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Inaugural dust and climate model simulations

with the new EMIT global mineral abundance
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impacts in the Earth System
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. Radiation Iron oxides

Interaction
Cloud
formation Feldspar
Biogeochemical Iron containing minerals
cycles

Atmospheric Calcite
chemistry

. these impacts are modulated by mineralogy.

Image credits: NASA, NOAA, Krueger et al. (2004)

S Suting UNIVERSITAT POLITEGNICA AS3.9 Aeolian dust: initiator, player, and recorder EGU General Assembly 2024
Center BARCELONATECH of environmental change. EGU24-17044 Vienna, 18/04/2024 3

Centro Nacional de Supercomputacion




Challenges to represent mineralogy in
Earth System Models:

... limited knowledge of the composition
of parent soills

... and the resulting size-distributed
mineralogy at emission
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Challenges to represent mineralogy in
Earth System Models:

. limited knowledge of the composition
of parent soils z#

. and the resulting size-distributed
mineralogy at emission
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Modelling dust mineralogy
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Soll mineralogy maps

Center BARCELONATECH of environmental change. EGU24-17044 Vienna, 18/04/2024

Centro Nacional de Supercomputacion

@ Supercomputing @ UNIVERSITAT POLITECNIGA AS3.9 Aeolian dust: initiator, player, and recorder EGU General Assembly 2024



Global soil mineralogy atlases (pre-EMIT)

« Claquin et al. 1999, Nickovic et al. 2012: 8 minerals.

lllite, smectite, kaolinite, quartz, feldspars, calcite, gypsum and hematite (iron oxides).

« Journet et al. 2014: 12 minerals.
lllite, smectite, kaolinite, vermiculite, chlorite, mica, quartz, felds
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New mineralogy maps from NASA EMIT (reen et al. 2020)

VSWIR Spectra of Dust Source Minerals

Montmorillonite (Na,Ca)0.33(Al,Mg)2Si4010(0OH)2*nH20 ——Kaolinite Al4[Si4010[(OH)8
——Gypsum CaS04.2H20 Goethite FeO.OH
Spa ceborne A ——Calcite CaCO3 Dolomite CaMg(C03)2
. —— Hematite Fe203 Illite (K,H30)(Al,Mg,Fe)2(Si,Al)4010[(OH)2,(H20)]
Imaglng Chlorite (Mg,Fe)3(Si,Al)4010(OH)2-(Mg,Fe)3(OH)6 Vermiculite (Mg,Fe+2,Al)3(Al,Si}4010(OH)2*4H20

Spectroscopy

Reflectance
o
D
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Wavelength (nm)

The EMIT instrument Dust Mine_rals have distinct
is measuring from the spectral signatures

ISS since July 14,

2022. Level 3 products — map of 10 (+2) minerals to be used within ESMs

N BT Dy,
Gy

Target mask for EMIT retrievals
covering arid land regions

P
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of Technology
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EMIT soil maps

Check:

EMIT Global Dust Source and Emission Mineral
Abundance Maps for Dust and Climate
Modeling,

By C. Pérez Garcia-Pando et al.

PICO 5.6

Image courtesy of Phil Brodrick (NASA-JPL)

 Abundance of 10 minerals in the soil relevant for their
climate impact, with an unprecedented spatial
resolution

* Quartz and feldspar are not retrieved
» No direct information on soil texture

Jet Propulsion
:f:";i:::: utin UNIVERSITAT POLITECNICA
(',‘ezter P o DE CATALUNYA
Centro Nacional de Supercomputacion BARCELONATECH

Laboratory
California Institute
of Technology
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https://lpdaac.usgs.gov/data/get-started-data/collection-overview/missions/emit-overview/

Soll mineralogy: iron oxides mass fraction (%ow)

C1999 Hematite (%w) clay J2014 Hematlte (%W) clay EMIT Hematite (%w) clay

0 1 2 3 4 5 6 7 8 9 10

Claquin et al. (1999), Nickovic et al. (2012)

Li et al. (2021) multi-mode!
study attributes 97% of the \
uncertainty range in dust

Direct Radiative Effect to
uncertainties in the abundance o —— [T T

of iron oxides.

3 4 5 6 7 8 9 10

Journet et al. (2014)
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Emitted minerals’ PSD
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Size resolved mineral fractions at emission
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Emitted dust
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Basic BFT

Perlwitz et al., 2015a,b;
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C1999

J2014

Quartz mass fraction evaluation against in situ data

Multi-annual model experiments
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Refining the size-resolved mineral fractions at emission

0.75 -

Disturbed soil PSD

= Emitted dust PSD

. Soil clay in emitted
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Refining the size-resolved mineral fractions at emission:

GISS-ModelE

Evaluation against in situ measurements

Relative mass mineral fraction per size bin Basic BFT BFT with fitted mineral
Basic BFT BET with fitted mineral soil distributions
soil distributions Quartz Quartz
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gf:n;ioo':: utin UNIVERSITAT POLITECNICA
Cefl!’er puting DE CATALUNYA
Centro Nacional de Supercomputacion BARCELONATECH

EGU General Assembly 2024
Vienna, 18/04/2024

AS3.9 Aeolian dust: initiator, player, and recorder
of environmental change. EGU24-17044




The atmospheric cycle of
minerals

Center BARCELONATECH of environmental change. EGU24-17044 Vienna, 18/04/2024
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Model characteristics

CESM-CAMG6 MONARCH GFDL-AM4 GISS-ModelE
Soil mineralo C1999 / EMIT C1999/ C1999 / EMIT C1999 / EMIT
9y J2014 / EMIT
PSD Modal model Sectional model Sectional model Sectional model
3 modes 8 hins 5 bins 5 bins
Size range (diameter) 10 pm 20 um 20 um 32 um
Emission method BFT BFT BFT Modified BFT

