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Summary of key issuesfor WGCM meeting(3-5September, 2007).

TheIPCCAR4 reaf�rms thespreadin equilibriumclimatesensitivity andin transientclimate
responseestimatesamongcurrentmodels.Recentstudiesshow that inter-modeldifferencesin
cloudfeedbacksremaintheprimarysourceof this spread,with low cloudsmakingthe largest
contribution.

Themainobjectiveof CFMIP-2is to make,by thetimeof theAR5, animprovedassessmentof
climatechangecloud feedbacksby makingprogressin the (1) evaluationof cloudssimulated
by climatemodelsandthe (2) understandingof cloud-climatefeedbackprocesses.An inter-
nationalCFMIP workshopwasorganizedin Paris in Spring2007to lay the foundationsfor a
CFMIP-2proposal,andto strengthenthelinks betweentheCFMIP, GEWEX/GCSSandtheUS
CLIVAR ProcessTeamcommunities.The CFMIP coordinationcommitteeis now composed
of: Mark Webb,SandrineBony, GeorgeTselioudisandChrisBretherton.

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

1. Developmentof theISCCPsimulatorandof a CFMIP ISCCP/CloudSat/CALIPSOsim-
ulator (CICCS)to bedistributedto themodellinggroupsto evaluatemodelclouds(and
thuscontribute to themodeldevelopmentprocess)usingsatelliteobservationsfrom the
new generationof spaceborneradarand lidar instrumentsand existing passive instru-
ments. They arerequiredif effective cloud-climatemodelmetricsareto be appliedto
CMIP4GCMs.

2. Designandanalysisof shortatmosphere-onlyCFMIP-2 experiments,requiringCICCS
andotherdiagnostics,to betterunderstandthephysicalmechanismsunderlyingthedif-
ferentcloud-climatefeedbacksin climatemodels.

3. Collaborationwith GEWEX-GCSSto assessthecredibility of cloud-climatefeedbacks:
CFMIP-GCSSCRM/LES/SCMcasestudiesfocusedonthesensitivity of low-levelclouds
to changesin climate,processstudiesbasedon theanalysisof grid-pointhigh-frequency
outputs,anddevelopmentof cloud-climatemetrics.
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We askwhetherWGCM continuesto endorseCFMIP-2plans,andseekthe following recom-
mendationsfrom WGCM (seebodyof reportfor details):

� requiringtheuseof theISCCPsimulator(andstronglyencouragingtheuseof CICCS)in
AMIP, 20C3Mand1%/yrCO2 (pluscontrol)experimentsof CMIP4,

� increasingthenumberof clouddiagnosticsin theCMIP4 output,storing3D modelout-
putsonmodellevels,and3D global�elds daily for selectedperiods,

� hostingtheCFMIP-2experimentstogetherwith theCMIP4archive,

� saving somehigh frequency instantaneousmodeloutputfrom selectedpoint locationsin
CMIP4andaddingthemto thestandardoutput.

Wealsorequestsomeclari�cation on theplansfor 1%/yrCO2 andslabexperimentsin CMIP4,
asthishasimplicationsfor thedesignof theCFMIP-2experiments.

Webelievethatgrantingtheserequestswill helpto reducesystematicerrorsin thesimulationof
cloudsin thepresent-dayclimateandto assessthecredibility of thedifferentcloudfeedbacks
producedby GCMs,makingit easierto assessthereliability of climateprojections.
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Revision history.

� Aug 22ndFinal version.Addedsectionsummaryat endof introduction.Updateditems
2 and5 in section2.2.Spellcheck,minorcorrections.

� Aug 21stMinor edits from Chris Bretherton.Addedcommenton othercloud typesto
section1.2 item 3 in responseto commentfrom Brian Soden.Addedtext suggestedby
SteveSherwoodto section1.3item1. Added�gures from Brethertonetal 2006andBony
andDufresne2005.
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tableof RMS statistics.
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� Changesin Aug 8th version. UpdatedISCCPsimulatorsectionand addedWilliams
andTselioudis�gure. UpdatedMinghuaZhang�gure andcaption. Addedreferenceto
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andretuningto sensitivity experimentssection.
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� VersionJuly13th,2007- Firstdraftof mostsections,but section4 in noteform only. List
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1 Intr oduction.

For almosttwo decades,climatemodelshave exhibited a large rangeof climatesensitivities
(estimatesdiffer by a factorof 2 to 3). Early studiessuggestedthat inter-modeldifferences
in the treatmentof climatefeedbacks,andof cloud feedbacksin particular, werethe primary
reasonfor this range(Cessetal. 1989).It is in this context thatin 2003,theWorkingGroupon
CoupledModelling (WGCM) of theWorld ClimateResearchProgram(WCRP)launchedthe
Cloud FeedbackModel IntercomparisonProject(CFMIP) to encouragecoordinatedresearch
in the areaof cloud feedbacksin climatemodels. To promoteboth systematiccomparisons
of cloudfeedbacksamongclimatemodelsandcomparisonsbetweenmodelcloudsandobser-
vations,McAvaney andLe Treut (2003)proposeda setof coordinatedatmosphericandslab
GCM experimentsusingtheISCCPsimulator(a tool thatdiagnosesmodelcloudsin away that
mimics the satelliteview from space,(Klein andJakob (1999),Webbet al (2001) ), that led
to several analysesof cloud feedbacks.(Seehttp://www.cfmip.netfor moreinformation.) In
parallel,intercomparisonsof climatefeedbacksproducedby coupledocean-atmospheremod-
els participatingin the Fourth AssessmentReport(AR4) of the IPCC took placewithin the
framework of thephase3 of theCoupledModel IntercomparisonProject(CMIP3,Meehlet al
(2005)),aswell aswithin theframework of thelow-LatitudecloudfeedbacksClimateProcess
Team(CPT, Brethertonet al (2004)).TheIPCCAR4 reaf�rms thelargespreadin climatesen-
sitivity estimatesamongcurrentmodels(Randallet al, 2007). Thanksto thedifferentprojects
mentionedabove, however, substantialprogresshasbeenmaderecentlyin our assessmentof
thedifferentsourcesof spread,andin theevaluationof modelledcloudswith satelliteobserva-
tions (seeBony et al (2006)for a review). Yet, thesedifferentactivities alsogive us a better
appreciationof whereproblemsandchallengesremainin theareaof cloudfeedbacks.Issuesof
progressandkey remainingproblemsarereviewedbelow. Then,on thebasisof theselessons,
weproposeanoutlineof plansfor thesecondphaseof CFMIP.

1.1 Ar easof progress.

Severalstudies(ForsterandTaylor(2006),Ringeretal (2006),SodenandHeld(2006),Webbet
al (2006),Winton (2006))have diagnosedglobalclimatesensitivities andfeedbacksin a large
ensembleof GCMs participatingin the AR4. Although the radiative forcing estimatescalcu-
latedby modelssubstantiallydiffer (Collinsetal, 2006),inter-modeldifferencesin cloudfeed-
backsstill constitutethemainsourceof spreadof equilibriumclimatesensitivity estimates,as
well astransientclimateresponseestimates(DufresneandBony, in preparation).New method-
ologiesof feedbackanalysissuggestthat theresponsesof all typesof cloudscontributeto this
spread,with a dominantrole of inter-model differencesin the responseof low-level clouds
(Bony andDufresne(2005),Webbetal (2006),Wyantetal (2006),Medeirosetal (submitted),
Williams andTselioudis(2007))(seefor exampleFig. 2.) Model-to-satelliteapproachesusing
theISCCPsimulator(Klein andJakob (1999),Webbet al (2001),Zhanget al (2005)),andnew
compositingmethodologiesof model-datacomparisonstratifyingcloudpropertiesin dynami-
cal regimes(Williams etal (2003),Bony etal (2004),Williams etal (2006),Wyantetal (2006))
or cloud clusters(Jakob andTselioudis(2003), Rossow et al (2005),Williams et al (2005),
Williams andTselioudis(2007))have pointedout somesystematicbiasesin thesimulationby
GCMsof meancloudpropertiesandtheresponseof cloudsto changingenvironmentalcondi-
tions. For instance,mostGCMs underestimatethe occurrenceof low-level cloudsandover-
estimatethatof optically thick clouds(Zhanget al, 2005),indicatingthatagreementbetween
modelledandobservedcloudradiative forcing at the top of theatmosphereis dueto compen-
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satingerrorsin thesimulatedverticalstructureof cloud fractionandcloudwater. Also, it has
beenestablishedthatvirtually all coupledmodelsunderestimatethesensitivity of theshortwave
cloudradiative forcing to interannualSSTchangesin suppresseddynamicalregimespredomi-
nantlycoveredby low-level clouds(Bony andDufresne,2005).Someof theseapproachescan
beusedasthebasisfor climatemetricswhich, if appliedwidely, havethepotentialto constrain
cloud-climatefeedbacks.

