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

2) use ecld to distinguish convective core, 
thick cirrus, thin cirrus (only IR sounder)
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Motivation
Climate warming : changes in UT clouds, tropical convective intensity & organization ?
-> size & emissivity structure of cirrus anvils -> heating gradients -> large-scale circulation

Machine Learning provides 15 years of 3D tropical diabatic heating rate profiles for process & climate studies 

Conclusions & Outlook

-> quantify dynamical response of climate system 

to atmospheric heating

3D snapshot reconstruction using synergistic data & Machine Learning

expand vertical structure & precipitation info across AIRS / IASI swaths via ANN:
1) develop optimized ‘non-linear regression & classification models’ based on neural networks,

training on collocated data (AIRS-CloudSat-lidar 2007-2010, AIRS-TRMM 2004-2015, IASI-TRMM 2007-2015)

2) apply these models on the whole CIRS data record (2003-2019)
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Goals
- understand relation between convection, cirrus anvils & radiative heating
- provide observational metrics to probe processes involving UT cloud systems

Approach
To advance our understanding on UT cloud feedbacks, we are coupling

• IR Sounder near-cloud-top properties sensitive to cirrus (day & night) & good instantaneous coverage Stubenrauch et al. ACP 2017

• vertical structure & rain areas within UT clouds from CALIPSO-CloudSat & ML   Stubenrauch et al. ACP 2023

• 3D diabatic heating radiative from CALIPSO-CloudSat & ML & latent from TRMM & ML Stubenrauch et al. ACP 2021, Chen et al. ACPD 2024

• Eulerian Cloud System Concept relating cirrus anvil properties to convection Protopapadaki et al. ACP 2017

• metrics of convective organization based on precipitating areas within UT clouds Mandorli & Stubenrauch GMD 2024

• Lagrangian Convection Tracking based on cold TB
IR (Fiolleau et al. 2020) & precipitation (Takahashi et al. 2021)

• simulation experiments, to study changes in atmospheric circulation for different situations of convective organization 

with & without Cirrus - radiation interaction (in cooperation with Laurent Li, LMD & Anthony Baran, MetOffice)

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

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

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

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

➢CIRS data recently reprocessed (changing ancillary data from ERA-Interim to ERA5) : 2003-2024
after evaluation will be distributed via  https://cirs.aeris-data.fr/

➢Data record shows interesting features in UT cloud changes

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

Clouds from IR Sounders (CIRS)

CIRS data produced & distributed by AERIS: 2003-2018 (ERA-Interim ancillary data) https://cirs.aeris-data.fr/
Retrieval adapted to ERA5 ancillary data & new production:    2003-2024 (ERA5 ancillary data, AIRS L1C data) 

AIRS, CrIS IASI (1,2,3), IASI-NG
≥2003 : 1:30 AM/PM ≥2007 : 9:30 AM/PM

Process-oriented behaviour
of mesoscale convective cloud systems

Development of scene-dependent ANN models

Qrad: well predicted means & variability

LH: well predicted means & 

underestimated variability

ANN provides snapshots of horizontal structures

vertically integrated LH & ACRE 

well aligned !

differences between

La Niña - El Niño !

ANN

ACRE: Atmospheric Cloud Radiative Effect

Heating pattern changes related to tropical surface temperature anomalies 

Times series correlation (r=0.71) between MCS upper tropospheric & low tropospheric cooling demonstrates 
energetic constraint between convective and subsidence regions

Relation between latent & radiative heating in mesoscale convective systems
proxy for convective organization: MCS size mature MCSs (core frct 0.4-0.6), MCSs > 10000 km2

At similar rain intensity (LP), larger, more organized MCSs

1) generally heat atmosphere more than smaller MCSs

2) show larger vertical heating gradients in LH (more stratiform rain) & radiative heating
(more cooling above and more heating within MCS)


