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Dust prediction models



Questions will be welcome!



Dusttransport isa global phenomenon. 
However, dustemissionisa threshold
phenomenon, sporadicand spatially

heterogeneous, that is locallycontrolledon
smallspatialand temporal scales

Dustemissionis complexphysical
processinvolvingentrainmentof 

soilparticlesby the surfacewinds.

Dust cycle and associated processes



Dust cycle and associated processes

Natural dustsourcesgloballyaccountfor 75% of emissions; anthropogenicsources
accountfor 25%. 

DƭƻōŀƭπǎŎŀƭŜ ŀǘǘǊƛōǳǘƛƻƴ ƻŦ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŀƴŘ ƴŀǘǳǊŀƭ Řǳǎǘ ǎƻǳǊŎŜǎ ŀƴŘ ǘƘŜƛǊ ŜƳƛǎǎƛƻƴ ǊŀǘŜǎ ōŀǎŜŘ ƻƴ 
MODIS Deep Blue aerosol products (extracted from Ginouxet al., 2012)



Synopticduststorms(largescaleweathersystems)

ωPrefrontalwinds
ωPostprontalwinds
ωLarge-scaleTradewinds
ωΧ

Mesoscale duststorms

ωDownslopewinds
ωGap flow
ωConvectionand Haboobs
ωInversiondownburststorms
ωΧ

Types of dust storms:

Dust cycle and associated processes



Synopticduststorms: Pre-frontal

Dust cycle and associated processes



Synopticduststorms: Post-frontal

Dust cycle and associated processes
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Dust cycle and associated processes

Synopticduststorms: Large-scaletradewinds
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Dust cycle and associated processes

Synopticduststorms: Large-scaletradewinds
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Dust cycle and associated processes

Synopticduststorms: Large-scaletradewinds
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Mesoscale duststorms: Downslopewinds

Dust cycle and associated processes
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Mesoscale duststorms: Gap flow

Dust cycle and associated processes



Mesoscale duststorms: Dustdevils(convection)

Dust cycle and associated processes

Movie from the COMET programat http://meted.ucar.edu/ of the UniversityCorporationfor AtmosphericResearch(UCAR)



Mesoscale dust storms: Haboobs

Dust cycle and associated processes

Movie from the COMET programat http://meted.ucar.edu/ of the UniversityCorporationfor AtmosphericResearch(UCAR)



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

Movie from the COMET programat http://meted.ucar.edu/ of the UniversityCorporationfor AtmosphericResearch(UCAR)



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

Movie from the COMET programat http://meted.ucar.edu/ of the UniversityCorporationfor AtmosphericResearch(UCAR)



Mesoscaleduststorms: Inversiondownbursts

Dust cycle and associated processes

Movie from the COMET programat http://meted.ucar.edu/ of the UniversityCorporationfor AtmosphericResearch(UCAR)



Mesoscaleduststorms: Inversiondownbursts

Dust cycle and associated processes

Movie from the COMET programat http://meted.ucar.edu/ of the UniversityCorporationfor AtmosphericResearch(UCAR)



Synopticduststorms (largescaleweathersystems)

Mesoscaleduststorms

Dust cycle and associated processes: Types of dust storms

Pre-frontal winds Post-frontal winds Large-scaletrade
winds

Downslopewinds Gap flow HaboobsConvection& 
Inversiondownbursts



V To complement dust-related
observations,filling the temporal
and spatial gaps of the
measurements.

V To help us to understandthe dust
processes and their interaction
with climateandecosystems.

V To predict the impact of dust on
surface level concentrationsused
as SHORT-TERM FORECASTING
TOOLS(3-5 daysahead)

Dust forecasting models

Dustmodelsare a mathematicalrepresentation of atmospheric dust cycle.

