two hydrometeospeciesareused,cloud ice andwater Theseare amenabldo clusteranalysisasin

Zhanget al, 2007 and can be usedto validatemodelsin free running climate mode. (Yuying Zhang,
LLNL).
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Figure5: Exampleof a simulatedmid-latitudesystemin the North Atlantic by the UK Met Of ce
global forecastmodelon July 7th, 2006. The upperpanelis the simulatedre ectivity from the model
outputsat sub-gridscale. The numberof subcolumnsper gridbox is 20, which gives a an effective
resolutionof 2 km at midlatitudes,comparablédo the CloudSatfootprint size. The lower panelshavs
the radarre ectivity (in dBZ) obsered by CloudSat. (Alejandro Bodas-SalcedaVet Of ce Hadley

Centre).
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Figure6: Ensembleneancompositesrom nine slabmodelsusingchangesn 500mbvertical velocity
(! s00) andsaturatedower troposphericstability ( 95) (Williams et al 2006). a) Relatve frequeng of
occurrencéRFO)of changesn ! 500 and 9, at CO, doubling.b) SW cloudradiative forcing response
compositedoy ! 500 and  J. ¢) andd) asb) but for LW andNet componentse) - f) asa) - d) but for
presentay spatio-temporabariations.
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es

with ERBE/NCEPRadaptedrom Williams etal 2006.1n eachcolumn,the ve modelswith thesmallest

RMS differencesarein blue,with theremaining vein red. The ve modelswith the smallestaverage
RMS differencehave (on averagehigherclimatesensitvities.

Tablel: RMS differencef tenmodels'present-day sq0 and 9, cloudradiative forcing composites
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Figure7: ZonalMeanfor January-February-Marctonalmean(top left) attenuatedackscattesignal
measuredy Caliop/CALIPSO(in m-1skl), (top right) cloud fractiondeducedrom the obsered lidar
signal, (bottomleft) cloud fraction predictedby the LMD GCM and (bottomright) cloud fraction di-
agnosedrom the attenuatedackscattesignal simulatedfrom the GCM outputs. From Chepferet al.

(2007).
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Figure8: Octobertime-heightsectionsof relatve humidity (shadingdarker grey = morehumid) and
cloud fraction (blue contoursevery 10%) at 85W, 20S in the SE Paci ¢ stratocumulugegime from
climatologicalCAM3 (top) andAM2 (bottom).FromBrethertoretal. (2006).
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Figure 9: Diurnal cycle in low cloud cover in three modelsalong the GCSSPaci ¢ CrossSection
(125W35N) to (187W1S). From the WGNE-GCSSPaci ¢ Cross SectionIntercomparison(GPCI)
Project.(JoaoTeixeira)
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Figure 10: Potentiallocationsfor high frequeng modeloutput. a) Shavs the inte-model standard
deviationin thenetCRF (Cloud Radiatve Forcing)responséo CO, doublingin twelve slabmodels.b)

Shaws the correlationof thelocal net CRFresponsefor thesemodelswith the globalmean.The GPCI

crosssectionlocationsaremarkedwith +'s. The CPT locationsaremarked with squaresThediamonds
shav a SouthPaci ¢ crosssectionproduceday extendingthe VOCALS transec(75-85W20S)towards
the north westto intersectwith a region of large intermodel spreadwhich samplesa rangeof positive

andnegative low cloudfeedbacksThetrianglessamplea numberof locationswith CRFresponsethat

correlatewell with the globalmeansmary of which arein the climatologicaltradecumulusregions.
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Figurell: Temporalkorrelationsdetweercloudcondensatandsource®f the cloudtendenyg equation
in responséo instantaneou€02 doubling(zonalandannualaverages).Cloud sources:(a,d) conden-
sationminusevaporation,(b,e)ice sedimentation(c) depositionminussublimation. (a-c) HadGEM1,
(d-e) MIROC3.2. Zerovaluesare assignedo neggative correlationcoefcients, andthe signis changed
to negative when correlationcoefcient is positve and cloud responséds negative. Contoursdenote
temperatur€0 C: 1xC0O2,-15Cand-40C:2xC02). (TomooOgura)
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Figure12: (a) Schematicsetupof large-scaleadwective forcing of temperaturendwatervapourover
low clouds.(b) Pro les of subsidenceateoverthecold poolfor thecontrolclimate(blue)andthewarmer
climate.In thewarmerclimate,seasurfacetemperaturés raisedby 2 degrees.(MinghuaZhang)
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Table2: Diagnosticrecommendationfor CFMIP-2andCMIP4 experiments.
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