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Dustpredictionmodels



Questions will be welcome!



Dusttransportisa 

globalphenomenon.However,dustemissionisathresholdphen

omenon,sporadicandspatiallyheterogeneous,thatislocallycontr

olledonsmallspatialand temporalscales

Dustemissioniscomplexphysicalprocessinvolvin

gentrainmentofsoilparticlesbythesurfacewinds.

Dust cycle and associated processes



Dust cycle and associated processes

Naturaldustsourcesgloballyaccountfor75% ofemissions;anthropogenicsourcesaccountfor25%.Naturaldustsourcesgloballyaccountfor75% ofemissions;anthropogenicsourcesaccountfor25%.

Global‐scale attribution of anthropogenic and natural dust sources and their emission rates based on MODIS Deep Blue aerosol 

products (extracted fromGinouxet al., 2012)



Synopticduststorms(largescaleweathersystems)

• Prefrontalwinds

• Postprontalwinds

• Large-scaleTradewinds

• …

Mesoscaleduststorms

• Downslopewinds

• Gapflow

• ConvectionandHaboobs

• Inversiondownburststorms

• …

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



www.bsc.es
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Dust cycle and associated processes

Synopticduststorms:Large-scaletradewinds
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Mesoscaleduststorms:Downslopewinds

Dust cycle and associated processes

Atla
sMountains
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Mesoscaleduststorms: Gapflow

Dust cycle and associated processes



Mesoscaleduststorms:Dustdevils(convection)

Dust cycle and associated processes

MoviefromtheCOMETprogramat http://meted.ucar.edu/ oftheUniversityCorporationforAtmosphericResearch(UCAR)



Mesoscale dust storms: Haboobs

Dust cycle and associated processes

MoviefromtheCOMETprogramat http://meted.ucar.edu/ oftheUniversityCorporationforAtmosphericResearch(UCAR)



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

MoviefromtheCOMETprogramat http://meted.ucar.edu/ oftheUniversityCorporationforAtmosphericResearch(UCAR)



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

MoviefromtheCOMETprogramat http://meted.ucar.edu/ oftheUniversityCorporationforAtmosphericResearch(UCAR)



Mesoscaleduststorms:Inversiondownbursts

Dust cycle and associated processes

MoviefromtheCOMETprogramat http://meted.ucar.edu/ oftheUniversityCorporationforAtmosphericResearch(UCAR)



Mesoscaleduststorms:Inversiondownbursts

Dust cycle and associated processes

MoviefromtheCOMETprogramat http://meted.ucar.edu/ oftheUniversityCorporationforAtmosphericResearch(UCAR)



Synopticduststorms(largescaleweathersystems)

Mesoscaleduststorms

Dust cycle and associatedprocesses: Types of dust storms

Pre-frontalwinds Post-frontalwinds Large-scaletrade

winds

Downslopewinds Gapflow HaboobsConvection&

Inversiondownbursts



 To complement dust-related observations, filling 

the temporal and spatial gaps of 

themeasurements.

 To help us to understand the dust processes and 

their interaction with climate andecosystems.

 To predict the impact of dust on surface level 

concentrations used asSHORT-

TERMFORECASTING TOOLS(3-5 days ahead)

Dustforecasting models

Dustmodelsare a mathematicalrepresentation of atmospheric dust cycle.

Extracted from Shao (2008)



On-linecoupled

Dust forecasting models

ATMOSPHERIC & LAND-SURFACE MODEL

Initialization:Optimalanalysis;self-

nestingDynamics:Advection&adjustment, IC/BC

Physics:Diffusion,clouds&surfaceforcing

Soilmoisture&temperature

Surfacesoilhydrology

Energy&massfluxes
NUMERICAL INTEGRATION

Windspeed,frictionvelocity,moisture,

Roughnesslength,vegetationfraction

DUST MODULE

Sizeresolveddustemission

Dustinjection

Dust4Dconcentration

DUST MONITORING

Satelliteremotesensing

Synopticnetwork

Lidarnetwork

Dustmonitoringstationsamples

GIS DATA

Dustclimate

Surfacetopographyandroughness

Soiltype&particlesizedistribution

Veg.heightcover&leaf-areaindex

Landuse

Albedo

DATA ASSIMILATION

Dustinitialconditions

Off-linecoupled

METEO DATA

T, P,winds, 

SST,surfacefluxes,soilmoisture



Experimentalcampaigns: BODEX 2005 (Toddetal.2008, JGR)

