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Motivation & approach s convecivacore

detrainment

Climate warming :
canwe detectchanges in U€loudssofar?

entrainment

change in tropical convectivatensity & organisation ?
-> size &emissivitystructure of cirrusanvils
-> heatinggradients-> largescalecirculation

Toadvanceour understandingon UTcloudfeedbacksye are coupling

A cloud-top properties: from IRSoundeysensitive to Ci (day-night) & goodinstantaneouscoverageStubenrauch et al. ACP 2017)
A Eulerian Cloud System Concept: relating cirrusanvil propertiesto convection(Protopapadaket al. ACP 2017)

A vertical structure & rain areas within UT clouds: from CALIPS@loudSag& ML (Stubenrauch et al. 2023)

A 3D diabatic heating: radiative from CALIPS@loudSa& ML &latent from TRMM & ML

Lagrangian Convection Tracking

metrics of convective organisation

-> quantify dynamicalresponseof climatesystem toatmospheridheating




CloudsffromHRSodnder (CIRS)

AIRS IASI(1,2,3) IASING
02 0 @:20 AM/PM 02006 / O @woAMPM O 2020 Stubenrauch et al., ACP, 2017
highcloudamount AIRS-CIRS

U good IR spectral resolution -> sensitive to cirrus
similarperformanceday & night, COQ.> 0.1,
alsoin the case olower cloudsunderneath

N U goodarealcoverage
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CIRS datproduced& distributedby AERIS: 2003-2018(ERANterim ancillarydata)

Retrievaladaptedto ERAmnNcillarydata & new production: 2003-2024 (ERASnNcillarydata, AIRS L1C data)
evaluationstill in progress in particularfor 2024 due to Aqua timeyifting
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Can we detect changes in UT clouds
due to warming in our current climate ?

30N30S
2004-2023

preliminary



Changesrinrtropical UToclouds

U changes are@erysmallandtherefore verydifficult to detect
U ENSO signalften stands out as major driver @friabilityin climaterecords(Liu et al. 2021)
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U CIRSvery slightdecreaseof annualhighice cloud amount
i Thisdecreasestemsfrom reductionduring monthswith maximumamount (reduction of variability)
Whichtype of WTcloudsare these?

CALIPSO high cloud anomat#psarsesampling & short timeserie§ inconsistentoetweenboth retrievals




Radiative-effects of Udlcloudsdependtonitheir optical depih /eniss

S Sokol et al. 2024
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Changesnin/Udl«clouds dependenttonitheiiemissivity

74 — climatological cloud amount (CA) 30N30S
mm CAincrease with 1 K warming
A AIRSCIRSera5 2062023 61 00 CA decrease with 1 K warming

A UTclouds p,4< 350 hPa

A lineartrend in time peemissivityinterval

density

A assumingdTddt = 0.5 K/decade

1 0-0eyq
tropical WiTcclou@missivitydistribution is shifting:
verythin & verythick UT cloudsdecreasdowardsmiddle




Changesnin/Udlclouditypesnc@oh& warmdaegions

o Do opaquecloudsthin out or do convectivéowers/ thick anvilsshrink? 30N30S, AIRSIRSerab 202023
o Getverythin Cithickeror dothey disappear?
o Whereisthis happening ?

‘ UT cloud-changesmilarin cool & warnregions h H UT WWNVEEQ, 1. SHift towardslargervaluesi hwaﬁmeii@mH
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Geographicatichanges i Ubeloudstypesoceurrence

30N30S, AIRCIRSera5 2062023
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U verythin UT cloudsdecreasdn regionsof deep convection
U ITCAnith very thick UT cloudsseemste narrow




Synergistic dataset to describe UT cloud systems
3D /4D

Colocation reduces the combined dataset to overlap of individual datasets
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e ANN reogoressmn / classification for expansion
r|f| ial Neural
in space & time



3D snapshotdeconsiruction using synergisticadata & ivachine) lcear
add heating rates.& pregipitation

emissivitystructure of UTcloudsystems
IR sounder: horizontal structure [ £>0.92 | [ £50.60 |
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Latent Heating: LT within 20 min of 1h30 AM
TRMM radar small coverage at specific LT

...........................................................................................

rad. heating & precipitation:
CloudSatidar onnarrow nadir tracks

expand vertical structure & precipitation across AIRS / IASI swaths via ANN:

1) developregression& classificatiormodels
training oncollocateddata (AIRSCloudSatidar 20072010, AIRSFRMM 20042015, IASTRMM 20072015)
2) applythesemodelson thewhole CIRS data recordo042018)

Forward Propagation

use derived atmospheric properties (similar for AIRS & IASI) :

X: CIR8oudvariables & ERMterim atmosphere surface
F(X) : CloudSatidar radiativeheatingrates, Z,, & Z,,-Z,,s Cloudlayering rain rate
from NASA FLXHR v4 GEOPROF, PRECHeolumn

TRMMlatent heatingratesfrom NASA SLH v6

Backward Propagation Source: RPramodithausingdraw.io



shapshotsofhorizontal siructeres

[ different for LaNina- El Niho

3 Jan 2008 (Llalna) 17 Jan 2016 (EI Nlno)
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[ verticallyintegratedLH & ACR&ell aligned!




