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Atmospheric aerosol

Solid or liquid particles
suspended in the air

» Types: primary / secondary,
natural / anthropogenic particles

» Size: diameter between 0.001 € m
(Inm)and100e m appr ox.

» Chemical and mineralogical
composition: diverse

» Optical properties (absorption,
scattering): diverse
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Sources of atmospheric aerosol
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Sources of atmospheric aerosol
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Distribution

» Mineral dust (reddish) https://youtu.be/oRsY_UViBPE
»  Sea salt (blue)

» Products from biomass burning (green)

» Sulphates (white)


https://youtu.be/oRsY_UviBPE

Grographical distribution of dust

Dust optical depth at 550 nm. Average value 2003-2015

=50 e 0.8000
: o : - - - = |

\Y 13 ; ity >0 W e : ., 8- 0.2000

D A
"'?;L’FK : 0.1000
i\

10.0500

10.0250

\/0'0125

| :  Data: CAMS reanalysis W OOOOOOOOOOOO \w | WRE
(opermcus Picture: WMO SDS-WAS  WMO AIRBORNE DUST



» Atmospheric aerosol

» The cycle of mineral dust
» WMO SDS-WAS

» Dust observation

» Dust forecast




The dust cycle




The dust cycle

Emission

Turbulent difussion
Transport

Dry / wet deposition
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Emission

» The wind moves the
loose particles
according to its speed
and the size of those
particles

short-term
suspension
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» The process is similar to
sediment transport by
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Erosion threshold

The threshold for particle mobilization is the result of the balance between
the wind-shear stress and the forces acting to keep the particles on the soill
(weight, cohesive forces between particles)

Shao and
Lu (2000)
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Saltation & sandblasting

(a) Aerodynamic Entrainment o
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Shao et al. (2011)

» Direct suspension is not so
common, because it needs very
strong winds.

» Normally, the dust emission is the
result of the combination of two
different physical processes:
saltation (horizontal flux) and
sandblasting (vertical flux).

» Sandblasting is a consequence of
the breaking of particle
aggregates.



Erosion threshold

A crude estimation
of the threshold

wind speed for dust |

emission would be
around 8 m/s,
although it depends
on many factors
(soil nature and
state, turbulence).
Different elements
modify this
threshold

S
p-;._

Non-erodible elements
(i.e. vegetation)

Soil humidity

Crusted soils




Emission

Soil factors

»  Soll texture (particle size)
»  Soil moisture

A~ Vegetation

A Snow cover

Meteoroloqgical factors
»  Wind speed
» Near-surface turbulence




Sources
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Anthropic sources of dust

Anthropic sources are responsible
of a significant part (25-30%) of
dust emissions
Perturbed solls: dessicated
lakes and marshes
consequence of water overuse,
agricultural lands, etc..
Direct human activity: opencast
mining, construction, driving on
unpaved roads, ...
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Dessicated lakes, marshes, ...
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Total emission

~ 301 60 Tm/s
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Long-term trends
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Future trends

Dust emission depends on:
Meteorological factors (wind, near-surface turbulence)
Soil factors (texture, humi dity, veget a

Land use and, therefore, soil conditions evolve much faster then climate. However,
spatial scale is typically smaller
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Meteorological confitions

22-24 Mar 2008

RGB-dust 2088-83-22 16:88 UTC

é EUMETSAT [synopTiC SCALE

A Frontal systems
A Reinforced trade winds




Meteorological conditions

Dust RGB - 2007042918000/,

29 Apri 1 May 2007

MESOSCALE-

MICROSCALE

= Convection

= Drainage winds
« Low-level jets
(LLJ)

Gap winds




Meteorological conditions
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Transport

2013_07_28_1800_m9_rgb_dust
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Transport
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reversible &
irreversible uptake

The average particle size
decreases

Chemical composition may vary
Optical properties may vary
Increasing ability of particles to act
as CN

Increasing solubility of Fe




Deposition

DRY DEPOSITION

WET DEPOSITION

turbulent diffusion sedimentation :
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Deposition

Settling velocity (m/s)
o
o o
e -

Tegen and Lacis
(1996)



Wet deposition

Dust Precipitation

Cyprus: Ayia Marina
March 2012
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Average distribution

Dust optical depth at 550 nm. Average value 2003-2015
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Composition

MINERALOGICAL (X-ray diffractometry)

» Silicates: quartz, feldspar, phyllosilicates (ilite, kaolinite, smectite)
» Carbonates (calcite, dolomite)

iHematite, gypsum, halite, &

ISOTOPICAL (Sr, Nd, Pb)

