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Questions will be welcome!



What do we needto forecastdust storms?

1. Satellites, surfaceobservations, NWP modelsand dustmodels. 

2. Goodknowledgeof the dustclimatologyin the region.

3. Goodknowledgeof observationlimitations.

4. Goodknowledgeof the dustmodellimitations.

Introduction



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)

Dustmodelsare a mathematicalrepresentation of atmospheric dust cycle.

Extracted from Shao (2008)

Dust forecasting models



Dust forecasting models

Dustforecastingmodelsdo not takeaccountdustresuspension

Kathmandu, Nepal, March 2017
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1. Dust cycle and associated processes

Å Theatmosphericdustcycle
Å Dustglobal climatology
Å Typesof duststormsand modelforecastingskills

2. Dustforecastingmodels

Å Dustemissionschemesand dustsources
Å Dusttransport
Å Dustdepositionand sedimentation

3.     Modelingthe dust cycleat BSC: FromR&D to operational

Outlook



MODIS true colourcompositeimagefor
March2005 depictinga duststorm
initiated at the BodéléDepression

(Chad Basin)

MODIS True color Western Africaς
AltanticOcean

Dust cycle and associated processes



Dustglobal distribution

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

Dust cycle and associated processes



ωSeasonaldust distribution changeswell characterized. Followsseasonalchangingweather regimes
(mainly)andvegetationchanges(in semi-arid areas)

ωInterannual/decadal changes are controlled by climate and surface modification (land use,
desertification). Decadalchangesarenot well capturesby models

Temporal changesin the dustdistribution: SEASONAL and DECADAL CHANGES

Figure extractedfrom Tegenal. (2002)

Dust cycle and associated processes



Theatmosphericdustcycleand involves a variety of processes: 

Á Dustemissionfrom dry
unvegetablesurfaces
(dustsources)

Á Mid- and long-range
transport

Á Sedimentation, wet and 
dry deposition

Extracted from Shao (2008)

Dust cycle and associated processes



Imagefrom WMO website
(http:// www.wmo.int/pages/prog/arep/wwrp/new/hurricanes.html)

Ecosystems, meteorologyand 
climate
ÅMarine productivity
ÅCoral mortality
ÅHurricanesformation

Air Qualityand Human Health
ÅRespiratorydisease(asthma) 
ÅEyeinfections
ÅMeningitis in Africa
ÅValley Feverin the Americas

Aviation and GroundTransportation
ÅLowvisibility(i.e. air disasters) 

Agricultureand fishering

Energyand industry
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Dust Impacts

Dust cycle and associated processes



Synopticdust storms(largescaleweathersystems)

ωPrefrontalwinds
ωPostprontalwinds
ωLarge-scaleTradewinds
ωΧ

Mesoscale dust storms

ωDownslopewinds
ωGap flow
ωConvection(dustdevilsand 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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Synopticduststorms: Large-scaletradewinds

Dust cycle and associated processes
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Synopticduststorms: Large-scaletradewinds

Dust cycle and associated processes
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Synopticduststorms: Large-scaletradewinds

Dust cycle and associated processes
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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)

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

Dust cycle and associated processes



Mesoscaleduststorms: Haboobs

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

Dust cycle and associated processes



Intensivecold
downburstsfrom
convectivecells
producedhighvelocity
surfacewind, creating
coldfront whichwas
lifting, mixingand 
pushingdust

Expected: highwindspeed, drop in temperature, risein 
humidity, risein pressure, reductionof visibility.

(Vukovicet al., in preparation)

Mesoscaleduststorms: Haboobs

Dust cycle and associated processes



Mesoscaleduststorms: Inversiondownbursts

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

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)

Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes



Synopticdust storms (largescaleweathersystems)

Mesoscale dust storms

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

Downslopewinds Gap flow Dustdevils Haboobs

Well capturedby models.

Poorlycapturedby models. 
Sometypesimprove in regional models.

Dust cycle and associated processes
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http://aeronet.gsfc.nasa.gov/

Dust forecasting models
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Dust cycle and associated processes: Types of dust storms

Extracted from Guiradoet al. (2014, ACP)

Dust forecasting models



ωDustprocessesspanover five ordersof magnitudein spaceand time.  Dusttransport isa 
global phenomenon. However, dust emissionisa thresholdphenomenon, sporadicand 
spatiallyheterogeneous, that is locallycontrolledon smallspatialand temporal scales.

ωTo correctlydescribe and quantifythe dustcycle, oneneedsto understandequallywell
local-scaleprocessessuchas saltationand entrainmentof individual dustparticlesas well as 
large-scalephenomenasuchas mid- and long-rangetransport.

Accuraterepresentationof dust sourcesand sinksis critical for providingrealistic
magnitudes and patternsof atmosphericdust fields.

Adaptedfrom Shao(2011)

Dust forecasting models



On-line coupled

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

Dust forecasting models



Desert dust soil types
Main landscapesof the North Africa
(Photosfrom Callotet al. 2000) :

A) Central part of SaharanAtlas. In the
background, mountains, and in front, an
overgrazedplain;

B) Northernpart of SaharanAtlas. Esparto 
grasssteppedegradedby a strong
anthropicaction. Thesandysoildisappears, 
denudingthe sandstonesubstratum;

C) TheGreat Hamada south-westof El-
Abiodh-Sidi-Cheikh;

D) Daïain the Mechfar, at HassiCheikhwell;

E) North-eastof the Great Western Erg: 
coarsesandinterdunecorridorwith
deflationcauldronand palaeolakedeposits;

F) North-eastof the Great Western Erg: 
greatcoarsesanddome dunes, coveredby
fine sandactive dunes.



Soil size distribution derived from soil texture

Silt 2-50 ˃ ƳClay 0-2 ˃ Ƴ

Fine/medium sand 50-500 ˃ Ƴ Coarse sand 500-1000 ˃ Ƴ

Four top soil texture classes according STASGO-FAO 1km database are converted to 4 parent soil 
size categories following Tegenet al. [2002].



Vegetation, roughness, soil moisture
Vegetation fraction

(MODIS)

Soil moisture
(model based)

Roughness length
(ASCAT + PARASOL)



Source mapping: why?
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S: probabilityto haveaccumulatedsedimentsin the gridcell i of 
altitude zi

bestfit with the sourcesidentifiedby Prospero et al. 2000

Ginouxet al. (2001) (topographic approach)



Natural and anthropogenic dust sources

(Ginouxet al. 2012)


