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Atmospheric aerosol

Solid or liquid particles suspended in the air. They have
different

Origin (primary / secondary, natural / anthropogenic)
Size (Diameter: ~ 2 nm — 100 pum)

Chemical, mineralogic composition

Optical properties
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Atmospheric aerosol. Sources

« \olcanic eruptions

* Sea salt

 Biomass burning
 Anthropogenic pollution
» Organic particles

« MINERAL DUST




Atmospheric aerosol. Emissions
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The dust cycle

Arabian Sea

MODIS 4 Feb 2013




The dust cycle

* Dust release (emission)
* Turbulent mixing

« Long-distance transport
* Dry / wet deposition




The dust cycle. Total emissions

~ 30,000 - 60,000kg /s
~1-3:10"2 kg / year

50,000,000 lorries

3,000 ULCC




Dust emission
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Meteorological factors:

Near-surface turbulence

Soll factors:
Soll texture
Soil humidity
Vegetation




Desertification

e Desertification Vulnerability

USDA-NCRS
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Sahel precipitation anomalies 1900-2011
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Drought

Poor farming
practices
Overgrazing
Deforestation
Inadequate water

management




Dust sources
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Dried lakes: the Bodélé depression

The Disappearance of Lake Chad in Africa

_] Former outline of the lake

| Vegetation
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Dried lakes: the Aral sea

Kazakhstan
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Southern Irag’s marshes
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Owens lake mitigation program

Shallow flooding Managed vegetation Gravel blanket
(saltgrass)




Anthropic emissions

Agriculture

Opencast mining

Construction, demolition

Driving on unpaved roads




Meteorological conditions
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SYNOPTIC SCALE
* Frontal systems
* Reinforced trade winds




Meteorological conditions

18 Jun 2009 &= EUMETSAT



Meteorological conditions

MESOSCALE MICROSCALE

Convection
« Drainage (katabatic) winds
* Low-level jets
« Gap winds

©The COMET Program



Meteorological conditions

Dust RGB - 200704291500

Sudan, 29 apr — 1 May 2007



Long-term transport

METIHM RGE-Dust ZA15-96- 12 1288 UTC J EUMETSAT

EUMETSAT RGB Dust 13-16 Jun 2015



Particle size

C compounds

0.01 um

S compounds
N compounds

Mineral matter
Marine aerosol

0.10 1 pm
pm

Settling Velocity (mmis)

Settling Velocity Versus Particle Size

1.0 10.0 100.0
Particle Size (micrometers)

1000.0

Zender, 2003

10
Hm

SIZE (uam)  AVERAGE
LIFETIME (h)

0.1-0.18 231
0.18-0.3 229
0.3-0.6 225
0.6-1 219
1-1.8 179
1.8-3 126
3-6 67
6-10 28

Tegen and Lacis (1996)




Dust composition

MINERALOGIC COMPOSITION (X-ray difractometry)

« Silicates: quartz, feldspar, phillosilicates (illite, kaolinite, smectite)

» Carbonates: calcite, dolomite
« Hematite, gypsum, halite
ISOTOPIC COMPOSITION
* Sr, Nd, Pb
CHEMICAL COMPQOSITION (spectroscopy)
« Si, Al, Ca, Mg, Fe, K, Na, Mn, Ti, P, ..

« Information on the dust
source

* Influence on the dust
impact on health,
ecosystems, ...

* Influence on the optical
properties

Albite

Si Al Na




Seasonal variability
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Dust impacts

« Air quality and health
« Weather and climate
 Transportation

« Solar energy
 Agriculture
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Impact on human health

African Meningitis Belt

10 micrometers and above

9.0um — 10.0um
nasal passages

5.8um —9.0um

4.7um - 5.8um

trachea & primary bronchi
3.3um —4.7um

secondary bronchi

2.7um - 3.3um

terminal bronchi

T.7um = 2.1um

0.65um - 1.1um

~— I Meningitis
\0.43um -0.65um Belt

Particle size

Chemical and mineralogical composition

Pathogens (bacteria, fungi, viruses, ...) transported by dust
Time snd intensity of exposition




Impact on climate and weather
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Impact on transport
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Impact on solar energy

Reduction in available energy
Reduction in system efficiency
Need for costly maintenance

* Need much water




Impact on agriculture

Crop damage (loss of plant tissue and reduced photosyntetic activity)
Loss of topsoil

Damage to infrastructure (irrigation canals, roads, ...)

Reduction of water quality

Supply of nutrients to the soil (Na, K, Mg, Ca, P)




WMO SDS-WAS

Mission:
Improve the capacity of countries to produce and
distribute to end users accurate forecasts of the
mineral dust content in the atmosphere

Structure:
« Regional Center for Northern Africa, Middle East
and Europe. Barcelona, Spain
* Regional Center for Asia, Beljing, China
« Regional Center for Pan America
* Regional center for West Asia ???




WMO SDS-WAS. Regional Center NA-ME-E

The Center is jointly managed by the State Meteorological Agency of Spain
(AEMT) AND THE Barcelona Supercomputing Center (BSC)

Barcelona
Supercomputing

Center
Centro Nacional de Supercomputacion

e (@

UPC campus. Nexus Il building Marenostrum 3 supercomputer




Regional Center. Objectives
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- Facilitate-User-access to information
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= Strengthen the capacity of countries to use
observations, analysis and predictions suppliea



Cooperative research

Lidar-model intercomparison

Model inter-comparison for a Saharan
dust outbreak into Europe (Apr 2011).

Study of a haboob in
Tehran (Jun 2014)




New products

WMO SDS-WAS N.Africa-Middle East-Europe RC

Visibility reduced by airborne dust - 04 Oct 2015 12-18 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 09 AUG 2015 Valid: 12h 09 AUG 2015 (H+00)
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WMO SDS-WAS N.Africa-Middle East-Europe RC
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" oW

A

‘;(‘vsnr

PRAereg
S

23]
0

WMO SD5-WAS N.Africa-Middle East-Europe RC
RANGE Dust AOD

6.4

32

16

12

0.8

0.4

0.2

0.1

6.4

3.2

16

12

0.8

0.4

0.2

0.1



SDS Africa
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Website

NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER

WMO Sand ond Dust Storm Warning Advisory and ASSessment System {SOSSWAS)
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Capacity building
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TRAINING COURSES
* Accra
« Addis-Ababa
* Ankara
« Antalya
» Barcelona
* Casablanca
* |stanbul
* Muscat
* Niamey
« Ouagadougou

VISITORS FROM
* Iraq
« Romania
* Turkey



Barcelona Dust Forecast Center

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 09 FEB 2015 Valid: 12h 09 FEB 2015 (H+00)
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May 2013

WMO designates the consortium of AEMET
and BSC to host the first RSMC-ASDF. The
Center will generate and distribute
operational dust forecasts for Northern Africa
(north of equator), Middle East and Europe

Feb 2014

The Center, called Barcelona Dust Forecast
Center (BDFC) starts operations

Jun 2015

The BDFC is presented at the 17th WMO
Congress



Thanks for your attention
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WMO SDS-WAS Regional Center for
Northern Africa, Middle East and
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