Extracted from Shao (2008)



On-line coupled

Dust forecasting models

ATMOSPHERIC & LAND-SURFACE 
MODEL

Initialization: Optimalanalysis; self-nesting
Dynamics: Advection& adjustment, IC/BC
Physics: Diffusion, clouds& surfaceforcing

Soilmoisture& temperature
Surfacesoilhydrology
Energy& massfluxes

NUMERICAL 
INTEGRATION

Windspeed, friction
velocity, moisture,
Roughnesslength, 
vegetationfraction

DUST MODULE
Sizeresolved dustemission

Dustinjection
Dust4D concentration

DUST MONITORING
Satelliteremotesensing

Synopticnetwork
Lidar network

Dustmonitoringstationsamples

GIS DATA
Dustclimate

Surfacetopographyand roughness
Soiltype& particlesizedistribution
Veg. heightcover& leaf-areaindex

Landuse
Albedo

DATA ASSIMILATION
Dustinitial conditions

Off-line coupled

METEO DATA
T, P, winds, SST, surface

fluxes, soilmoisture
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RegCM3

LM-MUSCAT

MNH

RAMS

DREAM

Observed

Experimental campaigns: BODEX 2005 (Toddet al. 2008, JGR)

Strongdifferencesbetweenmodels!!!! ­Meteorologyand emissionscheme

First regional model intercomparison in the Bodélé hot spot

Dust forecasting models
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Dust forecasting models

March 2012, West Asia
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The impact of model resolution in dust propagation in a complex terrain region such as 
West Asia: 19th March 2012

Exp. 0.33º x 0.33º Exp. 0.03º x 0.03º

Basart and Baldasano,  submittedto AeolianResearch

Dust forecasting models

Impactof the topographyondust transport

MODIS/AquaMarch19, 2012
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ES-BSC: Mineral Dust Modelling

Dust daily forecast:

ïBSC-DREAM8b 

http://www.bsc.es/projects/earthscience/BSC-DREAM/

ïNMMB/BSC-Dust: 

http://www.bsc.es/projects/earthscience/NMMB-BSC-DUST/



OPERATIONAL
http://dust.aemet.es/

RESEARCH 
http://sds-was.aemet.es/

ES-BSC: WMO Dust Centers
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SDS-WAS NA-ME-E RC (http://sds-was.aemet.es/)

FORECAST AND PRODUCTS

Å Data exchange

Å Joint visualization

Å Common forecast evaluation (AERONET and MODIS)

Å Generation of multimodelproducts

Å Calculation of monthly evaluation metrics

Å New sources of data for model evaluation

Å Sharing model output data files

Å Time-averaged products

sdswas@aemet.es



SDS-WAS: Dustmodels
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MODEL RUN TIME DOMAIN
DATA 

ASSIMILATION

BSC-DREAM8b 12 Regional No

CHIMERE 00 Regional No

LMDzT-INCA 00 Global No

MACC 00 Global MODIS AOD

DREAM-NMME-

MACC
12 Regional MACC analysis

NMMB/BSC-Dust 12 Regional No

MetUM 00 Global MODIS AOD

GEOS-5 00 Global
MODIS 

reflectances

NGAC 00 Global No

EMA REG CM4 12 Regional No

DREAMABOL 12 Regional No



AOD at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00

SDS-WAS: AOD joint visualization
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SDS-WAS: Surfaceconcentrationjoint visualization
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Surface concentration at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00
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SDS-WAS: Generationof multi-model products

AOD at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00

Surfaceconcentration

Model outputs are bi-linearly interpolated to a common 0.5ºx0.5º grid mesh. Then, different multi-model 
products are generated:

CENTRALITY: median - mean

SPREAD: standard deviation ςrange of variation



32

SDS-WAS: Generationof multi-model products

AOD at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00

SDS-WAS ICAP

SDS-WAS and ICAP multi-modelproducts



New sourcesof data for modelevaluation

ÁVisibility 

ÁMSG/SEVIRI

ÁMODIS

ÁOMI

ÁCALIPSO

ÁPARASOL

ÁMPLNET

ÁPM10
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SDS-WAS: Dustobservations

MODIS composite 8th March 2015 from EOSDIS World Viewer



24 April 2013
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SDS-WAS: NRT Evaluationusingsatellite aerosol products
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SDS-WAS: NRT Evaluationusingsurfaceconcentration


