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Questions will be welcome!




Introduction

What do we needto forecastdust storms?

> N

Satellites surfaceobservations NWPmodelsanddustmodels
Goodknowledgeof the dustclimatologyin the region
Goodknowledgeof observationlimitations.
Goodknowledgeof the dustmodellimitations.



Dust forecasting models

Dustmodelsare a nathematicalrepresentation of atmospheric dust cycle.

Impact on radiation
(Optical thickness, backscatter)

T'l'urbulcnl diffusion

Trapped particles .:(
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V To complement dustrelated
observations filling the temporal
and spatial gaps of the
measurements

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

To predict the impact of dust on
surface level concentrationsused
as SHORITTERM FORECASTING
TOOL$3-5 daysahead)



Dustforecasting models

Dustforecastingnodelsdo not take accountdustresuspension
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KathmanduNepal, March 2017
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Outlook

Dust cycle and associated processes
A Theatmospheriaustcycle

A Dustglobalclimatology
A Typesof duststormsand modelforecastingskills

Dustforecastingmodels

A Dustemissiorschemesnddustsources
A Dusttransport

A Dustdepositionand sedimentation

Modelingthe dustcycleat BSCFromR&D tooperational



Dust cycle and associated processes

MODIS truecolourcompositeimagefor MODIS True color WesteAfricac
March2005depictinga dust storm AltanticOcean
initiated at the BodéléDepression

(ChadBasin

Dusttransportis a global phenomenon. However, dust emission is a
threshold phenomenon, sporadic and spatially heterogeneous, that is
locally controlled on small spatial and temporal scales.



Dust cycle and associated processes
Dustglobaldlstrlbutlon
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MODIS Deep Blue aerogmbducts byGinouxet al. (2012)




Dust cycle and associated processes

Temporalchangesn the dustdistribution: SEASONAL and DECADAL CHANGES

TOMS Absorbing Aerosol Index

0.0 0.5 1.0 2.0 4.0 8.0 120 24.0 48.0

wSeasonabust distribution changeswell characterized Followsseasonalchangingweather regimes
(mainly)andvegetationchangegin semtarid areag

wlnterannual/decadal changes are controlled by climate and surface modification (land use,
desertification) Decadathangesare not well capturesby models

Figureextractedfrom Tegenal. (2002)



Dust cycle and associated processes

Theatmospheriadustcycleandinvolves a variety of processes:

Impact on radiation
(Optical thickness, backscatter)
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Extracted from Shao (2008)

A Dustemissionfrom dry
unvegetablesurfaces
(dustsources

A Mid- andlongrange
transport

A Sedimentationwet and
dry deposition



Dust cycle and associated processes

Dustimpacts

measurement

techniques \ \ / Ecosystemameteorologyand
Impact on climatesystem

climate
AMarine productivity
A Coralmortality
AHurricanedormation

Air Quality and HumanHealth
A Respiratorydiseasgasthma
A Eyeinfections
AMeningitis inAfrica
A ValleyFeveiin the Americas

Aviation and GroundTransportation
A Lowvisibility (i.e. airdisaster$

dust sources

Agricultureandfishering

Imagefrom WMOwebsite Energyandindustry
(http:// www.wmo.int/pages/prog/arep/wwrp/new/hurricanes.html)
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Dust cycle and associated processes

Types of dust storms:

Synopticdust storms(largescaleweathersystems

w Prefrontalwinds

w Postprontalwinds

w LargescaleTradewinds
w X

Mesoscaledust storms

w Downslopewinds

w Gapflow

w ConvectiondustdevilsandHaboob$
w Inversiondownburststorms

w X



Dust cycle and associated processes

Synoptiaduststorms Prefrontal

MODIS True Color Image 0905Z 08 Mar 2010 Showing Prefrontal Dust over North Africa
Associated With Frontal Winds (”"Sirocco”) over the Mediterranean, Extending Into Libya
Y U - . T -

Romdnia

italia

EAAGS

‘ Dust from
) : sirocco winds

Another
area of
dust




Dust cycle and associated processes

Synopticduststorms Postfrontal
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Dust cycle and associated processes

Synoptiaduststorms Largescaletradewinds
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Dust cycle and associated processes

Synopticdust storms Largescaletradewinds

05.03.2006-00:00

copyright EUMETSAT 2008
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Dust cycle and associated processes

Synopticdust storms Largescaletradewinds

MSG Dust RGB 1200 UTC 8 Mar 2006
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Dust cycle and associated processes

Mesoscalaluststorms Downslopewinds
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Dust cycle and associated processes

Mesoscalaeluststorms Gapflow

Aqua Satellite Image Over the Southern Sahara 2 Jan 2007
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Dust cycle and associated processes

Mesoscalauststorms Dustdevils(convectior)

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericResearclfUCAR)



Dust cycle and associated processes

Mesoscalaluststorms Haboobs

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)



Dust cycle and associated processes

Mesoscalaluststorms Haboobs

Intensivecold
downburstdrom
convectivecells
producedhighvelocity Py
surfacewind, creating /PO/;,}
coldfront whichwas

lifting, mixingand
: col
DUShmngSt M strong wind

dust )

Expectedhighwind speed drop in temperature risein
humidity, risein pressurereductionof visibility

(Vukovicet al., inpreparatior)