1.2 Remainingproblemsand challenges.

Recentintercomparisonstudieshave thusidenti�ed dominantsourcesof uncertaintyin model
estimatesof climatesensitivity andcloud feedbacks.Thesesuggestsomepriorities for how
observationsmight be usedto evaluatesomecomponentsof cloud feedbacks,andpoint out
somephysicalprocessesthat shouldbe betterunderstoodand evaluatedin climate models.
However, thefollowing problemsandchallengesremain:

1. Theadventof theCMIP3/AR4databasemeansthatmodelsarenow facedwith increas-
ing levels of scrutiny from a wide rangeof analystsandanalyticaltechniques.In the
caseof clouds,modellersneedtoolswhich allow themto tracesystematicerrorsbackto
thephysicalschemesresponsiblefor them. Standardoutputfrom CMIP3 only supports
quantitative evaluationof modelcloudsusingtwo-dimensionalsatelliteobservationsof
radiative �ux es(eg ERBE)andtotal cloud fraction (e.g. ISCCP.) The ISCCPsimulator
canbeusedto quantifyerrorsin theprevalenceof differencecloudtypes,theheightsof
their topsandtheir optical properties,which remainascompensatingerrorsin models'
controlsimulationsafter tuning,underminingtheir credibility. Evaluationof multi-level
informationon cloudsandprecipitation(with moreinformationon low level cloudspre-
viouslyobscuredby thoseabove)will bealsopossiblein thenearfuturewith thearrivalof
new observationsfrom space-borneradarandlidar (CloudSatandCALIPSO)in synergy
with otherinstrumentsfrom theA-Trainconstellationof satellites(Stephensetal, 2002).
Until simulatorsbecomewidely usedto quantify errorsin models' clouds(both in the
assessmentanddevelopmentprocess),compensatingerrorswill continueto undermine
thecredibility of models.

2. ProjectssuchasGEWEX/GCSSaim at evaluatingandimproving the representationof
cloudprocessesin large-scalemodels.However, it is still unclearhow modellingassump-
tionsin theparametrizationof cloud,boundarylayerandconvectiveprocessesaffecttheir
responsesto climatechange.Conversely, if webetterunderstandwhichprocessesarecrit-
ical for climatechangecloudfeedbacks(e.g.thetransitionbetweendifferentcloudtypes,
entrainmentanddetrainmentprocesses,geometricalthickness,cloudphasechanges,etc),
parametrizationefforts may be focusedmoredirectly on betterrepresentationof those
particularprocesses.Thissuggeststhatbottom-upandtop-down approacheswill bemore
effective if appliedtogether, througha closercollaborationbetweenGEWEX/GCSSand
CFMIP activities.

3. Low-level cloudsarethe primary contributorsto inter-modeldifferencesin cloud feed-
backs(with othercloudtypesmakingasecondarybut still signi�cant contribution.) Why
do modelspredictsuchdifferent low-cloud responses?Furtheranalysisis requiredto
addressthis questionanddeterminewhich arethekey processesthatdeterminethesign
andmagnitudeof cloud-climatefeedbacks.For suchprocessstudies,it is necessaryto
revisit the list (andthe frequency) of cloud diagnosticsthat arerequiredin coordinated
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modelexperimentsto supporta betterunderstandingof thephysicalcloud-climatefeed-
backmechanismsoperatingin them.It is alsonecessaryto designcloud-climatefeedback
experiments(for globalclimatemodelsandsinglecolumnmodels)which arerelatively
inexpensive to run, to form the basisfor exploratorysensitivity experimentsandto test
hypothesesrelatingto differentfeedbackmechanismsin models.

4. GCMsexhibit abroadrangeof cloudfeedbacksin climatechangeandthey cannotall be
right. Despitenumerousmodel-datacomparisonsandthedevelopmentof new method-
ologiesof analysisandevaluationof cloud feedbacks,it is still unknown which of the
modelcloudfeedbacksarethemostcredible.It is possiblethatcloudfeedbacksin some
modelsareunintendedconsequencesof themodellingassumptionsthatgo into them,for
instancewhereparametrizationsexploit empiricalrelationshipsbetweenobserved vari-
ableswhich breakdown in the warmerclimate. It is alsopossiblethat coarsevertical
resolutionleadsto anunsatisfactoryrepresentationof boundarylayercloudprocessesand
theirsensitivity to climatechange.ThemodellingcommunitythatusesCRMs(CloudRe-
solvingModels)andLES (LargeEddySimulation)modelsis familiar with thestudyof
cloudprocessesin thecontext of present-dayclimate,but few CRM/LESstudiesfocused
on theanalysisof cloudfeedbacksin a climatechangecontext have beencarriedout so
far. For this reason,andalsobecauseCRM/LESmodelssimulatecloudsmoreexplicitly
thanGCMs,coordinated(andidealized)climatesensitivity experimentsperformedwith
thesemodelswould allow usto seewhich climatemodelsexhibit feedbackmechanisms
thatcanbereproducedin modelswith fewerassumptions.

1.3 Plansfor CFMIP-2.

Drawing lessonsfrom pastintercomparisonstudiesof GCM cloud feedbacks,recognizingthe
remainingproblemsandchallenges,andlooking to theFifth AssessmentReport(AR5) of the
IPCC,discussionsfor a secondphaseof CFMIP have beenunderway sinceSpring2006.New
coordinatorstook over theprojectandstartedto think aboutthefutureneedsof CFMIP. First,
we expressedour wish to gatherthe key participantsof the pastCFMIP-1, CMIP3 andCPT
projectsto encouragethe scrutiny of modelsimulationsby a wider community. Second,we
took the initiative to develop a combinedCFMIP ISCCP/CloudSat/CALIPSOsimulator(CI-
CCS) for usein climate models. Third, we expressedour wish to collaborateclosely with
GEWEX/GCSS.Thesedifferent initiativeswere endorsedby WGCM following their Victo-
ria meetingin September2006 1, and by the GEWEX SSGpanel (supportingour plan for
GCSS-CFMIPcollaboration,February2007GEWEX Newsletter2.) We organizedan interna-
tional CFMIP workshopat LMD/IPSL in Parison April 2007(held jointly with theEuropean
ENSEMBLES3 project)to discusstheseplansfurtherandlay thefoundationsfor a CFMIP-2
proposal.To strengthenthelinks betweenCFMIP, GCSSandtheUSCPTcommunity, wehave
invited new membersto join the CFMIP coordinationcommittee. This is now madeup of:
Mark Webb,Met Of�ce Hadley Centre(leadcoordinator),SandrineBony, LMD/IPSL, George
Tselioudis,NASA GISSandChrisBretherton,U. Washington(joint coordinators)andBryant
McAvaney (projectadviser.)

Themainobjectivesandcomponentsof theCFMIP-2strategy areillustratedin Fig. 1. The
mainobjectiveof CFMIP-2is to make,by thetimeof theAR5, animprovedassessmentof cli-
matechangecloudfeedbacksby makingprogressin our understandingof cloud-climatefeed-

1seemeetingsummaryat http://www.clivar.org/organization/wgcm/wgcm.php
2seehttp://www.gewex.org/Feb2007.pdf
3seehttp://ensembles-eu.metoffice.com/
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backprocessesandin our evaluationof cloudpropertiesandbehaviour usingobservations.To
achieve theseobjectives,weplan:

� to develop,maintainanddistributeto themodellinggroupstoolsfor evaluatingmodelled
cloudsusingsatelliteproducts. This includesin particulara CFMIP ISCCP/CloudSat/
CALIPSOsimulator(CICCS),clusteringsoftware,anduser-friendly subsetsof satellite
data.An importantconditionfor thesuccessfuldevelopmentof cloud-climatemetricsfor
AR5 is for CMIP4 to requirethe ISCCPsimulatoroutputasstandard,andfor simula-
tionsberun usingCICCSwherepossible.(Modelling groupsmayput CICCSinto their
models,or run it ”of�ine” locally andprovide theoutputto theCMIP4 database).

� to runshortatmosphere-onlyCFMIP-2experimentsin parallelto CMIP4,suitablefor di-
agnosingCO2 forcingandcloudfeedback(andtheinteractionsbetweenthem)in conven-
tional climatemodelsandin global cloud resolving/super-parametrizedmodels. These
will include CICCS as standard,and additionaldiagnosticsto supporta betterunder-
standingof cloud-climatefeedbackmechanisms(point diagnosticsandcloud tendency
terms.) They will form the basisfor sensitivity experimentsto establishthe impactof
variousphysicalprocessesoncloudfeedback,testhypothesesonvariouscloudfeedback
mechanismsoperatingin climatemodels,or assessthe impactof vertical resolutionon
low cloudfeedbackandclimatesensitivity.

� to developclosecollaborationwith GEWEX/GCSSto enrichanddeepentheanalysisof
cloud feedbackprocessesin GCMs,to comparethecloud feedbackprocessesin GCMs
andin CRMs/LESmodelswithin the context of idealizedclimatechangeexperiments,
andtoexploretherelationshipbetweencloudmodellingassumptionsandcloudfeedbacks
in GCMs.

� to developtheanalysisof GCM simulationsby enhancingthecommunitythatscrutinizes
thesimulationsandby increasingthenumberandthefrequency of clouddiagnostics.For
thispurpose,CFMIPwill analysesimulationsfromcoupledmodelsthatwill beperformed
within CMIP4, andwe will make recommendationson cloud diagnosticsto the CMIP
panel.

Thesedifferentactionsaredetailedbelow. Section2describesourourplansfor thedevelopment
of cloudsimulatorsandtheir usein modeldevelopmentandevaluation(includingthedevelop-
mentof metrics.) Section3 describesour plansfor gaininga betterunderstandingof cloud
feedbackmechanisms,throughtheuseof additionaldiagnosticsandlightweightclimatemodel
experiments.Section4 describesour plansfor assessingthecredibility of cloud-climatefeed-
backmechanismsin climatemodelsthroughCFMIP-GCSScollaboration.Section5 detailsour
recommendationsfor cloudrelatedstandardoutputsfrom CMIP4andCFMIP-2experiments.

