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�
Cloud properties from space:

1) multi-spectral cloud detection 2) cloud property retrieval

Passive remote sensing (>1980) Active (A-Train, >2002)
info on highest cloud layer info on all cloud layers

good spatial coverage sparse sampling (track/ 1000km)

•CA (tot, high, midlevel, low)
•p/z, T, ττττVIS / εεεεIR
•horizontal extension
•bulk microphysical properties

•z, ττττVIS
•vertical extension 
•cloud layering
•microphys. prop. profiles

IR IR sounderssounders ::
�� goodgoodspectral spectral resolutionresolution--> > esp.esp. reliablereliable Ci Ci propertiesproperties(day & night)

�� atmosphericatmosphericT, HT, H220 profiles (RH) + 0 profiles (RH) + cloudsclouds+ + aerosolsaerosols

AA--TrainTrain synergysynergy (AIRS-CALIPSO-CloudSat) ::
��evaluationevaluationofof cloudcloud propertypropertyretrievalretrieval (Stubenrauch et al. ACPD 2010)

��distinction distinction betweenbetweensingle single andand multimulti --layerlayer cloudsclouds



A-Train

observations at 01.30 and 13.30 LT 

AIRS 

atmospheric profiles (T, Rh): 45km

cloud properties: 13.5 km

CALIPSO

Cloud vertical structure per CALIPSO 
segment: 90m x 5km

Colocalation

CALIPSO shot closest to AIRS spot
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�high cloud : pcld < 440 hPa

~40% of all clouds are high clouds

(5-10% more over land than over ocean)� stormtracks in winter midlatitudes�more Ci over land in summer midlatitudes

(Stubenrauch et al., ACP Disc. 2010)
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AIRS-LMD �� � �� �� � �

single layer single layer highhigh cloudsclouds
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AIRS / IASI cloud property retrieval:
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Mitchell, Baran

by retrieving cirrus emissivities, the atmosphere is taken into acount

=> no need to simulate LUT’s for different atmospheres
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4A-DISORT simulation of Cirrus emissivities
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β �� � ω0, columns aggregates (Baran et al. 2003)
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�
Simulation of Cirrus emissivities

(ε(ε (ε(ε
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εεεε difference increases with decreasing De, stronger effect for small IWP

for       0.3 < εεεε12µµµµm < 0.85 sensitivity up to  De ≤≤≤≤ 90µµµµm
0.7 <  ττττVIS < 3.8
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Cloud detection: ecld(l))/ecld

� � � �� � �
(<NOAA15:  MSU channels qv corrected) a posteriori 

Spatial resolution:

av cldy 100km 13 km

Observation time: 7h30, 19h30 1h30, 13h30

Microphysics property retrieval

polycristals agregates and columns

2 channels 7 channels (8-12 μm)

TOVS Path-B AIRS-LMD
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Sensitivity studies for TOVS

Rädel et al., JGR 2003

Overestimation of De: ♦ hexagonal columns instead of aggregates

♦ partial cover of thick Ci

♦ thin Ci with underlying water cloud

Underestimation of De:        ♦♦♦♦ increasing De with cloud depth

♦ broader size distribution
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Reference: homogeneous cloud, Tcld=237K, z=1km,Tsurf=300K,

polycrystals, bimodal-G size distribution

parameter changed to/by (De
standard -De’)/De

standard

15µµµµm                   60µµµµm

crystal shape
spheres +15% +30%

hexagonal columns +15% +25%

size distribution tropical -20% -28%

thin cirrus
15µµµµm   60µµµµm

thick cirrus
15µµµµm   60µµµµm   

horiz.heterogeneity 90% cloud cover +7%      +2% +25%    +12%

vert. heterogeneity De
low =2 De

high -15%     –20% -15%     –20%

+ water cloud re=7µµµµm;LWC=0.2g/m 3 +25%     +25% +15%     +15%

lapse rat 6.5 -> 11°/km +3%       +3% +5%       +5%

∆∆∆∆hcld , ∆∆∆∆Tsurf , ∆∆∆∆z +4km, -15K, +1km -6%   to +10%

Rädel et al., JGR 2003



Sensitivity studies for AIRS

0.3< εεεεcld<0.5            0.5< εεεεcld<0.7 0.7< εεεεcld<0.85



Sensitivity studies for AIRS

0.3< εεεεcld<0.5            0.5< εεεεcld<0.7 0.7< εεεεcld<0.85



Sensitivity to SSP 

0.3< εεεεcld<0.5               0.5< εεεεcld<0.7 0.7< εεεεcld<0.85



0.3< εεεεcld<0.5                  0.5< εεεεcld<0.7 0.7< εεεεcld<0.85

De distributions for thin to medium thick Ci



IWP distributions for thin to medium thick Ci

IWP (g/m²)

0.3< εεεεcld<0.5                  0.5< εεεεcld<0.7 0.7< εεεεcld<0.85

IWP (g/m²)IWP (g/m²) IWP (g/m²)
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De, IWP and shape retrieval for thin to medium thick Ci

εεεεcld

0.3< εεεεcld<0.5                   0.5< εεεεcld<0.7                 0.7< εεεεcld<0.85     
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(detected by CALIPSO) � � � � �
 � �	 � � � � � � � � � �� � � �
IWP (g/m²)

Shape



Re and IWP Comparisons with Gewex datasets

SP

IWP(g/m²)

Re (μm)

NP

-Re: good agreement beteween Airs, Tovs and Modis especially in the tropics

-IWP: bimodal distributions and broader distributions for AIRS

SP NP



De – IWP correlations

Tovs tropics

Airs tropics

- De increases with IWP stronger increase up to IWP = 40 g/m2

- similar behavior for single / multi layer in summer / winter
in agreement with
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IWP,De - ∆∆∆∆z correlations

Single-layer cirrus

Multi-layer cirrus

∆z (m)

NH summer

∆z (m)

NH winter

IWP

positive correlation in summer & 

winter

De

positive correlation in summer & 

winter

SL have larger De than ML

∆z (m)

∆z (m)

no correlation in tropics



De and IWP slightly increase with Tcld

for Tcld < 230K 

for Tcld > 230K :mixed phase 

⇒retrieval less reliable

De, IWP  - Tcld correlations

tropics
Tcld (K)

Tcld (K)

Single-layer cirrus

Multi-layer cirrus



Summary

- AIRS is capable to give estimates of DE / IWP of semi-transparent cirrus, 

on a global scale (50 µm, 30 g/m2), from 2002 onwards

in agreement with TOVS retrievals (1987-1990)

- correlations seem to be more robust:

optically thicker ci have in general larger De and IWP;

they also seem to contain more aggregates

- De increases with IWP (stronger for IWP < 40g/m2)

-IWP increases with cloud geometrical thickness

-De only in summer midlatitudes

similar behavior between single and multi layer cloud systems

- correlation between De / IWP and Tcld less pronounced, 

in contrast to in situ measurements

linked to the fact that T in in situ measurements corresponds to position inside cloud



Outlook

-difficult to find reference data sets for our evaluation, 

-probably the best way is to compare relationships with those found in situ

- study the differences in relations by distinguishing different dynamical situations

and origin of air masses (Lagrangian study)

Stubenrauch et al., 
Atm. Res.2004

TOVS ERA-40

IWP largest in case of strong large-scale vertical updraft

De smallest in case of strong large-scale hor. & vert. winds


