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Ø satellite observations: good spatial coverage 
Ø long time series -> climate studies 
Ø channels along the CO2 / H2O absorption bands (with different  
    vertical contribution functions) allow sounding the atmosphere  
Ø Both day- and nighttime retrieval of: T, H2O profiles; surface,  
    cloud and aerosol properties 
Ø high spectral resolution: esp. reliable Cirrus properties 
Ø increasing spectral resolution → increasing vertical resolution  
   of the upper tropospheric humidity 

TOVS: TIROS Operational Vertical Sounder : High resolution InfraRed Sounder (HIRS) / Microwave Sounding Unit (MSU) 
ATOVS: Advanced TIROS Operational Vertical Sounder: HIRS / Advanced Microwave Sounding Unit (AMSU) 
AIRS: Atmospheric InfraRed Sounder + AMSU 
CrIS: Cross-track Infrared Sounder + Advanced Technology Microwave Sounder (ATMS) 
IASI: Infrared Atmospheric Sounding Interferometer 

Climate monitoring with IR Sounders  

onboard polar orbiting satellites, with local observation time at: 
7:30 AM/PM,  1:30 AM/PM,  9:30 AM/PM 
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εcld, pcld (Stubenrauch et al. 1999, 2006, 2008, 2010) 
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atmospheric temperature & water vapor profiles, Tsurf  
(Scott et al. 1999) 

3I-TOVS NASA-AIRS 
(Susskind et al. 2003) 
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on spectral cloud emissivites 

-> thermodynamic state of atmosphere: select TIGR atmosphere (proximity recognition) 
atm. spectral transmissivities from TIGR 
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NOAA-IASI 
(Gambacorta et al.) 

‘a posteriori’ cloud detection 

multi-spectral cloud detection 

+ spectral surface emissivities 

no assumption on microphysics 

cirrus emissivities (8 - 12 µm) 

De, IWP (CIRAMOSA, Rädel et al. 2003, Stubenrauch et al. 2004, Guignard et al. 2012) 

simulated ε(λ,De,IWP) 4A-DISORT + SSP of ice crystals 
Mitchell 1996, Baran 2003 

hex. columns, aggregates 

cloud clearing & T, H2O inversion 

Cloud property retrieval : TOVS, AIRS, IASI 
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A-Train Synergy: evaluation & vertical cloud structure 
 (AIRS-CALIPSO-CloudSat) Stubenrauch et al. ACP, 2008, 2010 

pcld(AIRS) corresponds to:  
midlevel of ‘apparent’ cloud (COD<3) 
 
for clouds with diffusive tops (tropics): 
zcld(AIRS) on av. 1.5 km below cloud top 

Evaluation of cloud height 

Cloud vertical extent of different cloud types 

Δz (thin Ci) < Δz(Ci) < Δz(hgh op) 
-> determine climatology of cloud vertical extent per cloud type 
 

important input for determination of earth radiation budget 

___ LMD 
--- NASA V5 

Ø unique opportunity for global retrieval method validation 

Ø vertical structure of cloud types 

CALIPSO-CloudSat 

AIRS cloud type 

active instruments:   information on all cloud layers (top & base) 
(lidar / radar)                profiles of microphysical properties 

                sensitive to subvisible Ci    

narrow track (70 m/1 km) & sparse sampling (track/1000km) 3 

Microphysical properties of semi-transparent cirrus 

for semi-transparent cirrus : 
Ø pcld < 440 hPa 

Ø 0.20<εcld<0.85 

Ø sensitivity: De<90µm, IWP<120gm-2 

Ø indication of most probable crystal habit 

Ø Sensitivity to assumptions: 
Ø like in Rädel et al. JGR 2003: 
Ø small on cloud parameters (z, Δz, T) 
Ø horizontal heterogeneity : 3% 
Ø partial cloudy pixels: up to 10%  
Ø small on crystal habit (5%) 

De: 

spectral ε difference increases with decreasing De 

bimodal size distribution assumed 

PhD thesis Guignard 2012; Guignard et al.  ACP 2012 
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Relationship between ice crystals and IWP 

Guignard et al.  ACP 2012 

Fraction of aggregate-like ice crystals & De increases with IWP 6 

AIRS De centered ~55 µm, liDARradDAR De increases from top to base: 56 / 60 / 67 µm 
radar less sensitive to De < 30 µm 

Comparison with other datasets 

De distributions from passive remote sensing similar, differences due to retrieval subsampling: 
MODIS-ST retrieves optical properties for clouds with opt. depth > 1; IR sounder microphysical retrieval sensitive to 
clouds with opt. depth < 3.5: De retrieved near cloud top when cloud is optically thick 