Mixing state

Internally mixed

Externally mixed
Fraction of iron oxides
mixed with other
minerals

Externally mixed
Fraction of iron oxides
mixed with other
minerals

Externally mixed
Fraction of iron oxides
mixed with other
minerals

References

Scanza et al. (2015),
Hamilton et al. (2019), Li et
al. (2021; 2024, in review)

Goncalves Ageitos et al.
(in. prep), Klose et al.
(2021)

Horowitz et al. (2020),
Song et al. (2024, ACP in
review)

Obiso et al. (2024, ACP
accepted), Perlwitz et al.
(2015a,b)
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Sensitivity to model vs. soil map information
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)

| U
0 05 1 15 2 25 3 35 4 45 5

Same soil map, different model

Same model, different soil map
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Regions and observations for the analyses
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Dust source regions defined in Kok et al. (2021)
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Emitted dust mineralogy (mass fractions)
MONARCH with C1999, J2014 and EMIT soil maps

Emitted mass fractions per region and globally depending on the soil map used

1.00

0.7

(8]

0.5

o

0.2

w

MONARCH 2006-2010 C1999

0.00+

WNAF eNAT SaSamEas cAsi EAsl NAme AUst sAme sAfr Glob

1.00+

0.75+

0.501

0.25+

0.00+

MONARCH 2006-2010 J2014

wNATF eNAf SaSa mEas cAsi EAsi NAme Aust sAme sAfr Glob

1.00+

0.75+

0.501

0.25+

0.00+

MONARCH 2017-2017 EMIT

wNATF eNAf SaSa mEas cAsi EAsi NAme Aust sAme sAfr Glob

EMIT compared to previous maps —> large differences in the partition of phyllosilicates
lower calcite mass fraction at emission
larger fraction of goethite than hematite
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MONARCH: EMIT vs C1999 and J2014
Iron oxides (%w) in surface PM10 concentration

hematite (%ow) PM10: 1.63 MONARCH C1999 hematite (%w) PM10: 0.76 MONARCH J2014 goethite (%w) PM10 avg: 1.55 MONARCH J2014

MONARCH EMIT goethite (%w) PM10 avg: 1.75 MONARCH EMIT

0,
\ L.l

25%] 26% 5%

5

[N AL
4.5

0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 5} 0O 05 1 156 2 25 3 35 4

Sonereamouting UNIVERSITAT POLITECNICA AS3.9 Aeolian dust: initiator, player, and recorder EGU General Assembly 2024
Center BARGELONATEGH of environmental change. EGU24-17044 Vienna, 18/04/2024 22

Centro Nacional de Supercomputacion

LT
4.5




MONARCH: EMIT vs C1999
Calcite, quartz and feldspar (%w) in surface PM10 concentration

calcite (%w) PM10 avg: 4.79 MONARCH C1999 quartz (%w) PM10 avg: 28.59 MONARCH C1999 feldspars (%w) PM10 avg: 9.54 MONARCH C1999

feldspars (%w) PM10 avg: 4. MONARCH EMIT
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MONARCH: EMIT vs C1999
Phyllosilicates (%w) in surface PM10 concentration

illite (%ew) PM10 avg: 24.21 MONARCH C1999 montmorillonite (%ew) PM10 avg: 13.18 MONARCH C1999 kaolinite (%w) PM10 avg: 16.7 MONARCH C1999

ARCH EMIT montmorillonite (%w) PM10 avg: 6.07 MONARCH EMIT kaolinite (%w) PM10 avg: 13.78 MONARCH EMIT

S

illite (%w) PM10 avg: 33.59 MON
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Observations of mineral mass fractions

* Obs. from the late 60’s to date.
« Sampling time vs. model average: Temporal collocation — monthly basis

* Reported minerals vs. modelled minerals: Mineral fractions estimated
over those minerals observed AND modelled

« Size range of observations vs. modelled size range: Size collocation

901

* Filtered for dust locations using
model data 1 4
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Evaluation of modelled mineral mass fractions: SIZE
calcite and iron oxides
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Small differences among models

Calcite size distribution seems well
represented

Underestimation of observed calcite mass
fraction with the EMIT ESM runs

Few measurements for iron oxides
EMIT ESM runs represent iron oxides
fraction within 2x observed fraction

AS3.9 Aeolian dust: initiator, player, and recorder EGU General Assembly 2024

Vienna, 18/04/2024 26



Evaluation of modelled mineral mass fractions: -
. ) . REGION
calcite and 1iron oxides
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Evaluation of modelled mineral mass fractions:

quartz and feldspar
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Evaluation of modelled mineral mass fractions:
quartz and feldspar
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Dust single scattering albedo
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Optical properties
Evaluation with AERONET SSA vis. filtered for dust events
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https://egusphere.copernicus.org/preprints/2023/egusphere-2023-1166/
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Dust SSA (vis. band)

Calculated online by ESMs

* ModelE represents dust SSA, including 3
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Conclusions

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

EMIT brings in additional constraints to the soil mineralogy at the global scale.

The first analyses on EMIT ESM experiments show increased spatial correlation with
mineral mass fractions for calcite and iron oxides with respect to baseline maps.

Insight on partition between goethite and hematite and their geographical distribution,
with a relevant impact in SSA.

Ongoing work:
« Continued evaluation of mineralogy, elemental composition, dust SSA.
* Long-term experiments to derive dust Effective Radiative Forcing.

* Refinement of EMIT base maps.
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