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Åprovide observational metrics to probe process understanding

Åadvance understanding on feedback of upper tropospheric clouds



-> GEWEX PROES(Process Evaluation Studies)

NASA obs4mip meeting (April 2014) 
-> need to use observations more intelligently to probe process understanding

(Stephens, Jakob & Tselioudis GEWEX News Nov 2015)

ωUpper Tropospheric Clouds & Convection(lead C. Stubenrauch, G. Stephens) ςSPARC
- WCRP Grand Challenges

ω Ice mass balance (lead E. Larour, S. Nowicki), GEWEX - CLiC

ωRadiativeKernels for Climate (lead B. Soden)

ωMid-latitude storms (lead G. Tselioudis, C. Jakob)

ωSoil moisture climate (lead S. Seneviratne) 

5 GEWEX-related PROES  activities developing:



UTCC PROES : Motivation

UT clouds play a vital role in climate system by
ƳƻŘǳƭŀǘƛƴƎ 9ŀǊǘƘΩǎ ŜƴŜǊƎȅ ōǳŘƎŜǘ ϧ ǳǇǇŜǊ ǘǊƻǇƻǎǇƘŜǊƛŎ ƘŜŀǘ ǘǊŀƴǎǇƻǊǘ

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

²Ƙŀǘ ƛǎ ǘƘŜ ǊƻƭŜ ƻŦ ŎƛǊǊǳǎ ƛƴ ƳƻŘǳƭŀǘƛƴƎ ǘƘŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜΚ

dark -> light blue,
according to decreasing ecld

Goal: understand relation between convection, cirrus anvils & rad. heating
provide obs. based metrics to evaluate detrainment processes in models



Neggers et al. 2007

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

ŦǊƻƳ {ŜƛƧƛ YŀǘƻΩǎ ǘŀƭƪ ŀǘ Lw{ нлмс

Interconnections: shallow cumulus ςdeep convection



Other feedback hypotheses

üThermostat(Ramanathan & Collins 1991) : warmer environment creates thicker Ci anvils 
-> subsequently cooled by more reflective Ci (negative feedback)

üHumidistat (Stephens et al. 2004, Lebsock et al. 2010) : self-regulating radiative ς
convective feedback mechanism in 3 phases :

üIRIS effect(Lindzen et al. 2001) : warmer environment -> increase in precip. efficiency -
> decrease of anvil area  (negative feedback)

üStability IRIS effect(Bony et al. 2016) : warmer environment -> anvils rise 

-> increase in static stability-> reduction of convective outflow
enhanced convective aggregation -> increased IRIS effect (Mauritsen & Stevens 2015)

including cloud-radiative effects -> narrowing of rainy areas



1. GEWEX UTCC PROES meeting

Feedback hypotheses
V. Ramaswamy, T. Mauritsen,S. Bony

Ressources
1) observations: cloud systems and atmospheric environment
W. B. Rossow, H. Masunaga, D. Bouinol, R. Roca, G. Sèze, S. Protopapadaki, C.-K. Teo

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 parameterizations(LMDZ, CNRM, ETHZ)
C. Risi, C. Rio, , J.-B. Madeleine, B. Gasparini

4) Radiative transfer
¢Φ [Ω9ŎǳȅŜǊ ΣC. Stubenrauch

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

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

Paris, 16 Nov 2015 



GEWEX UTCC PROES discussions at IRS

V. Ramaswamy(GFDL), A. Baran (MetOffice), D. Bouniol(CNRM), R. Roehrig(CNRM), 
B. J. Sohn(Seoul Univ. ), S. Kato(Nasa Langley), H. Okamoto (Kyushu Univ.), M. Wendisch

(Univ. Leipzig), S. Kinne(MPI-M), C. Stubenrauch(LMD)

1) parse the thematic question into specific actionable questions

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

Auckland, 17 Apr 2016 



Why using IR Sounders to derive cirrus properties?

