A unified method for
aerosol detection and type speciation
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Greenhouse Gas, Aerosol & Net Climate Forcing (Hansen et al, 2011)
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It is Imperative to improve our knowledge on aerosols to
make progress in resolving climate issues
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Shortwave sounders still have a long way to go
MODOA_M3.051 Aerasol G&Eﬁ%bﬁffth at 550 nm [unitleas]
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Brightness temperature (K)
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Uniform aerosol detection (Clarisse et al, 2012 ACPD)
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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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Aerosol spectral signature

This weighted projection unifies:

1. Linear discrimination analysis (LDA): R = (u,—u;)" S™1(y)
2. Virtual optimal estimation: (k)T S~1(y) (Walker et al, 2010)

3. PCA detection, uses different projection weights (Hurley et al., 2009)
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Il. Absolute distance

Aerosols

Probably aerosol,
but doesn’t look like aeroso!!
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Relative distance; —

Fischer distance R(y) = (ux — u)7Sit (v — my,)
Find suitable
— thresholds

Absolute distance;

Mahalonobis distance A(y) = (y — ux) TSkt (y — i)
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Geophysical information -- context

Nearby detections (time and space) — short term context
Knowledge of scene (Sahara vs Pacific ocean) — long term context

- Construction covariance matrix and finding suitable thresholds is labour
intensive



N A Sulphuric Acid

Formation of sulphuric acid aerosols

Robock, 2003
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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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N A Sulphuric Acid
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Sulfuric acid aerosols (H,S0, — H,0 droplets)
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N\ A Sulphuric Acid

Hawaii, USA
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N\ A Sulphuric Acid
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Brightness Temperature (K)
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Brightness Temperature (K)
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Ammonium Sulphate (NH,),SO,
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Mayor component of anthropogenic

boundary layer aerosol!
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Biomass burning aerosols October 2010
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Differentiation of 6 types

Sensitivity to sulphates €

(sulphuric acid / crystals;
ammonium sulphate
surprising)

Smoke

Mostly coarse mode
aerosols

This uses only ~100
channels in the

750 — 1250 cm™?
wavenumber range!

Imagine what can be done

if we add to this a SWIR,

NIR or UV band! Ammonium
Sulphate

Sea salt aerosols ?
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