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Introduction

What do we needto forecastdust storms?

Satellites surfaceobservations NWPmodelsand dustmodels
Goodknowledgeof the dustclimatologyin the region
Goodknowledgeof observationlimitations.
Goodknowledgeof the dustmodellimitations.
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Dustforecasting models

Dustmodelsare a nathematicalrepresentation of atmospheric dust cycle.

§§§I pact V To complement dustrelated
Orl s ks observations,filling the temporal
T Q and spatial gaps of the
0 ‘,—p,, -— measurements
0 0 V Tohelp usto understandthe dust
| T processes and their interaction
l . l"““ S with climateand ecosystems
. A T ...... ~— V To predict the impact of dust on
: T, surface level concentrationsused
e Vodimns  jootaiin L = as SHORITERM FORECASTING
| @ ereem ] sateton T TOOL$3-5 daysahead)

Extracted from Shao (2008)
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1. Dust cycle and associated processes

A Theatmospheriaustcycle
A Dustglobalclimatology
A Typesof duststormsand modelforecastingskills

2. Dustforecastingmodels

Dustemissiorschemesnddustsources
Dusttransport

Dustdepositionand sedimentation
Dustoperatcionaimodelsat BSC

Modelevaluationand modelintercomparison
TheWMO SDSVAS NAMEE RC
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Dust cycle and associated processes

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

(ChadBasir)

Peoplecaughtin aduststormin Mali
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Dust cycle and associated processes

Dustglobaldistribution
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Extractedfrom Prospero et al. (2002, R&eophys

Theglobal
distribution of
TOMSust
sources



Dust cycle and associated processes

Temporalchangesn the dustdistribution: SEASONAL and DECADAL CHANGES

DJF MAM

TOMS Absorbing Aerosol Index

LI |

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) Decadachangesare not well capturesby models
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Dust cycle and associated processes

Theatmospheriadustcycleandinvolves a variety of processes:

Impact on radiation
(Optical thickness, backscatter)

Condensation nuclei

T Convection

-
Transport by
wind & clouds

6
y 0
0
l\\'ct deposition e l Dry deposition
,,:""'. pral 2 T S

Soil texture

Trapped particles 72, )\ & surface crust

Saltation ”

T'I’urbulcnt diffusion <*+——

TDUS( emission S A1)

Wind
|

-

Extracted from Shao (2008)
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A Dustemissionfrom dry
unvegetablesurfaces
(dustsources

A Mid- andlongrange
transport

A Sedimentationwet and
dry deposition



Dust cycle and associated processes

Dustimpacts

it \ / : Meteorology and climate
\ O AMarine productivity
A Coralmortality
AHurricanedormation

Air Quality and HumanHealth
A Respiratorydiseasgasthma

/ /5 A Eyeinfections
AMeningitis inAfrica
transport biosphere
hoalth i L‘ ~ A ValleyFeveiin the Americas

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

Agriculture

dust sources

Energyandindustry

hé«ncs
Imagefrom WMOwebsite

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

i I('J’:l

—sourcepoint

Lej =k Ciplele

JO0SPOT—

Nigera
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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 Convectiorand Haboobs
w Inversiondownburststorms
0w X
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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
' Bis " T 3

“Romdnia

Tlrkiye A2
7ue-1 M 31atya Y

Dust from
sirocco winds

Another A
area of &
dust
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Dust cycle and associated processes

Synoptiadust storms Postfrontal

i e
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Dust cycle and associated processes

Synoptiaduststorms Largescaletradewinds

\ -w#esss- Polar easterlies
LS S % S N N W
‘ ' Prevailing westerlies

G NISSTTITITII I 7.
Northeasterly trades
et S VLV L LN
‘ : Southeasterly trades

AATTTTTISTSS TSI
30°S

Prevailing westerlies

A S S SN S S,
-« »2#» =~ Polar easterlies

rers Sinking air with high pressure
= = Rising air with low pressure

©The COMET Program
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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

Synoptiaduststorms Largescaletradewinds

MSG Dust RGB 1200 UTC 8 Mar 2006
P/ oA

Ennedii¥
Mountains

© 2006 EUMETSATF

J
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Dust cycle and associated processes

Mesoscalaluststorms Downslopewinds

MSG Dust RGB 12 UTC 23 Feb 2006 T >
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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