ülong time series & good areal coverage

ügood IR spectral resolution -> sensitive to cirrus 
COD > 0.2, also above low clouds, day & night

TOVS, ATOVS,  AIRS, CrIS,    IASI (1,2,3), IASI-NG
>1979   /  Ó 1995        Ó2002  /  Ó 2012      Ó2006 / Ó 2012    / Ó 2020  

7:30 AM/PM               1:30 AM/PM 9:30 AM/PM

January
AIRS-LMD
2003-2015

ISCCP
1984-2007

high cloud amount : CAH

%

from GEWEX Cloud Assessment Database reanalysis V2

cloud height evaluation 
with CALIPSO 



Identification of mesoscale high cloud systems (1)

aŜǘƘƻŘ мΥ Ψ²ŜŀǘƘŜǊ {ǘŀǘŜǎΩ 
build clusters by occurrence of cloud classes per mesoscale grid (2.5 / 2° )

-> ISCCP (e.g. Tselioudis et al. 2013), (pcldςtcld) histograms

-> AIRS(pcldςecld) histograms

clouds are extended objects, driven by dynamics -> organized systems

distinct vertical & horizontal structures & radiative effects

but no information of system size

observational radiative-convective feedback (e.g. Tselioudis & Rossow 2010, Lebsock et al. 2010)

tropical convection (e.g. Rossow et al. 2005, Jakob & Schumacher 2008, Tan et al. 2015)

very valuable for model evaluation (e.g. Gehlot & Quaas 2012)

Comparison with ISCCP:  

good agreement, thin Ci & Ci over low cld often indicated by ISCCP as fair weather (WS7)



Method 2: merge adjacent footprints containing cold clouds using TB
IR window

Machado & Rossow 1993 (<245 K, Cb < 218 K), 

Yuan & Houze 2010 (<260 K, Cb from AMSR-E rain rate), 

Fiolleau & Roca 2013 όғ ноо YΣ /ō ŦǊƻƳ ¢waa Ǌŀƛƴ ǊŀǘŜύ ΧΦ

Identification of mesoscale high cloud systems (2)

TB
IRdepends on Tcld & on ecld, whereas Tcld & ecld are independent variables:

T 
(K)

ecld

increasing TB
IRthreshold includes opaque clouds with Tcld ~ TB

IR

& clouds with colder Tcld & smaller ecld

215K / 233K / 245K / 260K
0.98   / 0.92   / 0.8    / 0.6

AIRS 
analysis

30N-30S

Method 3: merge adjacent footprints containing high clouds (pcld) from AIRS
Protopapadaki et al. 2016, in review

-> study thick anvils life cycle studies



proxies of convective intensity - strength ςdepth
vertical updraft : TRMM / CloudSatEcho Top Height(Liu & Zipser2007, Takahashi& Luo2014)

Levelof Neutral Buoyancy: soundings/ max mass flux outflow (Takahashi& Luo2012)

area of heavyrainfall : CloudSat-AMSR-E-MODIS (Yuan & Houze2010)

width of convective core(CC):  CloudSat(Igelet al. 2014)

cold cloudtop : TB
IR (Machado & Rossow1993), Tcld (Protopapadakiet al. 2016)

mass flux :  ERA-Interim + Lagrangianapproch(Tissieret al. 2016), 

A-Train + 1D cldmodel (Masunaga& Luo2016)

Liu, Zipserand Nesbitt 2007

typicalstrongsystems
6-yr TRMM statistics

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



observational metrics 
to probe process understanding

 

Cloud system approach: 
studypropertiesof UT systems(size, thin to thick anvil, etc) as function
of their convective strength(proxies: Tmin / size of convective core)

behaviorcanbestudiedby CRM models
and canbeusedfor climatemodel evaluation(optimal spat. res. 0.5°)

How do the anvil properties change with convective strength?

Convective cloud systems 
on CloudSat track

Igel & van den Heever 2015

 

Protopapadakiet al. 2016, in review



UTCC PROES Synergies
Horizontal structure data:
AIRS cloudsystems
surface precipitationfrom AMSR-E/TRMM/GPCP 
environmentalstate data from reanalyses
MODIS-CERES convective cloudobjects(initial spat. res. 1 km -> 20km)

UTH from AIRS-AMSU/MLS
dDfrom MIPAS 
fluxes from CERES 

Horizontal ςvertical hybrid data:
- AIRS - vertical structure, microphysics& heatingrates from CALIPSO-CloudSat
- CloudSatconvective systems(Takahashi& Luo) - AIRS convective cloudsystems

Time dimension for life cycle analysis: 
AIRS-IASI-GridSat-ISCCP-Megha-Tropiques