2 Evaluation of cloudssimulatedby climate models

CFMIP-2will continueto developtechniquesandtools for evaluatingmodelledcloud-climate
feedbacksusingsatelliteproducts. Currentefforts in this areaaremainly focusedon devel-
opmentof theCFMIP ISCCP/CloudSat/CALIPSOSimulator(CICCS),someminor enhance-
mentsto theISCCPsimulator, andthedevelopmentandapplicationof cloud-climatefeedback
evaluationtechniquesandmetricsbasedon comparisonswith ISCCPandCloudSat/CALIPSO
datausingthesesimulators.
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2.1 ISCCP simulator development

TheISCCPsimulatordiagnosticswerecentralto CFMIP-1andfeaturedin anumberof studies
(seeintroduction).CFMIP-1dataarenow availablevia thePCMDI dataportal,andmoredaily
datais still coming in from variousmodellinggroups(seehttp://www.cfmip.netfor details).
Five yearsof daily ISCCPsimulatoroutput were requestedfor the control and equilibrium
CFMIP-1slabexperiments.Thesewereusedto evaluatethepresent-daysimulationof cloudi-
nessandto estimatethe impactof systematicerrorsin thecontrol simulationson inter-model
spreadin climatesensitivity by applyinga cloudclusteringtechniqueto identify cloudregimes
(Williams and Tselioudis,2007). For example,characteristicsof the tropical stratocumulus
regimearefoundto vary considerablybetweenGCMsin thesimulationof thepresent-daycli-
mate(seeFig. 3). Severalmodelssimulatethis regimewith cloudwhich is too optically thick
leadingto incorrectradiative properties,andthe frequency of the regime differs dramatically
betweenthemodelsanalysed.Thesesortsof errorsunderminethecredibility of climatemodels,
but theuseof simulatorsaspartof themodeldevelopmentprocesscanhelpto targetefforts on
thephysicalschemesresponsible.Williams andTselioudis(2007)arguethateliminatingthese
errorswould potentiallyreducethespreadin climatesensitivity by onethird in thesix model
versionsanalysed.

The simulatoris currentlybeingadaptedto save three' lightweight' diagnostics(grid-box
meanISCCPcloudoccurrence,cloudtop pressureandopticaldepth)to serve asanalternative
to the49 cloud typescurrentlyin use. This will allow clusteringtechniquesto beappliedfor
longerperiodsandto awider rangeof experimentsin thefuture.A new releaseof thesimulator
is plannedfor usein CMIP4andCFMIP-2,whichwill includetheabovediagnostics,aswell as
a moreaccuratealgorithmfor diagnosingcloudtop pressure,andanimprovedpseudo-random
numbergenerator. The work involved for modellingcentresto upgradeto the new releaseof
theISCCPsimulatorwill bemuchsmallerthanthework thatwasrequiredto install it initially
(this hasalreadybeendonein the Hadley Centremodel). (Keith Williams, Mark Webb(Met
Of�ce Hadley Centre),SteveKlein (LLNL))

2.2 CFMIP ISCCP/CloudSat/CALIPSOsimulator (CICCS) development

TheCloudSatandCALIPSOspacebornecloudpro�ling radarandlidar instrumentsin theA-
Trainconstellationof satellitesareproviding new informationoncloudsandtheirverticalstruc-
ture (e.g. Winker et al (GEWEX news Nov 2006 4 , Zhanget al (2007).) The main goalsof
theCloudSatandCALIPSOmissions(which shouldleadto improvedweatherpredictionand
understandingof climaticprocesses)areto measuretheverticalstructureof cloudsandprecip-
itation in theatmosphere,to quantifycloudice andwatercontents,to quantifytherelationship
betweencloudpro�les andradiativeheatingandto improve theunderstandingof aerosolindi-
recteffectson cloudsandprecipitation.

Althoughactivesensorsseemoreof the3D structureof cloudsthancanbeseenby passive
sensors,theeffectsof instrumentsensitivity andattenuationby cloudsandprecipitationmean
thatnot all cloudsaredetected.For this reason,CloudSatandCALIPSOsimulatorsarebeing
developedto supportquantitative' likewith like' evaluationof modeloutputwith CloudSatand
CALIPSO data(e.g. (Hayneset al, in press),Chepferet al (submitted). ) CICCS,which is
beingdevelopedto supportconsistentcomparisonswith ISCCP, CloudSatandCALIPSOdata
acrossclimatemodels,will bemadeup of anumberof modules:

1. The�rst versionof theCICCSinfrastructurelayerwasreleasedin November2006.This

4seehttp://www.gewex.org/Nov2006.pdf p4
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includesthe ISCCPsimulatorsubgridcloud overlapmodule(SCOPS)anda prototype
radarre�ectivity code(AlejandroBodas-Salcedo,Met Of�ce Hadley Centre.)

2. TheQuickBeamradarre�ectivity codedevelopedatCSU,PNNL/UW (JohnHaynes,Roj
Marchand)hasbeenadaptedto plug in to CICCS(August2007,Yuying Zhang,Steve
Klein LLNL)

3. A lidar re�ectivity code(ACTSIM) hasbeendevelopedby IPSL/LMD (Chiriaco,Chep-
fer, Bony, Dufresne)andis currentlybeingadaptedto plug in to theCICCSframework
(AlejandroBodas-Salcedo).

4. A subgridprecipitationoverlapmoduleis beingdevelopedby YuyingZhang,SteveKlein
andAlejandroBodas-Salcedo.

5. Post-processingmodulesto simulatethe CloudSatcloud/hydrometeormaskandto pro-
ducestatisticalsummariessuchasCloudFrequency Altitude Diagrams(CFADS) arein
developmentat LLNL and LMD/IPSL (e.g. seeFig. 4). Joint CloudSat/CALIPSO
simulatorsummariesarealsoenvisagedandwill be basedon forthcomingjoint Cloud-
Sat/CALIPSOproductswhenthey becomeavailable.

6. TheISCCPsimulatorwill alsobeprovidedasa modulewithin CICCSto avoid theover-
headof plugging two simulatorsinto the samemodel separately. (Mark Webb,Keith
Williams)

Somepreliminarycomparisonsof simulatoroutputwith CloudSatandCALIPSOareshown in
Figs.5 and7.

Fig. 5 showsa transectthroughamid-latitudedepressionin theNorth Atlantic on July 7th,
2006. The upperpanelshows the resultsof the CloudSatsimulatorappliedto the outputof
theUK Met Of�ce global forecastmodel,which hasa horizontalresolutionof approximately
40 km at mid latitudes. It shows the radarre�ectivities computedat sub-gridscale,with 20
subcolumnsper gridbox, which givesan effective resolutionsimilar to the observations. The
contourlinesin this panelareisotherms,thesolid line denotingthefreezinglevel. Theimpact
of convective precipitationcanbe clearly observed asit is concentratedin a small numberof
subcolumns,whereasthe boxesdominatedby large-scalecloud aremorehomogeneous.The
lower panelshows the radarre�ectivity from CloudSat(dBZ). Theobservationsshow a more
homogeneousstructure,with lesssub-gridscalevariability thansimulatedby theGCM.

An examplecomparisonof thethreedimensionaldistribution of thecloudfractionderived
from CALIPSO observationsand from the LMD/IPSL GCM is shown in Fig. 7. Modelled
atmosphericpro�les have beenconvertedto anensembleof subgrid-scaleattenuatedbackscat-
ter lidar signalsfrom which a cloud fraction hasbeenderived using a proceduresimilar to
thatusedto deducea cloud fraction from CALIPSOlidar signals.Thecomparisonpointsout
theunderestimate(overestimate)by theGCM of thepredictedlow-level cloudinessin tropical
(extra-tropical,respectively) regions.

Pilot studiesareplannedto demonstratetheuseof CICCSwith a smallnumberof GCMs.
Onepartof this will beto build CICCSinto theMet Of�ce Hadley Centre,LMD/IPSL, GFDL
andNCAR modelsto run 'in line', asis now thecasefor theISCCPsimulatorin mostGCMs.
Thecodehasbeenvectorizedwith this in mind. For CMIP4 andCFMIP-2,modellinggroups
will beencouragedto run thesimulatorin line, or to run off line locally. This is preferableto
runningthe simulatorcentrally, asit allows its useaspart of the modeldevelopmentprocess
aswell asfor modelinter-comparison.The feasibility of runningthesimulatorlocally of�ine
usingdaily meanedor timesampledinstantaneousmodeloutputswill alsobeassessed.
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LMD/IPSL will coordinateapilot modelinter-comparisonstudyusingthelidar component
of CICCS.The Met Of�ce Hadley Centrewill coordinatea pilot CloudSatsimulatormodel
intercomparisonpilot study. A possibleCICCS pilot intercomparisonusing climate models
in forecastmodeis alsounderdiscussion,which could pave the way for the adoptionof the
approachis projectssuchastransposeAMIP/CAPT (Phillips et al, 2004). It is hopedthat a
completeprototypebetaversionof CICCSwill be releasedby the endof 2007,with the �rst
productionversionavailable mid-2008for use in CMIP4/CFMIP-2. The ISCCPmodule is
expectedto beincludedin theproductionreleasebut not thebetarelease.