Mesoscalalust storms Dustdevils(convectior)

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dust cycle and associated processes

Mesoscale dust storms: Haboobs

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dust cycle and associated processes

Mesoscale dust storms: Inversion downbursts

Inversion

©The COMET Program

fEEn @@E‘E

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dust cycle and associated processes

Mesoscale dust storms: Inversion downbursts

Air piling up Inversion bulges

©The COMET Program
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Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dust cycle and associated processes

Mesoscalaelust storms Inversiondownbursts

- Inversion breaks

©The COMET Program

anm CEEEE

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dust cycle and associated processes

Mesoscalaluststorms Inversiondownbursts

Inversion reestablished

©The COMET Program

ans- EEEE

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dust cycle and associatqurocesses: Types of dust storms

Synopticdust storms (largescaleweathersystem$  Well capturedby models

Prefrontal WlndS Postfrontal winds Largescaletrade
winds

Mesoscaledust storms Poorlycapturedby models
Sometypesimprove in regionalmodels

Downslopewmds Gapflow Convection Haboobs
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Dust cycle and associatqurocesses: Types of dust storms

Atmos. Chem Phys., 14, 11753-11773, 2014 Atmospheric &
wwwatmos-chem-phys net/ 141175320147 " -
doi:10.5194/acp-14-11753-2014 Chemistry ;
© Author(z) 2014. CC Attribution 3.0 License. and Physics

(o

Aerosol characterization at the Saharan AERONET site

Tamanrasset

C. Guirade!?, E. Cuevas®, V. E. Cachorre!, C. Toledano!, 5. .’:.Iu:rnsp—Pérez:'a"l. J1.J. Bustes?, 5. Basart’,
P. ML Romere”, . Camine?, ML Mimouni®, L. Zeudmi®, P, Goloub’, J. M. Baldazane™®, and A. ML de Frutes!
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Dust cycle and associatqurocesses: Types of dust storms

2.5

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

.

1.5

AOD

Jan-07 Mar-07 Jun-07 Sep-07 Dec-07 Mar-08 Jun-08 Sep-08 Dec-08
@ e suting Extracted fronGuiradoet al. (2014, ACP)
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Dustforecasting models

GLOBAL
MODELS

Climate change

Long-range
Transport Desertification

Vegetation cover

Landuse

Dry & w ‘tdepos.

Cloud
processes

Convection

Turbulence

Dust emission

Saltation

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
@ Barcelona magnitudes andratterns of atmosphericdust fields.
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Dust forecasting models

METEO DATA

| |
= i
|

: T, Pwinds, SSTsurface i
: fluxes soilmoisture :
|
1 |

ATMOSPHERIC & LABIDRFACE
MODEL a— :

Initialization Optimalanalysisselfnesting :
DynamicsAdvection& adjustment IC/BC
PhysicsDiffusion clouds& surfaceforcing

Soilmoisture & temperature

Surfacesoil hydrology NUMERICAL

A Wind speed friction
velocity moisture,
vegetationfraction

DUST MODULE

Sizeresolveddustemission
Dustinjection <€

GIS DATA

|
|
|
Dustclimate :
Surfacgopographyandroughness :
Soiltype & particlesizedistribution i
Veg height cover& leaf-areaindex :
Landuse :

|

|

DUST MONITORING

| |
| |
| |
| |
I Satelliteremote sensing !
: Synopticnetwork :
| Lidarnetwork I
i Dustmonitoring stationsamples |
|
| |

Dust4D concentration

Barcelona
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i Energy& massfluxes INTEGRATION

|
|
|
|
|
|
|
|
|
|
|
|
|
|
. |
|
|
|
|
|
|
|
|
|
|
|
|

Dustinitial conditions

i DATA ASSIMILATION



Dust forecastingnodels: Global and regional models

Regionaimodelsoffer anumberof advantagesn representationof dust
comparedto Globalmodels

A Finerspatiotemporalresolution
A Multiple physicgparameterization&llow for morerealisticrepresentation

of the topography soilconditionsand mesoscaleirculations

Regionaimodelsare better suitedfor simulationof timing, durationand
Intensity of individualdustevents
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Dustforecasting models

