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aerosol 
LARGE uncertainty 

gases 
small uncertainty 

It is imperative to improve our knowledge on aerosols to 
make progress in resolving climate issues 

(Hansen et al, 2011) 
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Sources natural, 
anthropogenic, 

primary, secondary 

Physical and Optical 
(Size, shape, refractive 

index, ssa) 

Direct radiative effects Indirect radiative effects 

Chemical 
(Reactions, 

hygroscopicity) 
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Increasing  
measurement 
dimensions 

 Multi-angel 
 Multi-spectral 
 Polarization  

 Fine vs Coarse 
 SSA 
 Sphericity 
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Shortwave sounders still have a long way to go 
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Clarisse et al., Applied Opt, 2010 
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Dust Volcanic Ash ‘Clean’ Sulphate Aerosol 
Mean µ1 

Covariance Sµ 

Mean µ4 
Covariance Sµ 

Mean µ3 
Covariance Sµ 

Mean µ2 
Covariance Sµ 

Uniform aerosol detection (Clarisse et al, 2012 ACPD) 

 
1.  Relative distance (is it more likely to be an aerosol than not) 
 
2.  Absolute distance (does it look like aerosol) 
 
3. Geophysical information (space, time and other context) 
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I. Relative distance (weighted projection) 

Aerosol signature 
 

difference of means 
Jacobians 

… 

Aerosol spectral signature 

 
Projection weights 

 
covariance S-1 of  

unpolluted spectra 
 

x 
 
Observed  
spectrum 

 
x 
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II. Absolute distance 

Clean Spectra 

Aerosols 

Mean µ2 
Covariance Sµ2 

µ2 
 

Sµ2 

Mean µ1 
Covariance Sµ1 

Probably aerosol, 
 but doesn’t look like aerosol! 
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Find suitable  
thresholds 



Formation of sulphuric acid aerosols 
Robock, 2003 

Sulphuric acid aerosols 
 
• efficiently scatter  solar light 
• long lifetime (2-3 years) 
 
Large eruptions cause a short term 
Global climate impact 
Eg. Mount Pinatubo 1990 ~ 1 K 

Hansen et al, ACP, 2011 
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Wavenumber (cm-1)

H2SO4 

SO2 

O3 and H2O 
Sarychev T0+07 

Sulfuric acid aerosols (H2SO4 – H2O droplets) 
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IASI 3 year time series of UTLS SO2 – H2SO4 
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Over 5000 km 
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Nyamuragira 
 
 

 
 
Nyamuragira 
 
 
 
 
Kilauea 
 
 
 

 
Fernandina 
 
 
 

IASI MODIS 
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MODIS Aerosol Soup IASI “deconvoluted” aerosols  
Sulphate 

Sand 
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NIMBUS - 1974 AVHRR - 1997 MODIS - 2001 

IRIS Mariner 9, D. Grassi and V. Formisano , PSS, 2000 
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K- means clustering 
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Sand 
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Kirishima 

Merapi 

Kamchatka 

January 2011 
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June 2011 

Sand 

Ash 
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Puyuhue – June 2011 Eyja – May 2010 

Shaveluch – October 2010 

 SACS service  (SO2 and ash) 
 

 Soon in NRT 
 

 IASI and AIRS 
 

 Archive data (2007-2012) 
 
http://sacs.aeronomie.be 
 
 

L. CLARISSE et al.   A unified method for aerosol detection and type speciation 26/30 

Motivation Method Sulphuric Acid Minerals Others Conclusion 

http://sacs.aeronomie.be/


MODIS AOD 
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Ammonium Sulphate (NH4)2SO4 



Ammonium Sulphate (NH4)2SO4 
 
Mayor component of anthropogenic 
boundary layer aerosol! 
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Crystalline: Volz, 1973; Toon et al., 1976; Earle et 
al., 2006; Segal-Rosenheimer et al., 2009 
Aqueous: Remsberg, 1973; Downing et al., 1977; 
Boer et al., 2007.  
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October 2010 Biomass burning aerosols 
Smoke 
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Ice 
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Sea salt aerosols ? 
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Differentiation of 6 types  
 
Sensitivity to sulphates 
(sulphuric acid / 
ammonium sulphate 
surprising) 
 
Mostly coarse mode 
aerosols 
 
This uses only  ~100 
channels in the 
750 – 1250 cm-1 

wavenumber range!   
 
Imagine what can be done 
if we add to this a SWIR, 
NIR or UV band! 
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