2.3 Developmentof metrics relevant to cloud-climate feedback.

In recentyears,metricshavebeenproposedfor assessingtherelativequalityof differentclimate
modelscomparedto observationaldatasets.Many of these(e.g. Murphy et al (2004),Reichler
andKim (submitted),Sexton et al (in preparation))arebasedon climatologicalvariables,and
do not take advantageof the compositingtechniquesdescribedabove. As part of CFMIP-2
we plan to develop cloud-climatemetricswhich usemonthly anddaily cloud diagnosticsto
moreeffectively target the cloud feedbackprocessesunderstoodto contributemostto current
uncertaintiesclimatemodelsensitivity. An exampleof this approachis illustratedin Fig. 6
andTable1. Fig. 6 is taken from Williams et al (2006)andshows that presentday spatio-
temporalcompositescancapturesomeaspectsof thecloud-climatefeedback/responsepattern
in climatemodels.Table1 showsthatametricbasedonthiscompositingmethodtendsto favour
highersensitivity models(consistentwith the�ndings of Bony andDufresne(2005).)However,
metricsbasedon2D radiative �ux eswill notpenalisemodelsthatgetplausiblevaluesof cloud
radiative forcing with compensatingerrorsin cloud fraction, cloud optical depth,etc. Newer
approachesbasedon simulatoroutput show the potential to provide strongerconstraintson
cloud-climatefeedbacksin models. Williams andTselioudis(2007)arguethat metricsbased
on the clusteringapproach(seeFig. 3) have the potentialto reducethe inter-modelspreadin
climatesensitivity by a third. However, a necessarypre-requisitefor this is theinclusionof the
ISCCPsimulatorasstandardin a wide rangeof models.This not only supportsthecalculation
of metrics,but givesawealthof informationthatcanbeusedin themodeldevelopmentprocess
to removecompensatingerrorsandimprove thecredibility of themodels'cloudsimulationsin
thelongerterm.

Thedevelopmentof cloud-climatefeedbackmetricsis onepartof awideractivity to develop
metricsto assessall aspectsof climatemodelsperformance.This topic wasdiscussedat the
Paris meetingin a presentationby RobertPincus5 anda plenarydiscussionchairedby Karl
Taylor andRobertPincus6. A sessionon metricsis plannedfor the PAN-GCSSmeetingin
Toulouse,June2008.

3 Understandingcloud feedbackmechanisms

CFMIP-1wasmainly concernedwith theevaluationof modelcloudsusingsatellitedata,and
the identi�cation of thosecloud regimescontributing mostto the inter-modelspreadin cloud
feedbackandclimatesensitivity. CFMIP-2 aimsto build uponthis work, but alsoaimsfor a
betterunderstandingof thedifferentcloud feedbackmechanismsactingin models.This is to

5seehttp://cfmip.metoffice.com/PincusParis.pdf
6seehttp://cfmip.metoffice.com/MetricsParis.pdf
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beachievedthrougha combinationof diagnostictechniquesand' lightweight' climatechange
experiments.

3.1 Instantaneousdiagnosticsat selectedlocations.

Dueto thehigh frequency variability of clouds,time averagedmodeloutputgivesa fairly lim-
ited pictureof thephysicalmechanismsunderlyingcloudsimulations.High frequency, instan-
taneousdiagnosticsare likely to give more insight into the physicalprocessesoperatingand
theinteractionsbetweenthem(e.g.convective intermittency andconvective/boundarylayerin-
teractions).They alsosupportthediagnosisof any unphysicalbehaviour relatedto numerical
noise,verticaldiscretisationeffects,etc.An exampleof thisapproachis thehighfrequency data
savedat selectedpointsby modellinggroupsinvolvedin theUS ClimateProcessTeam(CPT)
on low latitudecloudfeedbacks.Two of thesemodelsshowedverydifferentcloudsimulations
in stratocumulusregionsin spiteof similar valuesof netcloudforcing (seeFig. 8 .)

TheWGNE-GCSSPaci�c CrossSectionIntercomparison(GPCI)ledbyJ.Teixeira(GEWEX
News,Nov 20067) hassavedhigh frequency clouddiagnosticsfrom twentyNWP andclimate
modelsalonga sectionsamplingthestratocumulusregimeoff thecoastof California,theshal-
low cumulusto thesouthwestandthedeepconvectionin the ITCZ (aswell asthetransitions
betweenthem). Dif ferencesin the meanstate,variability anddiurnal cycle of cloudinessin
thesemodelsin thepresentclimatearebeingexamined(seetheprojectwebsite8 or JoaoTeix-
eira's presentationfrom theParismeeting9.) For example,Fig. 9 shows a comparisonof the
diurnal cycle in cloud cover alongthe GPCI for threemodels,which canbe evaluatedusing
ISCCPdata(not shown.) To betterunderstandcloud-climatefeedbackmechanismsin climate
models,we proposethathigh frequency instantaneousclouddatashouldbesavedat represen-
tativelocationsaroundtheglobein presentdayandclimatechangeexperimentsfor CMIP4and
CFMIP-2.Thesediagnosticswill giveaclearerpictureof therelationshipsbetweencloudvari-
ables(e.g.cloudwater, cloudfraction)andenvironmentalvariables(humidity, stability, vertical
velocity, etc),of convective/boundarylater interactions,andof thediurnalcycle of cloudiness
in modelsandits impacton cloudfeedback.

Work is currentlyunderwayto identify arepresentativesetof locations(seeFig. 10). Likely
candidatessofar includetheGPCIlocations,theselectionof pointssavedby theCPT(includ-
ing ARM sites,oceanweathershipsand buoys), selectedlocationsassociatedwith relevant
observational�eld campaigns(e.g. VOCALS, Woodet al (2007))anda setof locationscho-
sento samplethe rangeof inter-modelspreadin low-cloud feedbacksin climatemodels. To
make GCM dataaccessibleto the 'process'community, theGEWEX SSGrecommendedthat
this datashouldbemirroredat theGCSS-DIMEsitealongsideobservationaldatain a consis-
tent form. (Seealsodiscussionin section4.) (JoaoTeixeira,GeorgeTselioudis,Mark Webb,
SandrineBony, RobWood)

3.2 Analysisof cloud tendencyterms

We plan to usecloudcondensatetendency diagnostics(CCTD) to gain insight into thephysi-
cal mechanismsresponsiblefor cloudfeedbacksin theCFMIP-2experiments.This technique
hasbeenusedto understandthe mid-latitudemixed-phasefeedbacksin differentversionsof
the MIROC 3.2 model(Oguraat 2007). A pilot model inter-comparisonstudyhasalsobeen

7seehttp://www.gewex.org/Nov2006.pdf p17
8seehttp://www.igidl.ul.pt/cgul/projects/gpci.htmfor details
9seehttp://cfmip.metoffice.com/TeixeiraParis.pdf
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performedwith the MIROC 3.2 modelandthe HadGEM1versionof the Met Of�ce Hadley
CentreModel. Fig. 11 shows temporalcorrelationsbetweenthe cloud condensateresponse
to increasingCO2 andthe CCTD termsfor HadGEM1andMIROC3.2. Positive valuesindi-
catea positive correlationwith increasingcloud condensate,while negative valuesindicatea
positivecorrelationwith decreasingcondensate.Thecondensation-evaporationanddeposition-
sublimationprocessesdominatethe cloud responsein HadGEM1(Figs. 11(a)and11(c)). In
MIROC3.2,mostof thecloudresponsepatternis relatedto thecondensation-evaporationterm
(Fig. 11(d)). However, the ice sedimentationterm alsoshows a considerableimpacton the
mixedphasecloudincrease(Fig. 11(e)).(Oguraetal, submitted10)

A pilot studywith ECHAM5 andHadGEM2+PC2(a new cloud schemewith prognostic
condensateandcloudfraction)hasbeenperformedto usethistechniqueto examinesub-tropical
low cloudfeedbackmechanismsin SSTforcedexperiments.Analysisof HadGEM2/PC2along
theGCSSPaci�c CrossSectionshowsevidencefor positivefeedbackin large-scalesub-tropical
low clouds,with reducedcondensationfrom cloudtopcoolingdominatingnearerthecoast,but
reduceddetrainmentfrom shallow convectiondominatingfurtherwest11. It is plannedto extend
this studyto includeresultsfrom the MIROC model. ( Mark Webb,JohannesQuaas,Tomoo
Ogura)

3.3 A lightweight experimentalframework for studyingcloud-climatefeed-
backs

At the Paris meeting,a working group led by Mark Ringer (Met Of�ce Hadley Centre)and
BrianSoden(U. Miami) discussedandmaderecommendationsfor theexperimentaldesignfor
CFMIP-2experiments.Thefull recommendationsareavailableon theCFMIPwebsite.A brief
summaryis givenhere.

To complementthe CMIP4 experiments,a setof parallelCFMIP-2 experimentsarepro-
posed.Theseareshorter, SSTforcedatmosphereonly experimentswith morediagnosticsrele-
vantto cloudfeedbackprocesses.This ' lightweight' experimentaldesignwill alsosupportthe
inter-comparisonof conventionalclimatemodelswith global cloud resolvingmodelssuchas
theNICAM 12 andCAM-SP13, whicharepresentlytooexpensiveto runasAOGCMs.