Strongdifferencesbetweenmodels!!!!Meteorologyandemissionscheme

First regional model intercomparison in the Bodélé hot spot

Dust forecastingmodels
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Dust forecasting models

March 2012, West Asia
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Theimpact of model resolution in dust propagation in a complex terrain region such as WestAsia:19thMarch2012

Exp. 0.33º x 0.33º Exp. 0.03º x 0.03º

Basart andBaldasano,submittedtoAeolianResearch

Dust forecasting models

Impactofthetopographyondusttransport

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

Dust daily forecast:

– BSC-DREAM8b
http://www.bsc.es/projects/earthscience/BSC-DREAM/

– NMMB/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-ERC (http://sds-was.aemet.es/)

FORECAST AND PRODUCTS

• Data exchange

• Joint visualization

• Common forecastevaluation (AERONET and MODIS)

• Generation ofmultimodelproducts

• Calculation of monthly evaluation metrics

• New sources of data for model evaluation

• Sharing model output data files

• Time-averaged products

FORECAST AND PRODUCTS

• Data exchange

• Joint visualization

• Common forecastevaluation (AERONET and MODIS)

• Generation ofmultimodelproducts

• Calculation of monthly evaluation metrics

• New sources of data for model evaluation

• Sharing model output data files

• 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 MACCanalysis

NMMB/BSC-Dust 12 Regional No

MetUM 00 Global MODIS AOD

GEOS-5 00 Global MODISreflectances

NGAC 00 Global No

EMA REG CM4 12 Regional No

DREAMABOL 12 Regional No



AOD at 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00

AOD at 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00

SDS-WAS:AODjointvisualization
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SDS-WAS:Surfaceconcentrationjointvisualization
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Surfaceconcentrationat 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00

Surfaceconcentrationat 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00
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SDS-WAS:Generationofmulti-modelproducts

AOD at 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00

Surfaceconcentration

Modeloutputs are bi-linearly interpolated to a common0.5ºx0.5ºgrid mesh.Then, differentmulti-model products aregenerated:

CENTRALITY: median - mean

SPREAD:standard deviation – range of variation

Modeloutputs are bi-linearly interpolated to a common0.5ºx0.5ºgrid mesh.Then, differentmulti-model products aregenerated:

CENTRALITY: median - mean

SPREAD:standard deviation – range of variation
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SDS-WAS:Generationofmulti-modelproducts

AOD at 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00

AOD at 550nm

from1-Oct-2015 12:00 to 3-Oct-2015 00:00

SDS-WAS ICAP

SDS-WAS and ICAPmulti-modelproducts



Newsourcesof dataformodelevaluation

 Visibility

 MSG/SEVIRI

 MODIS

 OMI

 CALIPSO

 PARASOL

 MPLNET

 PM10
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SDS-WAS:Dustobservations

MODIS composite 8thMarch 2015 from EOSDIS World Viewer



24 April 2013
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SDS-WAS: NRTEvaluationusingsatelliteaerosolproducts
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SDS-WAS: NRTEvaluationusingsurfaceconcentration
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SDS-WAS: NRTEvaluationusingVISIBILITY data

VISIBILITYon8-Oct-2015VISIBILITYon8-Oct-2015



SDS-WAS:NRTEvaluationusingAERONET

37

http://sds-was.aemet.es
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SDS-WAS: NRTEvaluationusingAERONET

Model evaluationmetrics (bias, correlation, RMSE and FGE) are calculated:

• By regions: NA-ME-E, Sahel/Sahara, Middle East and Mediterranean

• By time periods: monthly, seasonal and annual 



A set ofevaluationmetricsareselected:

 Bias

 RMSE

 correlationcoefficient

 FGE

Calculationsevaluationmetricsare donefor:

 monthly/seasonal/annual

 sitesandregions
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SDS-WAS: NRTEvaluationusingAERONET
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SDS-WAS: NRTEvaluationusingMODIS

A set ofevaluationmetricsareselected:

 Bias

 RMSE

 correlationcoefficient

 FGE

Calculationsevaluationmetricsare donefor:

 monthly/seasonal/annual
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SDS-WAS: NRTEvaluationusingMODISDeepBlue

A set ofevaluationmetricsareselected:

