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Aerosol direct radiative effect
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The absorption properties of mineral dust are a persisting
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The absorption properties of mineral dust are a persisting
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Climate models and remote sensing
retrievals use a spatially invariant
generic refractive index



Institut
Pierre In 2014 the LABEX-IPSL supported a new laboratory chamber

Q S[_'g;?arée activity to investigate the climate-relevant spectral optical
L-1PSL Labex properties of mineral dust

RED-DUST

A laboratory-based project targeting the absorption
optical properties of mineral dust according to...
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size distribution
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RED-DUST
Soil sample databank (>150 soils)

19 selected soils worldwide
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RED-DUST
Mineralogy of selected vs global solls

Samples selected to represent the natural mineralogical variability of the global soils
according to the soil database by Journet al al. (2014)
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 Stainless-steel, 4.2 m3 volume

« Generating aerosols under
controlled conditions

 Long lifetime (> 24h for
submicron aerosols)

e Simultaneous measurements
of physico-chemical and
optical properties

www.cesam.cnrs.fr {lso



Laboratory simulations - simultaneous measurements MFRES
of physico-chemical and spectral optical properties
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RED-DUST

Generated dust aerosols: variable and realistic

mineralogy
lIron oxides < 5.8% Total elemental iron 2.4 — 10.6%
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dS/dlogD, (normalised)

RED-DUST

Generated dust aerosols: realistic size distribution
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Imaginary part (k)

Imaginary part (k)

Dust SW refractive index: regional scale variability
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Dust LW refractive index:

Real part (n)

Imaginary part (k)
© o o o
[ e [=2] o —

o

[#%]

Real part (n)
N

—_

Imaginary part (k)
o o o o
N e (2] [+2] -

o

regional scale variability

T

T

T

| Northern Africa - Tunisia . Sahel - = =Niger
Sahara ——Morocco L ——Mali

----- Lybia Chad

- Algeria L
Mauritania
RO,
1 1 1 L
12

T T T T T

| Northern America

T

Arizona

| Southern America

——Chile
- = =Argentina

wavelength (um)

L L - i
‘e
I I [
4 8 12 16
I 1 I
n [ .ty ]
[ "y
L L] 1
¥ 1
= L ! 1 .
N 1
' 1
! [
! - Ceel
L - L L h —
4 8 12 16

T

| Eastern Africa -

T

T

T

Ethiopia | | Eastern As| ——China1
Middle East ---SaudiArabia| |  eeees China2
Kuwait
L S o
1 1 1
4 8 16

4 8 12 16
[ T T T ] L T T T
Southern Africa Namibia1 | Australia Australia
Namibia2
1 L " 1 L L 1 1 L
4 8 12 16 4 8 12
T T T T T T T T T ]
1 -l ;' L . L 1 "
4 8 12 16 4 8 12



Comparison with previous results :
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Relationship between CRI and iron and iron oxide content

Average values for each experiment
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Imaginary part (k)

Relationship between LW CRI and

clays, calcite, and guartz content

Average values for each experiment
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imaginary refractive index (k)
o

Relationship between LW CRI and RED-DUST
clays, calcite, and guartz content
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Summary

Systematic laboratory measurements of the CRI at UV-VIS-IR wavelengths on natural
dust aerosol samples representing the global mineralogy of particles smaller than 10 um

The real part of the refractive index don’t change regionally, suggesting that a source-
Invariant spectral n can be used in models and remote sensing applications

Conversely the imaginary part of CRI (absorption) shows a clear spectral

dependence and a regional variability that mostly depends on mineralogy

* In the UV-VIS: linear with the iron oxide and the total iron content (even better when
particles are smaller than 2.5 um (not shown)

« At selected bands in the LW: linear with the content of calcite, quartz and clays (more
tricky)

Same for the UV-VIS single scattering albedo (not shown)
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