Dustmodelssimulatethe atmosphericdust cycleandinvolves a variety of

pProcesses.

e e e e Ha uC o/|aucC, o aucC, o
C=lu—%- v—=", (W'ng) “UB(KDC ) |—aK, —% 6+ &6 e
pt KX 24 Kz HZ ¢ MZ =] ¢ HU +souree || ¢ MU +gn
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection advection & diffusion diffusion deposition

gravitational N
settling
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Dustforecasting models: Emission scheme

Dust source function
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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



Dustforecasting models: Emission scheme

Four top soil texture classes according STAB&D 1km database are converted to 4 parent soil

Barceions size categories followin@egenret al. [2002]
@ Supercomputing
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Dustforecasting models: Emission scheme

Dust source function

20 -15 <10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8O 85 90 95 100

DUST HOT SPOTS ASSOCIATED WITH TOPOGRAPHIC DEPRESSIONS (Prospero et al., 2
Images show topography (color scale) and TOMS Al (contours)
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Dustforecasting models: Emission scheme

Dustsourcefunction: GOCART arndMMb/BSCGDustmodels

{
Low sparse grassland (2) A L "/
s Baredesert(g) a2\
11 xxx - 3
£ K-

Z/
IS0 Sand desert (50) 0 \,:, ;7

AL
BISI Semidesrtshrub (51) {E USGS landuse datasetIp v #
W2 Semidesert saae (52 __1km dataset with 94 landuse categories

NESDIS vegetation fraction1]
- 0.144 degree monthly-§r climatology

; Preferential sources [@] ¥ }'
“” _"[Ginoux et al., 2001] '

Source function [0-1]

d =USGS -PREF (1- VEGFRAC )( 1- SnowCover )
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Dustforecasting models: Emission scheme

Dustsourcefunction: Otherapproaches

.14 0.20 [ci] Q.40 Bd . E0 B 080 0.70 [l C.50 [ 0.90 |
NEAPS ErodiBifity Fradtion "

NAAPS model

Land use mask +

Erodibility map derived from TOMS
Satellite Al climatology

ECMWFGEMS model

Background albedo in the ultraviotetsible

part of the shortwave spectrum. Only albedos
with values between 0.09 and 0.54, assumed tc
be representative of lightolored soil and

sparse vegetation are plotted.
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Dustforecasting models: Emission scheme

- Complex physical process involving entrainment of soil particles by the surface winds.

- Creep or rolling motion of the
largest particles (> 500 um)

- Saltation or horizontal motion of
large soil grains (sand) (&BDOum)

- Suspension of dust
(after sandblasting

or saltation bombardment)
(0.2-50 um)

Movie from the COMEProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericdResearclfUCAR)
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Dustforecasting models: Emission scheme

o’ L
! °
o
. Rt
, s
g 2 Suspension
Q o/
|
o / 2T
; Pl o
¢ F
' ,’l al
i
i Jf A
— /
= ¢/ Wlnd
(1f -—-
aif . A
1, A ¥
/
Surfoce creep

__—_’N\

Scheme of the major wind erosion processes with saltation, creeping and
suspension (due to sandblasting) in dependency of wind speed.

Extracted www.extension.purdu.edu/extmedia/AY/AX1L.html
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Dustforecasting models: Emission scheme

Simpleschemes c. dimensionalkcaledependentconstant
proportinality
Formulation of vertical dust ﬂU)F][ f: relative surfaceareaof eachsoil particle

fraction (whichincludesde sourcefunction, @)
u. friction velocity

*t u.: thresholdfriction velocity
P: polinomialof degreen

F=cOf &P(u,u,,) if u >u

Uno etal. (2001) %, : :
CFORS Fow o 0
LiuandWestphal (2001) .