Thefollowing setof CFMIP-2'reference'experimentsis proposed:

1. An AMIP-lik e experimentrunningfrom thestartof theERBEdataperiod(1985- date)
including the CloudSat/CALIPSOera. This experimentwill include all the CFMIP-2
diagnostics(seesection5.2) andwill form thebasisfor evaluationagainstsatellitedata
usingthesimulators,andstudiesrelatingcloudclimatefeedbacksto interannualvariabil-
ity.

2. A controlexperimentforcedwith aclimatologicalobservedSSTsandseaice (asalready
providedby PCMDI) to form the basisfor SSTforcedclimatechangeexperimentsand
CO2 forcingdiagnosisexperiments.

3. A patternedSSTforcedclimatechangeexperiment.Thiswill bebasedon2) above,with
anSSTperturbationpatternbasedonacompositeof coupledmodelSSTresponsestaken
from 1% coupledmodelexperimentsat time of CO2 doubling,asdevelopedby theCPT

10seealsohttp://cfmip.metoffice.com/OguraParis.pdf
11seehttp://cfmip.metoffice.com/WebbSensitivityParis.pdf
12seehttp://cfmip.metoffice.com/TsushimaParis.pdf
13seehttp://cfmip.metoffice.com/KhairoutdinovParis.pdf
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(Wyantet al, 2006). Although theseexperimentsarenot expectedto reproduceexactly
the global meancloud feedbacksas in a coupledexperimentor slabexperiments,they
areexpectedto explorethesamerangeof cloudfeedbackprocesses(Wyantet al (2006),
Ringeretal (2006)).

4. An experimentwhereCO2 is doubledwhile SSTsremain�x ed (Hansenmethodbased
on 2)) will beusedto estimatetheCO2 forcing including theeffectsof any rapidcloud
responsesto changesin atmosphericstructurein responseto CO2 doubling.Gregoryand
Webb(2007)have shown that a signi�cant fraction of the inter-modelspreadin cloud
'feedback' in slabmodelsoccursshortlyafterCO2 doubling,andis not in factrelatedto
theglobalmeansurfacetemperatureresponse.Thecombinationof SSTandCO2 forced
experimentswill allow thesetwo aspectsof cloud'feedback'to beseparatelyquanti�ed.

5. SomeotherexperimentswerealsoproposedattheParisworkshop.The�rst wasanexper-
imentwhereCO2 levelsin 3) are' tuned' to bring thesysteminto radiativebalance.This
would allow any nonlinearinteractionsbetween3) and4) to be examined. The second
wastheaquaplanetclimatechangeexperimentdescribedin Medierosetal 2007(submit-
ted). Our recommendationis that theseshouldremainoutsidethescopeof CFMIP, but
thatacommonexperimentaldesignshouldbeagreedsothatinterestedmodellinggroups
cancompareresultsif they wish.

6. Slabmodelexperimentswerenot recommendedfor CFMIP-2,becauseof the technical
dif�culties thatmodellingcentreshave hadgettinga consistentrepresentationof seaice
in slabandcoupledmodelversions.Themajority view at theParismeetingwasthat if
CMIP4runs1%experimentswith suitablecloudoutput,thentheseshouldbesuf�cient to
track theevolution of theeffective climatesensitivity betweentheAR4 andAR5 model
versionsandto assesslocally coupledcloud/SSTinteractions.(Notethattheeffectivecli-
matesensitivity (Murphy, 1995)estimatestheeventualequilibriumresponseof acoupled
modelandis largely independentof oceanheatuptake rate.)However, theserecommen-
dationsfor theCFMIP-2experimentaldesignwould needto berevisited if 1% andslab
experimentswerenot to berun in CMIP4.

3.4 Sensitivity experiments

The lightweightnatureof theseexperimentsmakestheprospectof runningsensitivity experi-
mentsmoreattractive. Varioustypesof sensitivity experimentsarepossible; thefollowing are
currentlyunderconsideration.

First,modellinggroupsmaywish to assesstheimpactthatperturbingkey modelprocesses
have on thecloud feedbacksin their models.An exampleof this approachwasdemonstrated
in PierSiebesma'spresentationat theParismeeting14, andis thebasisfor probabilisticclimate
predictionssuchasMurphyetal (2004)

Second,sensitivity experimentsmay be usedto test hypothesesthat are madeaboutthe
physicalmechanismsresponsiblefor cloud feedbacksin models. For example,reductionsin
shallow convective detrainmentand longwave cloud top cooling were proposedas potential
causesof subtropicalcloudreductionsat theParismeeting(seesection3.2). Thesehypotheses
couldbetestedin sensitivity experimentswheretheproposedfeedbackloopsarecut.

Third, modellinggroupscouldassesstheimpactof increasingboundarylayerresolutionon
thecloudfeedbacksin their models.SCM/CRMcomparisonsfrom DYCOMS II show SCMs

14seehttp://cfmip.metoffice.com/SiebesmaParis.pdf
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to comparemorefavourablywith CRM resultswhenverticalresolutionis increased(seeWyant
et al (in press),andAdrian Lock's Paris presentation.15 ) If the fundamentalcharacterof the
cloudfeedbackmechanismoperatingin amodelchangeswhenverticalresolutionis increased,
thenthis raisesquestionsaboutits validity at thelower resolution.

For many of thesesensitivity experiments,modellinggroupsmayfeel it necessaryto retune
their modelsto maintaina neutralenergy balancein thepresentdaysimulation. This maybe
doneusingtheusualprocedure,or alternatively by applyingaglobalscalingfactorto thecloud
fractionseenby theradiationscheme.Thelatterapproachmaywell have a lessunpredictable
effecton thecloudfeedbackandwouldalsobelesswork thantheformer.

Giventhepotentiallylargenumberof sensitivity experimentsthatarepossible,it wouldnot
be feasibleto arrangea coordinatedinter-comparison/dataexchangeexercisefor all of them.
The vertical resolutionsensitivity experimentswould probablybe the strongestcandidatefor
a coordinatedinter-comparison,asthe�rst two optionswould beapproacheddifferently from
modelto model. Theseoptionsarecurrentlybeingexploredaspartof a pilot studyinvolving
the Met Of�ce Hadley Centre,MPI andMIROC models. ( Mark Webb,JohannesQuaasand
TomooOgura.)

4 Assessingthecredibility of modelfeedbacks- CFMIP-GCSS
collaboration

In recentyearstheaimsof CFMIP andtheGEWEX CloudSystemStudy(GCSS)have shown
increasingoverlap.As CFMIP-2focusesmoreonunderstandingandassessingthecredibility of
cloudfeedbackmechanismsin climatemodels,therearebene�tsto comparingwith modelsthat
resolve cloudfeedbackprocessesmoreexplicitly. CRMsandLES modelscangive morecon-
sistentlyplausiblesimulationsthanSingleColumnModel (SCM)versionsof NWPandclimate
modelsgiventhesameforcings(e.g.Brown etal (2002)cf Lenderinketal (2004).)Thesehave
beenroutinelyusedby GCSSWorking Groupsto simulatecloudsystemsin presentday case
studymode,for comparisonwith SCMsand�eld observations. However, despitetheexplicit
mandateof GCSSto improve cloud representationin climatemodels,GCSScasestudiesdo
not routinelyexaminethelarge-scalecontext andtheclimatemodelrelevanceof thesimulated
cloud systems.This context canbe provided by CFMIP, which not only documentsclimate
modelcloud-typede�cienciesbut alsoassessestheir impacton modelclimatesensitivity and
its inter-modelspread.Thissynergy led to thedecisionto organizeaworkinggroupat theParis
meetingto explorepracticalroutesfor aCFMIP/GCSScollaboration(ledby PierSiebesmaand
GeorgeTselioudis.)

Theoutcomeof thesessionwasa setof recommendationsto CFMIP andGCSSon future
collaborationthatbothextendsthescopeof existing CFMIP andGCSSinitiativesto betterad-
dresscommonissues,andproposesnew initiativesto integrateresearchcomponentsof thetwo
projects(seetheworking groupsummariesat www.cfmip.net.)Drawing on theserecommen-
dations(andsubsequentdiscussions),we proposethe following planfor futureCFMIP-GCSS
collaboration.

15seehttp://cfmip.metoffice.com/LockParis.pdf
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4.1 Derivation and storing of high fr equencydiagnosticsfr om selected
locationsin the CFMIP-2 and CMIP4 experiments.

Theplan is to selecta setof pointsaroundtheglobewhich sampletherangeof cloud-climate
model feedbacksimportant for climate sensitivity (e.g. the GPCI, seesection3.1). These
will give a clearerpictureof thecloudfeedbackmechanismsoperatingin climatemodels,and
will make it possibleto draw on the expertiseof the GCSScommunitywhenassessingtheir
credibility. They will alsoinform thefuturedesignof cloud-climatefeedbackCRM/LES/SCM
studiesby theGCSScommunity(seebelow). Oneadditionalconsiderationis theselectionof
grid pointsthatfall within thedomainof previousor upcoming�eld experimentsandthathave
formedthebasisof previousor ongoingGCSScasestudies.Thiswill make it possibleto make
useof both detailed�eld studyobservationsandalreadyexisting GCSSmodelexperiments.
Discussionsfor the selectionof the optimal set of grid points to be extractedfrom climate
modelsareongoing. The resultingmodeldatasetwill be storedat the GCSS-DIMEweb site
alongwith observationaldatafor thesamesetof grid points.Thosedatasetswill form thebasis
for future individual andgroupstudiesof cloud feedbackprocesses.(JoaoTeixeira, George
Tseliousdis,Mark Webb,ChrisBretherton,RobWood,SandrineBony.)

