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Atmospheric aerosol and the
dominance of mineral dust
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Dust modeling requires the representation
of sources, transport and sinks




Dust cycle, effects, feedbacks, scales

Anthropogenic forcing?

climate < o Snow/ice albedo
Ocean fertilization modification
li atmospheric dynamics & phyisiCs —t———
surface wind & i Cloud
turbulence Radiation microphysics
y
v |—> dust emission === dust transport =— ] » dust deposition
Sources, 1 and aging
Vegetation,
Soil humidity,
cohesion

Human disturbances: e.g. agriculture
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Dust emission and friction velocity

Dust storm generation requires:
high wind
Wind shear and turbulence
Unstable boundary layer

Friction velocity is the key parameter as it
expresses wind speed, turbulence and
stability
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Dust emission mechanisms
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Soil size distribution
derived from soil texture

l High : 0,7 : _ R : SR AN . l High : 0,7
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low:0 A ® ' } Low: 0

&~ Fine/medium sand 50-500 um :

STASGO-FAO database
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Vegetation, roughness, soil moisture

Vegetation fraction Soil moisture
(MODIS) (model based)

Roughness length
(ASCAT + PARASOL)

Dry aggregate soil size distribution?
Soil crusting?
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Roughness control upon dust emission

Frequency of Occurence DoD > 0.2

FoO (%)

<«
0.0

Degree of reduction in threshold
friction velocity based on roughness

MODIS frequency of occurrence

Perez Garcia-Pando et al., in prep
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Source mapping: why?

P > S: probability to have accumulated sediments in the grid cell i of
max i . .
S = altitude zi
Zmax _me
best fit with the sources identified by Prospero et al. 2000
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High resolution
Natural and anthropogenic dust sources

Land Elevation (m)

-300 1000 2000 3000 4000
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Latitude

180°
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Current quantification

Annual Surface Dust Concentration
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Dust Concentration (pg/m?)
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Perez Garcia-Pando et al.,, in prep



Major challenge for modeling
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Mineralogy!

Models neglect
dust mineralogical composition variations

RADIATION

hematik ; / CHEMISTRY.

WET
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Challenges

o S

Global soil mineral content

Methods

Space-borne spectroscopy

+

Airborne spectroscopy
+

Field campaigns
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FRAGMENTation of aggregates

T

Theory
+
field campaigns
+
Laboratory analyses

Role of mineralogy

Mixed-phase
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Radiation, Chemistry and Clouds
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Modelling
+

State-of-the-art
+

New methodologies




Remote hyperspectral spectroscopy

VSWIR Spectra of Dust Source Minerals Hyperion: satellite hyperspectral sensor 0.4 to
SIS 2.5 um, 242 spectral bands, 10nm spectral
—CPlllor'\le (Mg,Fe)3(Si,Al)4010(0OH)2-(Mg,Fe)3(OH)6 ——Vermiculite (Mg,Fe+2,AlI)3(Al,Si)4010(0OH)2*4H20 re SO I ut i o n , 3 O m s p at i a | W it h a S N R Of ~50 : 1

Reflectance

400 700 1000 1300 1600 1900 2200 2500
Wavelength (nm)

AVIRIS airborne scenes

0.4-2.5 pm, 224 bands, 10 nm spectral
resolution, SNR of ~500:1

v

Coming soon, e.g.,
EnMap (~2019)
Germany

EMIT (under review)
NASA, US




Salton Sea and AVIRIS measurements

AVIRIS VSWIR imaging spectroscopy
measurements of Salton Sea in
Southern California block
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Emitted size distribution of minerals

Soil PSD
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Meteorogical processes

e Synoptic dust storms (large scale weather systems)
* Prefrontal winds
e Postprontal winds

 Mesoscale dust storms
* Gap flows
* Haboobs
* |nversion downbursts
e Dust devils
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Meteorogical processes

Synoptic dust storm Haboob (moist convection)

MSG Dust RGB 02 to 03 Mar 2004

@ 2004 EUMETSAT m10 DUST - 2015-09-06 06:00UTC )
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ensemble
forecast

@

Dust data assimilation and ensemble

observations

=D

(e } =

forecasting

. ensemble mean analysis

model d)
analysis-initialise

forecast

error statistics

Di Tomaso et al., 2017
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Interannual, decadal and long-term trends

Precipitation history and long term trends

(a) Saudi Arabian dust
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Dust variability in climate models

Bépt?gdo(ljsdu?%3c.(1)r%<[:\]e’néroo.t£{%r\}v) Dust Storm Index and simulated dust concentration

Lake Eyre Basin (28.37S, 137.37E)
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Connecting dust emission to dynamic
vegetation model and land use change

Dust Storm Index and simulated dust concentration
Lake Eyre Basin (28.37S, 137.37E)
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