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Atmospheric	aerosol	and	the	
dominance	of	mineral	dust



¿Where	is	dust	emitted?



¿How?

Synoptic	dust	storm Haboob	(moist	convection)	



¿What	are	the	dust	emission	mechanisms?



¿What	is	the	composition	of	dust?

Size Aggregation,	irregular	shapes

illite,	smectite,	kaolinite,	chlorite,	feldspar,	calcite,	quartz,	iron	oxides	



¿How	dust	interacts	with	weather	and	
climate?

atmospheric dynamics & phyisics

surface wind &
turbulence

Sources,
Vegetation,

Soil humidity,
cohesion

dust emission dust transport dust deposition

Ocean fertilization
Snow/ice albedo 

modification

Radiation
Cloud 

microphysics

climate

Anthropogenic forcing?

Human disturbances: e.g. agriculture 



Dust-radiation	and	Dust-cloud	interactions



Heterogeneous	chemistry	of	dust



Biogeochemical	cycles

Iron

Phosphorous

Nitrogen

Carbon



¿How	does	it	relate	to	climate	change?



¿Are	dust	storms	natural	phenomena?



¿Are	dust	storms	natural	phenomena?



Interannual and	Decadal	Variability

Yu	et	al.,	2015



Long-term	trend
Kelley,	et	al	2015,	PNAS	doi:10.1073/pnas.1421533112	)



Agriculture
Dust	Bowl	in	the	US	(1930´s)



Health



Epidemics	of	meningitis	in	the	Sahel
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Transport



Solar	Energy	production



Models	and	prediction

sds-was.aemet.es
dust.aemet.es



Prediction of dust distribution requires representation of sources, 
transport, sinks

Transport



Dust	models
• Dust	models	simulate	the	atmospheric	dust	cycle:

• Dust	emission
• Advective	and	convective	transport
• Turbulent	diffusion
• Sedimentation,	wet	and	dry	deposition

ü ADECUATELY CONSTRAINED BY THE AVAILABLE OBSERVATIONS CAN PROVIDE
HISTORICAL AND CONTINUOUS DATA FILLING THE TEMPORAL AND SPATIAL GAPS OF
THE OBSERVATIONS

ü THEY CAN BE USED AS SHORT-TERM FORECASTING TOOLS (3-5 days ahead)



• Synoptic dust storms (large scale weather systems)
• Prefrontal	winds
• Postprontal winds
• ….

• Mesoscale dust storms
• Gap	flows
• Haboobs
• Inversion downbursts
• Dust devils
• …..

Types of	dust storms and	model skills



Synoptic dust storms:	February 2007



Synoptic	dust	storms:	February	2007



Synoptic dust storms:	February 2007



Synoptic	dust	storms:	March	2007



Mesoscale	dust	storms	(Haboobs)
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3. Annual experiments
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Who	can	use	predictions	to	benefit	society	
and	economy?

- Air	quality agencies	(regional	and	local)
- National Meteorological Services
- Aviation and	ground transportation autorities
- Decision makers (health,	agriculture)
- Solar	Energy insdustry
- Researchers (ocean community,	health community,	planning
experimental	campaigns)





The	objective	of	this	programme is	to	
improve	the	understanding	of	dust	
processes	and	dust	prediction	
capabilities.

WMO	SDS-WAS	programme has	2	
regional	nodes,	which	are	managed	in	
2	regional	centers	(RC):

• NAMEE	RC:	AEMET-BSC,	Barcelona
• ASIA/Central	Pacific	RC:	China	

Meteorological	Agency,	Beijing

WMO	SDS-WAS	NAMEE	RC:
• 8	dust	models	(e.g.	NMMB/BSC-DUST,	BSC-

DREAM8b)	à Dust	forecast	(DOD,	Surf.	
Conc.)

• NRT	evaluation	(e.g.	AERONET	sun-
photometers,	MODIS)

• Dust impacts have motivated the creation (in 2007) of WMO Sand and Dust Storm 
Warming Advisory and Assessment System (SDS-WAS) programme.



WMO	Barcelona	Dust	Forecast	center	(BDFC):

It	is	the	first	specialized	center	for	mineral	
dust	prediction	of	the	WMO

NMMB/BSC-Dust	model	was	selected	by	
WMO	as	dust	model	of	reference	for	the	
dust	forecast	of	this	center

Dust	forecast	(NMMB/BSC-Dust):
• 0.1ºx0.1º
• 72h	(daily	updated)
• Various	variables	(e.g.	DOD,	Dust	surf.	Con.)
• North	Africa,	Middle	East,	and	Europe

NRT,	monthly,	and	seasonal	evaluation:
• AERONET	sun-photometers	(e.g.	AOD,	AE)



Next

• Kuwait	dust	forecasting	system	at	KISR	!?



Thank you
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carlos.perez@bsc.es