COAMPS P @ fo o
LiuandWestphal (2001) o~
COAMPS F Qe
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Dustforecasting models: Emission scheme

a) \ b) A
Z ; Z
Duststorm generationrequires " '_,.-"
w Highwind Y
w Windshearandturbulence .
w Unstableboundarylayer éﬂf,;ffi'-'@-n..__u N :
...... ~ o, : . s . nﬁ_n*

(a) Conventional view of dust emission via saltation bombardment; (b) Illustration of convective turbulent dust emission.
Extracted from Shao (200¢

200—

— MB

— - Shao /1.65e-4/
--  Shao /3e-4/
---- Shao /5e-4/

Frictionvelocity isthe parameterusedby
dustmodelssinceit expressesvind
speed turbulenceandstability

1501

hY
100

saltation range

Thresholdfriction velocityvsparticleradius h

501

Threshold friction velocity [cm/s]

0 ! .
10° 10! 10° 10°
:arcelona Particle diameter [um]
upercomputing
Center Darmenoveet al., 2009
Centro Nacional de Supercomputacion



Dustforecasting models: Emission scheme

~~~~~
fTurbulcnt diffusion <*+—

-

Trapped particles 2

l’ \\
Soil texture Dust emission \

.
& surface crust

" Saltation - .-

Ny igad
-

v o
o
A
A

Soll mmmm e

Extracted from Shao (2008)

w Threshold friction velocity u,, is defined as the velocity above which soil particles
begin to move in saltation flux

w Depends orsoil grain size, soil moisturand roughnesamong others

Barcelona
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Dustforecasting models: Emission scheme

Simpleschemes

Limitations

A Oversimplifiedohysical representation of dust emission.

A Normalizationconstant C is ndtnown

A Erodiblefraction is prescribed for predefined dust sources

A Thresholdfriction velocity is usually a fixed value (no dependence on the
land surface propertigs

A Assuming constant threshold friction velocity will introduce bias in the
modelling of the timing and intensity of dust events.

A The prescribed constant is model dependent and can result in large
discrepancies in calculated dust loadings between differembdels.
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Dustforecasting models: Emission scheme

Physically based schemes

A —— T ———

Vertical flux

! I
| :
| ! .
: ( Vertical flux ‘ ( Vertical flux : : Vertical flux [ Vertical flux ) :

Energy-based model Volume-removal model ' Energy-based model : : - '
| . Beroame |
| Shao et al. 199 Shao, 2004: Lu and Shao, 1999 P Alfaro and Gomes, 2001 e ] |
1N b P 4N 4
: 4 A | : r -~ I
- I R S S e !

Horizontal flux
p

I

I

I

I Horizontal (saltation) flux ( Horizontal (saltation) flux
: (Owen. 1964) (White. 1979)

I

I

I

\_ Friction velocity, soil size distribution | Friction velocity, soil size distribution

. Threshold friction velocity
L Threshold friction \

Threshold friction l

|

I
[ elocity Moisture correction : : Moisture correction - :
, Feecky s 1) (Shao et al. 1996) L (Fecan et al. 1999) velocity u,, (D) |
i A Volumetric so1l moisture : | Gravimetric soil motsture, clay % t‘ :
| 1| I 1
l = [ __ I
! Smooth surface u, (D) ) Drag partition 41 Drag partition r Smooth surface u, (D) :
| {Shao and Lu, 2000) ) (Shao et al. 1996) : : (MBIQS!S_, MB1997) (Marticorena ans Bergametti, 1995) I
: Air density, soil particle density ) Vegetation fraction, roughness | Smooth roughness, surface L Air density, soil particle density :
i densities . roughness :
I

Physicallybaseddust emission schemesmploy different parameterizations of the
related physical processes, as well as require different input data.
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Dustforecasting models: Emission scheme

Parent soil size distributiomre used to calculateorizontal flux (H).
Dusthorizontal concentrationis calculated distributing theertical flux (F)of
the first two parent soil categoriegclay and silt) over thenodel particle bins.

Parameterizations of mass size distribution of the model at sources

Modal Sectorial
Fine particles<1pm Coarse particles > 1 um 19 Source distributions
I v - ’ - D'Almeida (1987)
ol o Condensation Mechanical process —Gomes et al. (1990)
o | Carbonaceous aerosbls ” A 14 :
S| i 2
t : 1 ‘\ g -
a8 ' / ! H 1 © g 0.8
% | N PN ¥ =
g | Nucleation b ] "\ N compounds g 20,6
2 . @ 8
i ' " )
! 2 Eo4
21 a’“s\ o
N
: Coarse 0,2 -
i ,/ -
L/ .
] R | | |
0.01 0.10 1.00 10.00
0.15 0.25 045 0.78 13 22 38 7.1