4.2 CFMIP-GCSS casestudy.

A commonCFMIP-GCSSlow cloudfeedbackcasestudy, suitablefor runningCRM/LESmod-
elsandSCMsis to be organizedby theGCSSBoundaryLayerworking groupled by Adrian
Lock. Theaim is to useCRM/LESrunsto explorethephysicalprocessesinvolvedin therange
of climatemodelcloudresponses,andto comparethesewith SCMversionsof climatemodels.
A numberof approachesareproposed,andthesearesummarizedbelow:

� A LagrangianmodelexperimentthatincludesCRM, LES,andSCM simulationsalonga
sectionthatencompassesthemainextremesof modelcloudfeedbackvalueswouldserve
to investigatethewide rangeof cloudfeedbackprocesses.TheGPCI is a naturalcandi-
datefor suchanexperiment,sincethecrosssectionwasde�ned to includethemajortrop-
ical cloudtypesandtheir geographictransitions.However, alternativecross-sectionsare
alsobeingconsidered,in ordertobettercapturetherangeof low cloudfeedbackresponses
in theclimatemodels.(PierSiebesma,JoaoTeixeira,AdrianLock, ChrisBretherton.)

� A methodologyfor developingidealizedcloudfeedbackcasestudiesfor thesub-tropics
hasbeendevelopedas part of the US CPT (Brethertonet al 2006). For example,an
SCM/LEStradecumulustransitioncasewith anidealizedSST/subsidenceclimatechange
forcing(ZhangandBretherton,2007)waspresentedby MinghuaZhangattheParismeet-
ing 16 (seeFig. 12). This caseis currentlybeingrunby groupsatStony Brook (Minghua
Zhang),GFDL (Ming Zhao)andthe Met Of�ce (Adrian Lock). Theapproachhasalso
beenappliedto a stratocumuluscaseby CaldwellandBretherton(2007),anda tradecu-
mulus caseis underdevelopmentat the University of Washington(Matt Wyant, Peter
Blossey andChrisBretherton.)

� CloudResolvingModel (CRM) studiesin anEuleriansetting,for a numberof locations
on the GPCI-crosssection,fed by ECMWF model �elds andadvectiontendenciescan
alsoform thebasisof aclimatefeedbackcasestudy(Kuan-ManXu.)

16seehttp://cfmip.metoffice.com/ZhangParis.pdf
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� Cloudfeedbackmodelstudiesusingasimpli�ed aquaplanetframework (seeMedeiroset
al, 2007andhis Paris presentation17) canalsobe usedto derive forcingsfor idealized
cloudfeedbackcasestudies.

Severalissuesrelatedto theset-upof theproposedfeedbackstudyarestill underconsidera-
tion. Theseincludewhetherclimatological,idealized,or instantaneousforcing dataareprefer-
able,andhow to generateclimatechangeforcingsfor theexperimentswhicharerepresentative
of thosein the climatemodels. An importantconcernthat needsto be addressedis the ex-
tentto which theresultsof a somewhatlocalizedfeedbackstudycanbegeneralizedto address
globalcloudfeedbackissues.Observationalcloudclusteringtechniquessuchasthoseusedin
Williams andTselioudis(2007)canbe usedto isolatethe major modesof variability of the
tropicalandsubtropicalcloud�elds andto testtherepresentativenessof theregionsselectedfor
thecloudfeedbackstudies.(GeorgeTselioudis)

Thesevariousapproacheswill bedevelopedin thecomingmonthsandpresentedat thenext
Pan-GCSSmeeting(Toulouse,June2008),afterwhich a concretedesignfor a CFMIP-GCSS
casestudyshouldbeselected.

5 Recommendationsfor standard output fr om CMIP4 and
CFMIP-2.

5.1 CMIP4 and CFMIP-2 Experiments

CFMIP-1 requestedatmosphere–mixed-layerocean(slab)experimentswith a comprehensive
diagnosticlist aimedat understandingand evaluatingcloud feedback. In parallel, the same
experimentwasrequestedby CMIP3(IPCCAR4 datacollection)with aslightly differentdiag-
nosticlist. For for CFMIP-2,weproposethattheCFMIP diagnosticrequirementsareincluded
in thestandardCMIP4 (IPCCAR5) requestsothatmodellingcentresareonly requiredto run
theadditionalCFMIP-2experimentswhichdon't form partof theCMIP4experimentaldesign.
In planningCFMIP-2, it hasbeenassumedthat AMIP, coupledclimateof the 20th century,
pre-industrialcontroland1%/yearincreasingCO2 experimentsusingbasephysicalmodels(i.e.
withoutcarboncycle feedbacks)will againform aprincipalpartof theCMIP4request.Wewill
requestmodellinggroupsto submitdatafrom theproposedCFMIP-2experiments(seesections
3.3and3.4)at thesametime (or in advanceof) thedeadlinefor submissionof CMIP4 output.
GiventhatCFMIP-2experimentswill bemuchshorterthanCMIP4experiments(25or soyears
in length)this will meanthatmodellinggroupscanstartthemlater, giving moretime to setup
any extradiagnosticsrequired.

5.2 Output recommendationsfor CMIP4 and CFMIP-2

TheCFMIP-2diagnosticrecommendationsfor CMIP4 andCFMIP-2experimentsaresumma-
rizedin Table2. Therequestedoutputsareorganizedinto four diagnosticspackagescombined
with a numberof temporalandspatialsamplingoptionsto supporta rangeof analyticaltech-
niquesin the publishedliterature. Eachpackagebuilds uponthe previous oneso that studies
usingPackage3 tendto alsorequirePackages1 and2. Thepackagesare:

17seehttp://cfmip.metoffice.com/MedeirosParis.pdf
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� Package1: CFMIP-12D �elds. This is thesameastheCMIP3 tableA1aexceptwith the
additionof 3 x 2D ISCCPsimulator�elds (seesection2.1),500hPaverticalvelocityand
temperatureandhumidityat700hPa(to calculatelower troposphericstability).

� Package2: CFMIP-1 3D �elds. This is the sameasthe CMIP3 tableA1c exceptwith
the additionof the full 4D ISCCPsimulatordiagnosticsasstandard,3D cloudamount,
liquid waterandice (total or stratiformandconvective) andconvective mass�ux (sep-
aratedinto shallow anddeepif possible).Most of the non-cloud�elds in CMIP3 table
A1c (in which theverticalpro�le is fairly smoothin themonthlymean)wererequested
on pressurelevels. However, to seethe relationshipsbetweencloud andenvironmental
variables(temperature,humidity, etc) it is necessaryto save all 3D �elds at daily and
highertemporalresolutiononmodellevels.Saving theseonstandardpressurelevelsonly
would loseinformationon humidity/temperatureinversionswhich canhave a signi�cant
impacton thesimulationof low level cloudiness(e.g. Lock et al (2000).) We therefore
requestthat3D �elds beingcollectedby CMIP4 at daily andhighertemporalresolution
aresavedon modellevels. A postprocessingtool to convert thedaily �elds to pressure
levelsfor someusersmayalsobenecessary.

� Package3: CloudSat/CALIPSOsimulatordiagnostics.Theexactnatureof theseis still
beingdiscussed,however they are likely to includestatisticalsummariessimilar to the
4D ISCCPsimulatordiagnostics(seefor exampleFig. 4).

� Package4: Cloudtendency diagnostics.Thesegiveinsightinto theprocessesresponsible
for the differentcloud responsesin GCMs. However, asthey will vary from model to
model the proposalis for thesediagnosticsnot to form part of the CMIP4 requestand
will insteadbecon�ned to theadditionalCFMIP-2experiments

Thenumberof additionalvariablesbeingrequestedover theexisting CMIP monthly tablesis
quite small. However, CFMIP-2 alsorequeststhesediagnosticsasdaily meansand3 hourly
instantaneousdatafor a selectednumberof grid pointsfrom theCMIP4 experiments(seesec-
tion 3.1). It is recognizedthat this haspotentialto increaserequesteddatavolumes,so we
limit theseto particulartime periodsandforcingscenarios.Table2 shows thatCFMIP-2is not
requestingany daily or 3 hourly datafrom theCMIP4 scenarioor EarthSystemModel experi-
ments(only from presentdayand1% CO2 experiments)andthat thesedataarerequestedfor
limited periodsof no morethan25 yearsin length. Saving 3 hourly dataat sixty or so point
locationsfor a singlemodelvariableproducesabouthalf asmany datapointsasrequiredfor
an equivalentmonthlymeangriddedglobal �eld at 1.5� resolution.However, thesevariables
would be saved for at most20 years(at equilibrium or time of CO2 doubling)so they would
causeat mosta 10%or so increasein thedatavolumeproducedfrom anO(100)CMIP4 year
integration. For theCFMIP-2experiments,thesedatamaybesavedat timestepfrequency (eg
half hourly.) Many of themodellinggroupstakingpartin CMIP4havetakenpartin theWGNE-
GCSSGPCIproject,andsoalreadyhave experienceof submittingpoint diagnosticsto model
inter-comparisonprojects.