 Bias

 RMSE

 correlationcoefficient

 FGE

Calculationsevaluationmetricsare donefor:

 monthly/seasonal/annual



MB

Correlation

NMMB-BSC/Dust MultimodelMEDIAN
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SDS-WAS: NRTEvaluationusingMODISDeepBlue



NMMB-BSC/Dust MultimodelMEDIAN

RMSE

FGE
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SDS-WAS: NRTEvaluationusingMODISDeepBlue
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SDS-WAS:EvaluationusingLIDAR/Ceilometersdata



SDS-WAS:Modelintercomparison
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http://sds-was.aemet.es
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SDS-WAS:Modelintercomparison

(Huneeuset al., 2015, ACPD)

Studyof adustoutbreakoverEuropeinApril2011



SDS-WAS:Modelintercomparison
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(Binitieglouet al., 2015, AMT)

EARLINET verticalprofiles2011-2013
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Studyof ahaboobinIranin 2014

Contact: SlobodanNickovic(nickovic@gmail.com)

Case studyof the small-scale extreme dust 

storm occurred inTehranon2nd June 2014, at 

5:30 PM local time, lasting less than 2 hours 

according to public evidence.

Basedon public news, the dust storm caused 

several deaths, reduction of visibility to 

several tenths meters in the city, and adverse 

disturbance of the public traffic. The blowing 

wind reached 110 km/h.

SDS-WAS: Model intercomparison
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Barcelona DustForecasting Center (http://dust.aemet.es/)

First SpecializedCenterfor Mineral Dust Prediction ofWMO

NMMB/BSC-Dustselected to provide operational forecasts at high resolution (10km) for NAMEE 

region

First SpecializedCenterfor Mineral Dust Prediction ofWMO

NMMB/BSC-Dustselected to provide operational forecasts at high resolution (10km) for NAMEE 

region



BDFC (http://dust.aemet.es/)
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DustOpticalDepthat 550nm

DustDryDeposition

DustLoad

DustSurfaceConcentration

DustSurfaceExtinctionat 550nm

DustWetDeposition



A set ofevaluationmetricsareselected:

 Bias

 RMSE

 correlationcoefficient

 FGE

Calculationsevaluationmetricsare donefor:

 monthly/seasonal/annual

 sitesandregions
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BDFC:NRTEvaluationusingAERONET



CanaryIslands dust eventFebruary 2015

OBSERVATIONS

MODEL



CanaryIslands dust event March 2015

MODIS composite 8thMarch

from EOSDIS World Viewer

OBSERVATIONS

MODEL



Europedust eventJune 2015

OBSERVATIONS

MODEL

Model

AERONETObs.

Model

AERONETObs.



Europedust eventMay2015

MODIS composite 13thMay

from EOSDIS World Viewer

OBSERVATIONS

MODEL

Model

AERONETObs.

Model

AERONETObs.



Arabian dust event February 2015

Model

AERONETObs.

Model

AERONETObs.

OBSERVATIONS

MODEL



Arabian dust event Abril 2015

Model

AERONETObs.

Model

AERONETObs.

OBSERVATIONS

MODEL



Synopticduststorms(largescaleweathersystems)

Mesoscaleduststorms

Dust cycle and associatedprocesses: Types of dust storms

Pre-frontalwinds Post-frontalwinds Large-scaletrade

winds

Downslopewinds Gapflow

Wellcapturedbymodels.

Poorlycapturedbymodels.Sometypesimprovein regionalmodels.

HaboobsConvection&

Inversiondownbursts



www.bsc.es

Thankyouغراسياس

Acknowlegdeto JoséMªBaldasano, FrancescoBenincasa,OriolJorba, KimSerradell,EnricTerradellas, Gerardo García-Castrillo 

andthecollaboratorsoftheWMO SDS-WAS NAMEE Regional Center.

ThesourceofsomeofthemoviesandinformationinthispresentationistheCOMET®Websiteat http://meted.ucar.edu/ 

oftheUniversityCorporationforAtmosphericResearch(UCAR),sponsoredinpartthroughcooperativeagreement(s)withtheNationalOceanicandAtmosphericAdministrati

on(NOAA), U.S.Departmentof Commerce (DOC)© 2007-2011UniversityCorporationforAtmosphericResearch.AllRightsReserved.

Satellite data used in this presentation were produced with the Giovanni online data system, developed and maintained by the NASA GES DISC.Weacknowledge 

the NASA and AERONET mission scientists and Principal Investigators who provided the data used in this research effort.
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