GEWEX Cloud Assessment AIRS – liDARraDAR (Delanoë & Hogan 2010)  

De        IWP (g/m2) ___   all  .-.-. εcld < 0.5  ---- εcld > 0.7 

15S-15N AIRS AIRS IASI IASI 

IWP increases with εcld, De less, first comparison encouraging 7 

WCRP report 23/2012;    results summarized in Stubenrauch et al., BAMS 2013 

  Cloud Assessment 

assessments essential for climate studies & model evaluation: 
1rst coordinated intercomparison of 12 ‘state of the art’ global cloud datasets  
Database: global gridded L3 data (1° x 1°) : monthly averages, variability, Probability Density Functions 

global CA 65-70% (+ 5% subvisible Ci) 
40-50 % of all clouds are high-level clouds  
& 40% of all clouds are single layer low-level clouds 

uncertainties & biases depend on cloud scene: 

CAHR depends on instrument performance to identify thin Ci 
active lidar > IR sounders > VIS-NIR-IR imagers > multi-angle VIS imagers 

available at: http://climserv.ipsl.polytechnique.fr/gewexca 

Participation in (2005-2012) 

Global cloud properties Cloud Amount 

(initiated by GEWEX Radiation Panel) 

CALIPSO only considers uppermost layers to better compare with passive datasets (≤ 20% of all cloud scenes according to CALIPSO) 

lidar, CO2 sounding,   IR spectrum 

IR-VIS imagers 

solar spectrum 

Ci over low clouds: interpretation of cloud height 

effect on climatic averages 

CAHR = CAH / CA 

however, geographical distributions & seasonal cycles similar: 4 

•  40% of all clouds are high-level clouds, 70% of them are semi-transparent,  
  and 50% pure ice  (more aggregates at larger IWP)  
•  IR sounders are sensitive to cirrus (for multi-layered cloud systems, day/night)  

•  pcld corresponds to midlevel of apparent cloud depth (COD<3) 

•  Retrieval of De, IWP, ice crystal shape seems to be coherent:  
  De increases logarithmically with IWP → parameterization for GCM’s 

•  A new retrieval code has been developed, based on weighted χ2 minimization 
  approach. The code is capable to retrieve cloud properties from any  
  multi-channel infrared sounder. 

•  Cloud properties from IASI are in a good agreement with AIRS and with 
  the GEWEX reference subset (ISCCP, AIRS-LMD, MODIS-CE, MODIS-ST,  
  and PATMOSx ) 

Conclusions and Outlook 

Last but not least: this work was supported by CNRS and CNES. Thanks to all Science  
teams as well as the engineers and space agencies for their efforts and cooperation in  
providing the data! Data processing possible thanks to Ether, Icare and ClimServ centers. 
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New code for Pcld/Tcld/εcld retrieval from IR observations 
 

ü  Main features 
       - χ2 minimization approach 
       - flexibility allows using various instruments, spectral channels, auxiliary data 
       - improved calculation of the transmissivities for layers close to the ground 
       - improved calculation of clear sky radiances 
 
ü  Spectral channel selection 
        - CO2 channels closest to the AIRS in TB 
 
ü  Using auxiliary data: 
        - atmospheric T/H2O profiles, Tsurf, Tsurfair, Psurf, ice/snow: L2 instantaneous  

  for good quality profiles; averages for other cases 
        - tropopause determined from L2 atmospheric profiles (Reichler et al. 2003) 
        - spectral weights, spectral transmissivities pre-computed for TIGR profiles 

  and used for radiative transfer 
        - spectral surface emissivities (monthly climatologies): 30N-30S AIRS, IASI, 

   90S-30S, 30N-90N MODIS. Another option: 90S-90N LERMA_IASI 

New code: application to AIRS_V6 and IASI 

COD-CP histograms: GEWEX, AIRS_V6, and IASI High clouds retrieved from space observations 
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Land 

Ocean 

•  ISCCP, CALIPSO, 
  and AIRS_LMD took 
  part in GEWEX CA 

•  AIRS_V6 utilizes 
  new L2 NASA product 

•  ERA Interim T(z) and 
  H2O(z) were interpo- 
  lated to local times of 
  AIRS and IASI 

11 

tropics                        midlatitudes                          polar 

G 
E 
W 
E 
X 
 
A 
I 
R 
S 
 
I 
A 
S 
I 12 

Li
m

it 
fo

r t
he

 IR
 so

un
de

rs
 

Li
m

it 
fo

r t
he

 IR
 so

un
de

rs
 

Li
m

it 
fo

r t
he

 IR
 so

un
de

rs
 

January                    July 

High cloud amount 

10 

8 