Thestandardoutputrequestedby CMIP3 wassplit into 'higher priority' and' lower prior-
ity' categories. The ISCCPsimulatoroutputwasin the ' lower priority' category. In practice,
many modellingcentreschosenot to submit' lowerpriority' output.Only onemodellinggroup
submittedISCCPsimulatoroutputto CMIP3,eventhoughmany of thesamegroupssubmitted
simulatoroutputto CFMIP(for which it wasmandatory)duringthesameperiod.As modelling
groupsarein practicefreeto submiton not submitwhatever outputthey wish,we requestthat
any suchseparationis avoidedin theCMIP4requestif atall possible.
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Table2 wasdevelopedat the joint CFMIP/ENSEMBLESmeeting(Paris, 2007)during a
break-outgroupleadbyKeithWilliams (MetOf�ce) andKarl Taylor(PCMDI).Representatives
from many modellingcentreswerepresent,togetherwith many of thosewho arelikely to use
thedata.Thegroupwassatis�ed thattheadditionaldiagnosticsandsamplingproposedwould
bevaluableif adoptedaspartof theCMIP4 request.We will continueto work with modelling
centresto illustratethebene�tsof thenew diagnosticsandencouragetheir inclusionandweare
requestingWGCM's supportfor adoptingthediagnosticrequirementsoutlinedabove into the
standardCMIP4 request.

5.3 Data managementissues

Cloud diagnosticsin CMIP4 areexpectedto be hostedaspart of the dataservingstrategy in
placefor AR5, presumablycoordinatedby PCMDI. CFMIP-2will deliver thegreatestbene�t
to thescienti�c communityif its experimentscanbemadeavailablevia thesameroute(ashas
now beenarrangedfor CFMIP-1data.)Hencewe requestthatoutputdatafrom theCFMIP-2
experimentsshouldbehostedaspartof samesolutiondevelopedfor CMIP4/AR5.

6 Acknowledgements

We would like to acknowledgethe following peoplefor their help in the CFMIP-2 planning
process:AlejandroBodas-Salcedo,RobColman,Jean-LouisDufresne,ChristianJakob, Steve
Klein, Adrian Lock, BryantMcAvaney, TomooOgura,RobertPincus,JohannesQuaas,Mark
Ringer, CathSenior, SteveSherwood,PierSiebesma,Brian Soden,Bjorn Stevens,Karl Taylor,
JoaoTeixeira,KeithWilliams, RobWood,MinghuaZhangandYuyingZhang.

References

Bony S, DufresneJL (2005)Marineboundarylayercloudsat theheartof cloud feedbackun-
certaintiesin climatemodels.GeophysResLett 32(20):Vol. 32,No. 20,L20806.

Bony S,DufresneJL, Le TreutH, MorcretteJJ,SeniorCA (2004)On dynamicandthermody-
namiccomponentsof cloudchanges.Clim Dyn 22:71–86doi:10.1007/s00382-003-0369-
6.

Bony S, ColmanR, Kattsov VM, Allan RP, BrethertonCS, DufresneJL, Hall A, Hallegate
S, Holland MM, Ingram WJ, RandallDA, SodenBJ, TselioudisG, Webb MJ (2006)
How well do we understandandevaluateclimatechangefeedbackprocesses?J Climate
19(15):3445–3482.

BrethertonCS,FerrariR, LeggS(2004)Climateprocessteams:A new approachto improving
climatemodels.US ClivarVariations2:1–6.

BrethertonCS (2006)The climate processteamon low-latitudecloud feedbackson climate
sensitivity. USClivarVariations4:7–12.

Brown AR, Cederwall RT, ChlondA, Duynkerke PG,GolazJC,Khairoutdinov M, Lewellen
DC, Lock AP, MacVeanMK, MoengCH, NeggersRAJ, SiebesmaAP, StevensB (2002)
Large-eddysimulationof thediurnalcycle of shallow cumulusconvectionover land.Q J
R MeteorolSoc128:1075–1093.

15



ChepferH, Bony S,ChiriacoM, DufresneJL, SezeG, WinkerD (submitted)Useof CALIPSO
lidar observationsto evaluatethecloudinesssimulatedby a climatemodel.GeophysRes
Lett .

Collins WD, Ramaswamy V, Schwarzkopf MD, SunY, PortmannRW, Fu Q, Casanova SEB,
DufresneJL, Fillmore DW, ForsterPMD, Galin VY, GoharLK, IngramWJ, Kratz DP,
Lefebvre MP, Li J, MarquetP, OinasV, TsushimaY, UchiyamaT, Zhong WY (2006)
Radiative forcing by well-mixedgreenhousegases:Estimatesfrom climatemodelsin the
IntergovernmentalPanelon ClimateChange(IPCC)FourthAssessmentReport(AR4). J
GeophysRes111:D14317doi:10.1029/2005JD006713.

DufresneJL, Bony S (in preparation)Relative contribution of thedifferentradiative feedbacks
to globalwarmingin equilibriumandtransientclimatechangesimulations.JClimate.

ForsterPMDF, Taylor KE (2006)Climate forcings and climate sensitivities diagnosedfrom
coupledclimatemodelintegrations.J Climate19(23):6181–6194.

HaynesJM, MarchandRT, Luo Z, Bodas-SalcedoA, StephensGL (in press)A multi-purpose
radar simulation package: Quickbeam.Bull Am Meteorol Soc (preprint available at
http://reef.atmos.colostate.edu/haynes/radarsim/bamssimulator.pdf).

JakobC, TselioudisG (2003)Objective identi�cation of cloudregimesin theTropicalWestern
Paci�c. GeophysResLett 30(21)doi:10.1029/2003GL018367.

Klein SA, Jakob C (1999) Validation and sensitivities of frontal clouds simulatedby the
ECMWFmodel.Mon WeatherRev 127(10):2514–2531.

LenderinkG, SiebesmaAP, CheinetS, Irons S, JonesCG, MarquetP, Muller F, OlmedaD,
Calvo J,SanchezE,SoaresPMM (2004)Thediurnalcycleof shallow cumuluscloudsover
land:A single-columnmodelintercomparisonstudy. Q JR MeteorolSoc130(604):3339–
3364.

Lock AP, Brown AR, BushMR, Martin GM, SmithRNB (2000)A new boundarylayermixing
scheme.Part I: Schemedescriptionand single-columnmodel tests.Mon WeatherRev
128(9):3187–3199.

McAvaney BJ, Le Treut H (2003)The cloud feedbackintercomparisonproject: (CFMIP). In
CLIVAR exchanges- supplementarycontributions.

MedeirosB, StevensB, Held IM, ZhaoM, WilliamsonDL, OlsonJG,BrethertonCS(submit-
ted)Aquaplanets,climatesensitivity, andlow clouds.JClimate.

MeehlGA, Covey C, McAvaney B, Latif M, Stouffer RJ(2005)Overview of thecoupledmodel
intercomparisonproject.Bull Am MeteorolSoc86(1).

MurphyJM, SextonDMH, BarnettDN, JonesGS,WebbMJ, CollinsM, StainforthDA (2004)
Quanti�cation of modellinguncertaintiesin a large ensembleof climatechangesimula-
tions.Nature430:768–772.

Murphy JM (1995)Transientresponseof theHadley Centrecoupledocean-atmospheremodel
to increasingcarbondioxide: Part III. Analysis of global-meanresponseusing simple
models.J Climate8:496–514.

PhillipsTJ,PotterGL, WilliamsonDL, Cederwall RT, Boyle JS,FiorinoM, Hnilo JJ,OlsonJG,
Xie S,Yio JJ(2004)Evaluatingparameterizationsin GeneralCirculationModels:Climate
simulationmeetsweatherprediction.Bull Am MeteorolSoc85:1903–1915.

16



RandallDA, WoodRA, Bony S,ColmanR, FichefetT, Fyfe J,Kattsov V, PitmanA, ShuklaJ,
SrinivasanJ,Stouffer RJ,SumiA, TaylorKE (2007)Climatemodelsandtheirevaluation.
In ClimateChange2007: The PhysicalScienceBasis.Contribution of Working Group
I to the Fourth AssessmentReportof the IntergovernmentalPanel on Climate Change
[Solomon,S.,D. Qin, M. Manning,Z. Chen,M. C. Marquis,K. B. Averyt,M. Tignorand
H. L. Miller (eds.)].

ReichlerT, Kim J(submitted)How well docoupledmodelssimulatetoday'sclimate?Bull Am
MeteorolSoc.

Ringer MA, McAvaney B, Andronova N, Buja L, Esch M, Ingram W, Li B, QuaasJ,
RoecknerE, SeniorC, SodenB, Volodin E, WebbM, Williams K (2006)Global mean
cloud feedbacksin idealizedclimatechangeexperiments.GeophysResLett 33:L07718
doi:10.1029/2005GL025370.

Rossow WB, TselioudisG,PolakA, JakobC (2005)Tropicalclimatedescribedasadistribution
of weatherstatesindicatedby distinct mesoscalecloud propertymixtures.GeophysRes
Lett 32(21)doi:10.1029/2005GL024584.

Sexton DMH, RougierJ,Murphy J,WebbM (in preparation)Part II: Usinga largenumberof
observationsto constrainaclimatepredictionwith animperfectmodel.J Climate.

SodenBJ, Held IM (2006)An assessmentof climatefeedbacksin coupledocean-atmosphere
models.J Climate19:33543360.

StephensGL, VaneDG, Boain RJ,MaceGG, SassenK, WangZ, Illingworth AJ, O'Connor
EJ,Rossow WB, DurdenSL, Miller SD,AustinRT, BenedettiA, MitrescuC, TheCloud-
SatScienceTeam(2002)TheCloudSatmissionandtheA-Train. Bull Am MeteorolSoc
83:1771–1790.