Dust cycle and associated processes

Mesoscalaluststorms Inversiondownbursts

Inversion

©The COMET Program
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Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)



Dust cycle and associated processes

Mesoscale dust storms: Inversion downbursts

Air piling up

Inversion bulges

Sea breeze

©The COMET Program

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)



Dust cycle and associated processes

Mesoscale dust storms: Inversion downbursts

- inversion breaks

©The COMET Program
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Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)



Dust cycle and associated processes

Mesoscale dust storms: Inversion downbursts

Inversion reestablished

©The COMET Program
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Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)



Dust cycle and associated processes

Synopticdust storms (largescaleweathersystem$  Well capturedby models

Prefrontal winds Postfrontal winds Largescaletrade
winds

Mesoscaledust storms Poorlycapturedby models
Sometypesimprove in regionalmodels

Dustdevils Haboobs




Dust forecasting models

Atmos. Chem Phys., 14, 11753-11773, 2014 Atmospheric

wwnameos-chem-phys net/ 14117532014/ - b s
doi: 10.5194/acp-14-11753-2014 Chemistry
© Author(s) 2014. CC Attribution 3.0 License. and Physics
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Aerosol characterization at the Saharan AERONET site
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AQOD

Dust forecasting models

2.5

[~ AERONET AOD 440 nm
. ~NMMB/BSC-Dust AOD 550 nm
20 Summertime Summertime |

1

1.5

Jan-07 Mar-07 Jun-07 Sep-07 Dec-07 Mar-08 Jun-08 Sep-08 Dec-08

Extracted fronGuiradoet al. (2014, ACP) 29



Dust forecasting models

GLOBAL
MODELS
Climate change

Long-range
squall Transport
Mid-
range

Desertification

n REGIONAL  jumnlILCE
Vegetation cover
H Uil LU Transport 8

Haboob [ | Landuse
Dust storm

Dry & wet depos.

Convection

Cloud
processes

Turbulence

_
Dust emission
Saltation
in

M

Decade

w Dustprocessespanover five ordersof magnitudein spaceand time Dusttransportisa
globalphenomenon Howevey dust emissionis a thresholdphenomenon sporadicand
spatiallyheterogeneousthat islocallycontrolledon smallspatialand temporalscales

w Tocorrectlydescribe andjuantifythe dustcycle one needsto understandequallywell
localscaleprocessesuchassaltationand entrainmentof individualdust particlesaswell as
large-scalephenomenasuchasmid- andlongrangetransport

Accuraterepresentationof dust sourcesand sinksis critical for providingrealistic
magnitudes andpatterns of atmosphericdust fields.

Adaptedfrom Shao(2011)



Dust forecasting models

METEO DATA
T, Pwinds SSTsurface

fluxes soilmoisture

__________________________________________________

_______________________________________________________________________________________________________________

ATMOSPHERIC & LABIDRFACE
MODEL

Initialization Optimalanalysisselfnesting

DynamicsAdvection& adjustment IC/BC

PhysicsDiffusion clouds& surfaceforcing
Soilmoisture & temperature

Surfacesoil hydrology NUMERICAL
Energy& massfluxes INTEGRATION
A Wind speed friction
. velocity moisture,
Oftline coupled Roughnestength
vegetationfraction

DUST MODULE

Sizeresolveddustemission
Dustinjection <

GIS DATA

Dustclimate |
Surfacetopographyandroughness |
Soiltype & particle sizedistribution
Veg heightcoveré& leaf-areaindex |

Landuse |

DUST MONITORING

Satelliteremote sensing
Synopticnetwork
Lidarnetwork
Dustmonitoring stationsamples

___________________________________________________________

Dust4D concentration

_________________________________________________________________________________________________________________

DATA ASSIMILATION

Dustinitial conditions



Desert dust soll types

Main landscape®f the North Africa
(Photosfrom Callotet al. 2000}

A) Centrapart of SahararAtlas. Inthe
backgroungdmountains and infront, an
overgrazedlain;

B)Northern part of Saharamtlas. Esparto
grasssteppedegradedby a strong
anthropicaction Thesandysoildisappears
denudingthe sandstonesubstratum

C)TheGreat Hamadaouth-westof E}
Abiodh-SidiCheikh

D) Daiain the Mechfar at HassiCheikhwell;

E) Northeastof the Great Western Erg:
coarsesandinterdune corridor with
deflationcauldronand palaeolakedeposits

F) Northeastof the Great Western Erg:
greatcoarsesanddomedunes coveredby
fine sandactivedunes




Soll size distribution derived from soll texture

7 i,

‘ l I-lligh 0,7

Four top soil texture classes according STAB&D 1km database are converted to 4 parent soil
size categories followingegenet al. [2002.



Vegetation, roughness, soil moisture

Vegetation fraction Soil moisture
(MODIS) (model based)
a7 Wos
Y B
T i P50 -155 -9io -4i5 o 4i5 95 135 1800

Roughness length
(ASCAT + PARASOL)

Barcelana

Supercomputing
Gml‘irr

Cenlrg Macional de Suparcampulacitn

@



Source mapping: why?

a -7 55 S:probabilityto haveaccumulatedsedimentsin the grid celli of
_ Gl " 4 . .
8 altitude zi

bestfit with the sourcesdentified by Prospero et al. 2000




Natural and anthropogenic dust sources

(Ginouxet al. 2012)