Stubenrauch et al. ACP 202-

Tropical deep convective organization
derivedfrom spatial distribution of convectivebjects

1) How to define convective objects

—+= Tb < 15% (240.2 K) —-= RainRate > 85% (0.681)
=== Tb < 5% (223.0 K) -== RainRate > 95% (2.0)
— Tb <1.2% (210.0K) —— RainRate > 98.8% (2.681)

2001

4001
s
&
£ 600
[«
800 1
1000
0 10 20 30 40 50
LH [K/day]

ML rainrate classification morg@owerful
to identify large LHhan TR

2) How to define organization metrics

Organization indices are discriminators
between clustered and unclustered objects Indices:

clustered random lorg
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(Tompkinset al. 2017)
(Retschet al. 2020)
(White et al. 2018)
(Tobin et al. 2013)

Exampldorg: considers cumulativenearest
neighbour& randomdistribution

lorg 0¢1
lorg= 0.5 noorganization
lorg> 0.50rganization



Inter-annual variability of tropical deep convective organization
convectiveorganizationnot easyto quantify

Stubenrauch et al. ACP 20:
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Pattern changes in ACRM& indicesmaybe more robust

& single index talescribeconvectiveorganizationmaynot be sufficent
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Processoriented behaviounomesoscaleonvectivecclodd \systems

Stubenrauch et al. ACP 2023

Eulerian Cloud System Concept using p,y & €,4 Stubenrauch et al. JAMES 20
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CIRS-ML Synergy with Lagrangian convection tracking

combine MCSs from tracking to anvil properties

[TOOCAN

b Fiolleau %Bi E

Snapshot at 1:30PM, 4 Jan 2016
% 10°N

ES &‘ 5°N
el ] "l0°
2IT5°S
_ “l10°S
w - J15°S

hY
PR Y
> LS _a\ﬁ

100°E 120°E

140°E

~160°E

| = 10°N

L Simat s eN

e . 0°
5 °S

. -aw10°S

—{15°S

120 E

140°E.
tems

-{10°N
IR ° N
e THO0°
[
. -10°S
s-{15°S

T00°E

120°E

140°E

“160°E

How is Cirrus & its heating related
to deep convection & its organization ?

TOOCAN: coldmesoscaleonvectivesystems
fine spatial & temporatesolution
trackingyieldslife time & stagematurity size

-> cold T (& precipitation) tracking miss anvil parts

CIRS-ML: largeenvelope®f UT cloudystemsawith
additionalinformation (HR, LHthin Ci &anvil propertieg

MODIS: muchbetter spatialresolutionthan CIRS:
still largeenvelope®f UT cloudystemd
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dissipating stage: long-living MCSghicker & higherthan shortliving MCSs



Conclusions:& Qutlook

U Synergy of different satellite instruments provides a more complete picture of clouds

U complete 3D snapshots & longer time series by ML (CIRS-ML)
-> convective organization & process studies

U Eulerian Cloud System Concept allows
- to study relationships between convection & anvils
- process-oriented evaluation of GCM parameterizations

U Synergy of UT cloud envelopes & Lagrangian MCS Concept adds life time & life stage
- to study relationship between convection & thinner parts of anvils

U CIRS data recently reprocessed (changing ancillary data from ER#terim to ERAS) 2003-2024
after evaluation will be distributed via

0 Data record shows interesting features in UT cloud changes

U To reprocess the more complete CIRS-ML dataset, colocation and retraining of ANNs necessary



CIRS-ML 3D cloud structure dataset distributed at https://gewex-utcc-proes.aeris-data/fr/data

20042018: on AIRS swath at 1:30 AM & PM, spatial resolution §frfee8CDRormat

general vertical structure radiative heating
_LI_J 1C time Z¢\dtop SWheatingrate
i Zeldtop™ Zeldbase LWheatingrate
Psurf : for eachcld type at 22 pressurdevels
solarzenith

[ Rain Rate classification | ¢jr skymonthiymean

CIRS cloud retrieval Rain Rateéndicator SWheatingrate
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Ll ooy @Je, @lrehy CIRS-ML trained on CloudSat-CALIPSO

cldtype fractions:
Cb, Cithin Ci, mid-low GEOPROF, PRECIP-column & FLXHR

Stubenrauch et al. ACP 2017 Stubenrauch et al. ACP 2023 Stubenrauch et al. ACP 2021

TOOCAN Tracking of organized convection (> 2012) ahttps://toocan.ipsl.fr/  Fiolleaus Roca 2013




DiscussionpointS forccomplete) 3D 1) 4B description of Wildcloudrsys

U Colocation: which data should be taken, in particular for radiative heating rates ?

CloudSat-CALIPSO observations

U0 ANN prediction good for means, but not for extremes:
are there better methods to combine with latent heating ?

U Cloud system data: would this dataset be useful to distribute? -

U AIRS data driftin2:30AM/PM in Jan 202%) will end in 2026
similar ANN approach with other cloud data ?

ISCCING +EarthCards Dt a b X K
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