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-> GEWEX PROB$Socess Evaluation Studies)

NASA obs4mip meeting (April 2014)
-> need to use observations more intelligently to probe process understanding
(Stephens, Jakob & Tselioudis GEWEX News Nov 2015)

5 GEWEXelated PROES activities developing:

w Upper Tropospheric Clouds & ConvectifeadC.StubenrauchG. Stepheng SPARC
- WCRP Grand Challenge

w lce mass balance (leadE.Larour S.Nowick), GEWEXCLIC
w RadiativeKernels for Climate (leadB.Soden
w Mid-latitude storms (leadG. TselioudisC.Jakol)

w Soil moisture climate (leadS.Seneviratng



UTCC PROES :
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UT clouds play a vital role in climate system by
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They often form mesoscale systems extending over several hundred kilometres.

Cirrus form as outflow of convective / frontal systems
or in situ by large-scale forcing

How does convection affect UT clouds & vice versa?

Critical to feedbacks: cirrus radiative heating

How do cirrus change in warming climate?® rad. heating-> atm. Circulation
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Goal understand relation between convection, cirrus anvils & rad. heatin
provide obs. based metrics to evaluate detrainment processes in models



Interconnections:shallow cumulus; deep convection
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More humid boundary layer> more shallow cumulus
-> dryer free troposphere> narrower ITCZ
-> stronger precipitation by deep convective clouds



Other feedback hypotheses

U Thermostat(Ramanathan & Collins 1991warmer environment creates thicker Ci anv
-> subsequently cooled by more reflective Ci (negative feedback)

U Humidistat (Stephens et al. 2004, Lebsock et al. Ja1selfrequlating radiativeg

Sea Surface Temperature (SST)

convective feedback mechanism in 3 phasem.— iy e

Iy

ASST>0 ASST<0 ASST~0

U IRIS effec(Lindzen et al. 2001 warmer environment> increase in precip. efficieney
> decrease of anvil area (negative feedback)

U Stability IRIS effec{Bony et al. 201p: warmer environment> anvils rise

-> increase in static stability reduction of convective outflow
enhanced convective aggregatienincreased IRIS effe@lauritsen & Stevens 2015)
Including cloueradiative effects> narrowing of rainy areas



1. GEWEX UTCC PROES meeting

Paris, 18Nov 2015
Feedback hypotheses

V. Ramaswamyl. Mauritsen,S. Bony

Ressources

1) observations: cloud systems and atmospheric environment
W. B. Rossow, H. Masunaga, D. BouiRoRoca, G. Séze, S. ProtopapadakkK (eo

2) including the atmospheric flow: Cirrus origin and life cycle
J. Luo, B. Legras, R. Plougonven, A. Podglajen

3) processes and parameterizations (parcel, CRM, GCM)
Small scale process modelling S. van den Heever
Large scale development / evaluation of parameterizationd.MDZ, CNRM, ETHZ)
C. Risi, C. Rio, ;B. Madeleine, B. Gasparini

4) Radiative transfer
¢ d [ QO.Gtdberfsabidh =

next day:Discussion on Synergetic data base
J. Luo, G. Stephens, G. Seze, S. Protopapadaki, S. Stubenrauch

Interested in cirrus> anchor data base to AIRS upper tropospheric cloud systems



GEWEX UTCC PROES discusatdRS

Auckland, 1 Apr 2016

V.RamaswamyGFDL)A. Baran letOffice), D.Bouniol(CNRM), RRoehrigCNRM),
B. JSohn(SeoulUniv ), SKato(NasalLangley, H. Okamoto (Kyushuiniv), M.Wendisch
(Univ Leipzig), Xinne(MPIM), C.StubenrauckiLMD)

1) parse the thematic question into specific actionable guestions

2) see how these can be addressed within CFMIP activities
presentation at CFMIP conference attracted CRM community

3) LMDZ tests cloud system simulator to assess convection /
detrainment / microphysics schemes

2) make an inventory of variables needed
& sources, uncertainties

3) build synergetic data bases to address each of the questions
Instead of one synergetic data base which includes all information



Why using IR Sounders to derive cirrus properties

U good IR spectral resolutior sensitive to cirrus
COD > 0.2, also above low clouds, day & night®
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|dentification of mesoscale high cloud systems (1

clouds are extended objects, driven by dynamieorganized systems
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build clusters by occurrence of cloud classes per mesoscale grid (Z.5)/ 2

-> |SCCR.g. Tselioudis et al. 201,3p.4 ¢ ty) histograms

-> AIRSp |dce|d) histograms Deep Convection  Storms CiAnvils thin Ci Ci over low cloud
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Comparison with ISCCP: °
good agreement, thin Ci & Ci over low cld often indicated by ISCCP as fair weather (WS

distinct vertical & horizontal structures radiative effects

observational radiativeonvective feedbacle.g. Tselioudis & Rossow 201@psock et al. 20)C
tropical convectione.g.Rossow et al. 2005, Jakob & Schumacher 2008, Tan et a). 2015
very valuable for model evaluatiqna.g.Gehlot & Quaas 2032

but no information of system size



|dentification of mesoscale high cloud systems (2

Method 2: merge adjacent footprints containing cold clouds usingRmindow
Machado & Rossow 1993 (<245 K, Cb <218 K),

Yuan & Houze 2010 (<260 K, Cb from AMSRrain rate),

Fiolleau & Roca 2013 Of HoOO YX /0 FTNRY ¢waa NIAY

TR depends on J;& one,y Whereas I, & e, qare independent variables:
T 270E —Tbr

(K H | increasing d"threshold includes opaque clouds witly + T
AIRS ;%ﬂﬂ & clouds with colder J; & smallere,
analysis oI 215K / 233K / 245K / 260K
son30s I 0.98 /0.92 /0.8 /0.6
> study thick anvils life cyclestudies
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Method 3: merge adjacent footprints containing high cloudsp from AIRS
S 07_07_01_AM 2 airs | ProtoE)apadakl et aI. 2016 in review
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proxies of convective intensity strength ¢ depth

vertical updraft : TRMM /CloudSaEcho ToHeight(Liu &Zipser2007, Takahash& Luo2014)
Levelof Neutral Buoyancy: soundingd max mass fluoutflow (Takahash& Luo2012)
area ofheavyrainfall : CloudSatAMSREMODISYuan &Houze2010)

width of convectivecore (CC):CloudSatigelet al. 2014)

cold cloudtop : TgR(Machado &Rossowl993), T, (Protopapadaket al. 2016)

mass flux : ERAInterim + Lagrangiampproch(Tissieret al. 2016),
A-Train + 1xld model (Masunaga& Luo2016)

land : large updraft & CC, large ETH (large particles at high altitude), small systems

ocean: smaller updraft & CC, large systems
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observational metrics
to probe process understandin
How do the anvil properties change with convective strength?

Cloud systenapproach
studypropertiesof UTsystemgsize,thin to thick anvil, etc) asfunction
of their convectivestrength(proxies T,/ size of convectiveore)
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behaviorcanbe studiedby CRMmodels
andcanbe usedfor climate modelevaluation(optimal spatres 0.5)



UTCC PROES Synergies

Horizontal structuresdata;

AIRS|loud systems

surfaceprecipitation from AM SF
environmentalstate datafrom r

MODISCERES convectig®udobjects(initial spat.res 1 km-> 20km)
UTHfrom AIRSAMSU/MLS

dD from MIPAS

fluxesfrom CERES



