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Optical depth

𝑐𝑜𝑠𝜃
𝑑𝐿!
𝐿!

= −𝑑𝜏

Bouguer/Lamber/Beer law
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5 µm.
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natural anthropic

sea salt
mineral
particles

Sulphates

~30%

~6%

~60%

Elemental carbon

Organic
carbon ~1%

~3%

Textor et al., 2006
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1. Perché tutte queste incertezze sugli aerosol?

 Primary/secondary particles 

Phase
• Liquid: droplets, often solution
• Solid: 

Single / Aggregates 
• Solid/Liquid

Droplets with solid inclusions
Aggregates with liquid films

Mixed
internally or externally mixed
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Josiah Willard Gibbs 
(1839-1903)
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Ice crystal shape as a function of formation temperature and 
supersaturation with respect to ice. Right axis gives 
approximate height and pressure of crystal formation where 
P o is standard atmosphere pressure. Figure adapted from 
Bailey and Hallett (2009), courtesy of Dr. Bailey.
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16 March 1998, 11:21 UTC
AVHRR
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IPCC, 2021
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Examples of AIRS Spectra
20-July-2002 Ascending LW_Window



Can Science Save the Earth? – Naples – March 23-27, 2025 52Trenberth et al., 2009 115



Can Science Save the Earth? – Naples – March 23-27, 2025 53

Absorption
Scattering
Emission
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  Aerosol/clouds absorption?

James Clerk Maxwell 
(1831–1879) 
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Absorption
Scattering
Emission
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John William Strutt 
3rd Baron Rayleigh 
(1842–1919) 
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Dutton et al., 1994

Hanson and
Travis, 1974 1871
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Bodhaine et al., 1999
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Gustav Adolf Feodor Wilhelm Ludwig Mie 
(1869 -1957) 
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Ludwig Valentin Lorenz (1829-1891)

Ludvig Valentin Lorenz (1829-1891)
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James Clerk Maxwell 
(1831–1879) 
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l (µm)

x=2πr/λ
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ph(cosq) and th(cosq) are obtained from Lh(cosq), which are h-order Legendre polynomials 
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If the imaginary part of the refractive index is zero:

The first order approximation gives the Rayleigh scattering
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Mie scattering coefficients ah e bh are a combination of Riccati-Bessel functions  yh e zh
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Wiscombe, 1980

𝑁	~	𝑥 + 4	𝑥 "# $ + 2
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Qext=σext/(πr2)
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THANKS!