CHEMICAL (spectroscopy)
A Sl, AI, Ca, Mg, Fe, K, Na, Mn; T|1 P

Information about the
source region
Influence on optical
properties

Influence the impact on
health, ecosystems, ...
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Particle size
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Seasonal variability
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Seasonal variability

cluster 1. Monthly % of Visibility reductions by sand or dust Cluster 2. Monthly % of Visibility reductions by sand or dust
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Impacts
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Air quality and health

Weather and climate
Transportation (visibility
reduction)
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Impact on air guality
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Health impact

10 micrometers and above

visible

9.0um — 10.0um

nasal passages

5.8um - 9.0um

pharynx
4.7um - 5.8um

trachea & primary bronchi
3.3um—-4.7um

secondary bronchi
2.7um - 3.3um

terminal bronchi

1.7um - 2.7um

alveoli

0.65um — 1.1um

\0.43um -0.65um

A Particle size
A Chemical and mineralogical composition
A Carrying bacteria, viruses, funghi, ...

A Time and intensity of exposure

African Meningitis Belt
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Belt




Map 3-11. Areas with frequent epidemics of meningococcal meningitis - ' e o
ISSUED ON APRIL 04, 2018 3 , 4
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Impact on weather and climate

Sentlnel 2 images of Sierra Nevada,
Spain, on 19 and 24 April 2018
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Impact on transportation
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Impact on transportation

EFFECT ON A JET ENGINE

The abrasive dust particles can
erode blades reducing engine thrust

High temperatures
turn the dust to
molten glass

blocking
cooling vents

Cooled glass
collects on
turbine blades,
jamming
engine

Volcanic ash is very dangerous
for aviation because it melts at
less than 1400°, the temperature
at which the aircraft engines
operate, and can cause flares.

Dust particles melt at about 1700°
and do not cause such flares, but
problems of erosion in the engine
and on external surfaces of the
alrcraft.

More frequent maintenance
tasks



Solar energy

A Reduction of available

energy
A Reduced efficiency due to
dust deposition
A Impact on cloud formation



DOSIi t |

phytoplankton

Dust deposition
Jickells et al. (2005)

~ & Dust deposition is a

source of micro-nutrients
for continental and marine
ecosystems

» Saharan dust has been

shown to fertilize the
Amazon rainforest

» The contribution of Fe and

P benefits the production
of marine biomass in
oceanic areas that suffer
from shortage of such
elements



» Atmospheric aerosol

» The cycle of mineral dust
s+ WMO SDS-WAS

» Dust observation

» Dust forecast




WMO SDS-WAS

Mission:
Enhance the capacity of countries to generate and distribute
to end-users dust observations, forecasts, information and

knowledge

Structure:

» Regional Center for Northern Africa, Middle East and
Europe, Barcelona

» Regional Center for Asia, Beijing

» Regional Center for Pan-America, Bridgetown

» Regional Center for West Asia (?7?)




SDS-WAS Regional Center NAMEE

The Center is jointly managed by AEMET and
the Barcelona Supercomputing Center

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion

MareNostrum |l supercomputer




SDS-WAS Regional Center NAMEE
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Forecast intercomparison

CAMS ECMWF Global

NMMB/BSC- BSC Regional
Dust
GEOS-5 NASA Global
RegCM4 EMA Regional
NOA WREF- NOA Regional
CHEM
LOTOS- TNO Regional
EUROS

Forecasts of dust surface concentration
and optical depth at 550 nm until 72
hours

WMO SDSWAS N Africa-Middle East-Europe RC WMO SDSWAS N Africa-Middle East-Europe RC

WMO SD5-WAS N Africa-Middle East-Europe RC
DREAMS-NMME-MACC  Dust AOD
Run; 00h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+12)

WMO SDSWAS N Africa-Middle East-Europe RC
SILAM Dust AOD

Run: 00h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+12)

WMO SD5-WAS N Africa-Middle East-Europe RC
MEDIAN Dust ADD

21 Mar 2018



Multl-model ensemble

WMO SDSWAS N Africa-Mddie East-Europe RC WMO SD5WAS N Africa-Middie East-Europe RC WMO SDS-WAS N Africa-Mddle East-Europe RC
BSC-OREAMED  Dust AOD MACC-ECMWF  Dust A0D DREAME-NMME-MACC  Dust ADD
Run: 120 10 AUG 2015 Valid: 180 11 AUG 2015 (H+30) Run 00h 10 AUG 2015 Vald 18h 11 AUG 2015 (M+42)

v

WNO 505-WAS N Afrca-Middle East-Ewrope RC

MEOIAN  Dust ADD
Run: 120 10 AUG 2015 Vald: 180 11 AUG 2015 (H+30)




Multi-model ensemble

» Forecasts of 12 models are daily
Interpolated to a common grid mesh. Then
ensemble multi-model products are
generated.

» Multi-model median yields better

verification scores than any individual @
model

21 Mar 2018

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion




