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Challenges to represent mineralogy in
Earth System Models:

... limited knowledge of the composition
of parent solls

... and the resulting size-distributed
mineralogy at emission
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1) Current soll maps and limitations
2) Size resolved mineral fractions at emission
3) Optical properties

4) EMIT and new perspectives
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Soll mineralogy: iron oxides mass fraction (%ow)

C1999 Hematite (%ow) clay
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Claquin et al. (1999), Nickovic et al. (2012)
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J2014 Hematite (%w) clay
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Li et al. (2021) multi-
model study attributes
97% of the uncertainty
range in dust Direct
Radiative Effect to
uncertainties in the
abundance of iron
oxides.
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Iron oxides mass fraction (%w) at surface PM10 concentration

GISS-ModelE C1999  (1.78%w) MONARCH C1999  (1.6%w) MONARCH J2014 (2.3%w)

Same soil map, different model

Same model, different soil map

Stpercampating UNIVERSITAT POLITECNICA A4CC Dust in a changing climate AGU Annual meeting 2023
Center BARCELONATECH Abstract ID. 1394143 San Francisco, 14/12/2023 5

Centro Nacional de Supercomputacion



Size resolved mineral fractions at emission
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C1999

J2014

Quartz mass fraction evaluation against in situ obs.

Multi-annual model experiments

CESM-CAMG6
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Refining the size-resolved mineral fractions at emission

0.75 -

i i 1.0-
S — | il e Ve bl
A = Emitted dust PSD '5-'5 M CALCITE
= . . Sail clay in emitted - 08 QUARTZ
B 0.50 - silt-sized dust bt FELDSPAR
3 G 2,5 M GYPSUM
5 '8 i} B HEMATITE
S T 3
= +— 0.4-
£ 7p]
50.25-
2 0.2 /\
0.00 N 0.1 2 5 10 20
.00 I D(mm)
0.2 2.0 20.0 0
D(mm) ' .
Britile F tation Th Kok — Bimodal dust
rtie Fragmentation eor 0 . A .
9 y ( WL 04 size distribution
2011) o
§o)
Q %0.3
2 s
S
QL so2
=
L
0.1
O.Oj | | | |
0.1 2 5 10 20
D(mm)
ga"’e"’"a ] UNIVERSITAT POLITECNICA
upercomputing

DE CATALUNYA

Center BARCELONATECH

Centro Nacional de Supercomputacion

©@

i

PHYLLOSILICATES

Soll
1.0 —
0.8
c
S
506+
g
B0.4-
[0]
e
0.2
I
5 01 2 5 10 20 50
D(mm)
1.07 - - .
Fitting soll
0.8- mineral size
distributions
n0.6-
=
o
S
T0.4-
0.2
0.0 =" --_"_ —
5 0.1 2 5 10 20 50
D(mm)

A4CC Dust in a changing climate

Abstract ID. 1394143

Emitted dust
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Basic BFT

Perlwitz et al., 2015a,b;
Pérez Garcia-Pando et
al., 2016;

BFT with fitted
mineral soil
distributions

Pérez Garcia-Pando et
al., in prep.
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Refining the size-resolved mineral fractions at emission:

GISS-ModelE

Relative mass mineral fraction per size bin

Basic BFT BFT with fitted mineral
soil distributions
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Evaluation against in situ measurements

BFT with fitted mineral
soil distributions
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Optical properties
Evaluation with AERONET SSA vis. filtered for dust events

Imaginary part of the refractive index for
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New EMIT soil maps: iron oxides mass fraction
PRELIMINARY RESULTS
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Summary and conclusions

 Soil mineralogy and size distribution at emission are key to represent the
atmospheric cycle of minerals in Earth System Models.

- EMIT will bring in unprecedented constraints to the soil mineralogy at the
global scale.

« Transformation of mineral spectral abundances in soil mass fractions.
 Limited information on the grain size of the minerals in the soil.

* No direct retrievals for quartz and feldspars.

 Further development of methods to project soil to emitted mineral sizes.
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More about dust mineralogy modelling in:

Li et al. (2021), ACP

Goncalves Ageitos et al. (2023), ACP Open positions at BSC
Obiso et al. (2023, in review), ACP
Song et al. (2023, submitted), ACP
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