Taylor KE, Cruci�x M, BraconnotP, Hewitt CD, Doutriaux C, Broccoli AJ, Mitchell JFB,
WebbMJ (2007)Estimatingshortwave radiative forcing andresponsein climatemodels.
JClimate20:2530–2543.

WebbM, SeniorC, Bony S, MorcretteJJ(2001)CombiningERBEandISCCPdatato assess
cloudsin theHadley Centre,ECMWF andLMD atmosphericclimatemodels.Clim Dyn
17:905–922.

WebbMJ, SeniorCA, Sexton DMH, IngramWJ, Williams KD, RingerMA, McAvaney BJ,
ColmanR, SodenBJ, GudgelR, KnutsonT, Emori S, OguraT, TsushimaY, Andronova
NG,Li B, MusatI, Bony S,TaylorKE (2006)Onthecontributionof local feedbackmech-
anismsto therangeof climatesensitivity in two GCM ensembles.Clim Dyn 27(1):17–38
doi:10.1007/s00382-006-0111-2.

Williams KD, TselioudisG (2007)GCM intercomparisonof globalcloudregimes:Present-day
evaluationandclimatechangeresponse.Clim Dyn doi:10.1007/s00382-007-0232-2.

Williams KD, RingerMA, SeniorCA (2003)Evaluatingthecloudresponseto climatechange
andcurrentclimatevariability. Clim Dyn 20:705–721doi:10.1007/s00382-002-0303-3.

Williams KD, SeniorCA, Slingo A, Mitchell JFB (2005)Towardsevaluatingcloud response
to climatechangeusingclusteringtechniqueidenti�cation of cloud regimes.Clim Dyn
24:701–719.

17



Williams KD, Ringer MA, Senior CA, Webb MJ, McAvaney BJ, Andronova N, Bony S,
DufresneJL, Emori S, GudgelR, KnutsonT, Li B, Lo K, MusatI, WegnerJ, Slingo A,
Mitchell JFB(2006)Evaluationof a componentof thecloudresponseto climatechange
in anintercomparisonof climatemodels.Clim Dyn 26:145–165doi:10.1007/s00382-005-
0067-7.

Winton M (2006)Surfacealbedofeedbackestimatesfor the AR4 climatemodels.J Climate
19:359–365.

WoodR, MechosoCR, BrethertonC, HuebertB, Weller R (2007)TheVAMOS ocean-cloud-
atmosphere-landstudy(VOCALS).USClivarVariations5:1–5.

Wyant MC, BrethertonCS,BacmeisterJT, Kiehl JT, Held IM, ZhaoM, Klein SA, SodenBJ
(2006)A comparisonof low-latitudecloudpropertiesandtheir responseto climatechange
in threeagcmssortedinto regimesusing mid-troposphericvertical velocity. Clim Dyn
27(2-3):261– 279 doi:10.1007/s00382-006-0138-4.

WyantMC, BrethertonC, ChlondA, Grif�n BM, Kitagawa H, LappenCL, LarsonVE, Lock
AP, Park S, deRoodeSR,UchidaJ, ZhaoM, AckermanAS (in press)A single-column-
modelintercomparisonof aheavily drizzlingstratocumulustoppedboundarylayer. JGeo-
physRes.

ZhangM, BrethertonCS(2007)Mechanismsof climatefeedbackfrom low clouds:analysisof
idealizedsimulationsusingthecam3single-columnmodel.In preparation.

ZhangMH, Lin WY, Klein SA, BacmeisterJT, Bony S, Cederwall RT, Del GenioAD, Hack
JJ,Loeb NG, LohmannU, Minnis P, Musat I, PincusR, Stier P, SuarezMJ, WebbMJ,
Wu JB (2005)Comparingcloudsandtheir seasonalvariationsin 10 atmosphericgeneral
circulationmodelswith satellitemeasurements.J GeophysRes110(D15).

ZhangY, Klein S,MaceGG,Boyle J (2007)Clusteranalysisof tropicalcloudsusingcloudsat
data.GeophysResLett 34:L12813doi:10.1029/2007GL029336.

18



Figure1: Schematicof CFMIP-2projectandinitiatives.
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Figure2: Sensitivity of shortwavecloudradiative forcingchangesin responseto longtermSSTchanges
predictedin 1%CO2 scenariosfrom 15CMIP3/AR4AOGCMs,separatedinto dynamicalregimes.Dot-
tedlinesshow themaximumandminimumvalues.Theredsquaresandlinesshow themeanandstandard
deviation of the8 highersensitivity versions.The7 lower sensitivity versionsareshown in blue. From
Bony andDufresne(2005).
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Figure3: Top: Meancloud-toppressure– optical depthhistogramsof cloud amountfor the tropical
stratocumulusclusterregime from ISCCPobservationsand from � ve GCMs. Bottom: The relative
frequency of occurrence(RFO)of thetropicalstratocumulusregime(asa fractionof thetotalnumberof
days.)FromWilliams andTselioudis(2007).
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Figure 4: Exampleof CloudSatSimulatorstatisticalsummaryoutput. The �gure shows a height-
re�ectivity histogramcalculatedfrom oneGCM gridbox of the MMF usingCICCSwith Quickbeam.
Two hydrometeorspeciesareused,cloud ice andwater. Theseareamenableto clusteranalysisas in
Zhanget al, 2007andcanbe usedto validatemodelsin free runningclimatemode. (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,comparableto theCloudSatfootprint size. The lower panelshows
the radarre�ectivity (in dBZ) observed by CloudSat. (AlejandroBodas-Salcedo,Met Of�ce Hadley
Centre).
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Figure6: Ensemblemeancompositesfrom nineslabmodelsusingchangesin 500mbverticalvelocity
(! 500) andsaturatedlower troposphericstability (� 0

es) (Williams et al 2006). a) Relative frequency of
occurrence(RFO)of changesin ! 500 and� 0

es at CO2 doubling.b) SW cloudradiative forcing response
compositedby ! 500 and� 0

es. c) andd) asb) but for LW andNet components.e) - f) asa) - d) but for
presentdayspatio-temporalvariations.
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Table1: RMS differencesof tenmodels'present-day! 500 and� 0
es cloudradiative forcing composites

with ERBE/NCEP, adaptedfrom Williams et al 2006.In eachcolumn,the� vemodelswith thesmallest
RMS differencesarein blue,with theremaining� ve in red. The� ve modelswith thesmallestaverage
RMS differencehave (onaverage)higherclimatesensitivities.
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Figure7: ZonalMeanfor January-February-Marchzonalmean(top left) attenuatedbackscattersignal
measuredby Caliop/CALIPSO(in m-1sr-1), (top right) cloudfractiondeducedfrom theobserved lidar
signal,(bottomleft) cloud fraction predictedby the LMD GCM and(bottomright) cloud fraction di-
agnosedfrom theattenuatedbackscattersignalsimulatedfrom theGCM outputs.From Chepferet al.
(2007).
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Figure8: Octobertime-heightsectionsof relative humidity (shading,darker grey = morehumid)and
cloud fraction (blue contoursevery 10%) at 85W, 20S in the SE Paci�c stratocumulusregime from
climatologicalCAM3 (top)andAM2 (bottom).FromBrethertonetal. (2006).
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Figure 9: Diurnal cycle in low cloud cover in threemodelsalong the GCSSPaci�c CrossSection
(125W,35N) to (187W,1S). From the WGNE-GCSSPaci�c CrossSectionInter-comparison(GPCI)
Project.(JoaoTeixeira)
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Figure10: Potentiallocationsfor high frequency modeloutput. a) Shows the inter-model standard
deviation in thenetCRF(CloudRadiative Forcing)responseto CO2 doublingin twelve slabmodels.b)
Shows thecorrelationof thelocal netCRFresponsesfor thesemodelswith theglobalmean.TheGPCI
crosssectionlocationsaremarkedwith +'s. TheCPTlocationsaremarkedwith squares.Thediamonds
show a SouthPaci�c crosssectionproducedby extendingtheVOCALS transect(75-85W,20S)towards
thenorthwestto intersectwith a region of large inter-modelspreadwhich samplesa rangeof positive
andnegative low cloudfeedbacks.Thetrianglessamplea numberof locationswith CRFresponsesthat
correlatewell with theglobalmeans,many of whicharein theclimatologicaltradecumulusregions.
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Figure11: Temporalcorrelationsbetweencloudcondensateandsourcesof thecloudtendency equation
in responseto instantaneousCO2doubling(zonalandannualaverages).Cloudsources:(a,d)conden-
sationminusevaporation,(b,e) ice sedimentation,(c) depositionminussublimation. (a-c) HadGEM1,
(d-e)MIROC3.2. Zerovaluesareassignedto negative correlationcoef�cients, andthesign is changed
to negative when correlationcoef�cient is positive and cloud responseis negative. Contoursdenote
temperature(0 C: 1xCO2,-15Cand-40C:2xCO2). (TomooOgura)
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Figure12: (a) Schematicsetupof large-scaleadvective forcing of temperatureandwatervapourover
low clouds.(b)Pro�les of subsidencerateoverthecoldpoolfor thecontrolclimate(blue)andthewarmer
climate.In thewarmerclimate,seasurfacetemperatureis raisedby 2 degrees.(MinghuaZhang)
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Table2: Diagnosticrecommendationsfor CFMIP-2andCMIP4experiments.
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