Diameter of particle (um) '
reff (mm)

8 hin sizedistribution from

Barcelona . .
@ Conter Tegenand Lacis(1996) 45
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Dustforecasting models

Dust modelssimulate the atmospheric dust cycle amyolves a variety of processes:

C C C C a C. 0 auC_ o apC, o

S S k_(W_ng)U "-E)(KHE)CK)-iaeKZu SR | 8

pt KX 24 Kz HZ ¢ MZ =] ¢ HU +souree || ¢ MU +gn
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection advection & diffusion diffusion deposition

gravitational

settling A
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Dustforecasting models: Dispersion

Movie from the COMETProgramat http://meted.ucar.edu/ ofthe UniversityCorporationfor AtmosphericResearctf{UCAR)
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Dustforecasting models: Dispersion

-{ 1.5 km
Unstable
Environment —

0 \

Wind Direction 20

g 30km=><g

~3 km

.{ 1.5 km
Stable =
Environment
0 —

~3 km
Wind Direction 20

e 30km =><

©The COMET Program
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Dustforecasting models

Dust modelssimulate the atmospheric dust cycle amyolves a variety of processes:

UCk - 'u“Ck } VUCk 1 (W_ ng)uCk [ J‘E)(KHJDCK)' lé(z UCkg"' GEaUCkg i Geau_Ckg
pt KX 24 Kz HZ ¢ MZ =] ¢ HU +souree || ¢ MU +gn
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection advection & diffusion diffusion deposition
gravitational
settling
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Dustforecasting models: Advection and diffusion

Movie from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)
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Dustforecasting models

Dustmodelssimulatethe atmospheriadust cycleandinvolves a variety of processes:

UCk - 'u“Ck } VUCk 1 (W_ ng)uCk [ J‘E)(KHJDCK)' lé(z UCkg"' GEaUCkg i Geau_Ckg
pt KX 24 Kz HZ ¢ MZ =] ¢ HU +souree || ¢ MU +gn
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection advection& diffusion diffusion deposition
gravitational
settling

P P
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Dustforecasting modelsSedimentation anddry deposition scheme

Sedimentation and dry deposition

Movie from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)
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Dustforecasting modelsSedimentation and drydeposition scheme

10
— Total dry deposition
T |— Gravitational settling
1 x
wind speed 10 m s-1 /
<, T
Orl E3
0’01 EE\
after Slinn and Slinn model
T (Atmos. Environ., 1980)
0,001 t -+ t —— t +————+

0,1 1 10 100
Dust particle diameter, um

Deposition velocity on seawater,
m

A Drydepositiondependson the variety of factorssuchasmeteorological
conditionsnearthe surface physicochemicgbropertiesof mineraldust
andthe nature of the surfaceitself.

A Sedimentation(or gravitationalsettling) is the settling of particles fall
down due to gravity Very large particles will settle out quickly
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Dustforecasting models: Dry deposition scheme

Dry depositionvelocity isrepresentedas 3resistancesn seriegarallelto a
secondpathway- gravitationalsettling velocity.

- Aerodynamiaesistanceo transfer (,)
- Quasilaminarsurfacelayerresistancqr,)
- Resistancé¢o surfaceuptake(r,)
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Quasi-laminar sublayer .

) — -

" Settling, rowninn_diffusion, impaction, intercegtion

Adopted after Shao, 2000



Dustforecasting models

Dust modelssimulate the atmospheric dust cycle amyolves a variety of processes:

UCk - 'u“Ck } VUCk 1 (W_ ng)uCk [ J‘E)(KHJDCK)' lé(z UCkg"' GEaUCkg i Geau_Ckg
pt KX 24 Kz HZ ¢ MZ =] ¢ HU +souree || ¢ MU +gn
Horizontal Vertical Horizontal Vertical Dust emission Wet and dry
advection advection & diffusion diffusion deposition
gravitational
settling

P
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Dustforecasting models: Wet deposition scheme

Wet scavenging

©The COMET Program

Image from the COMET program at http://meted.ucar.edu/ of the
University Corporation for Atmospheric Research (UCAR)

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion




Dustforecasting models: Wet deposition scheme

In-cloud scavenging:
- nucleation scavengingy activation and growth of particles

to cloud droplets
- collectionof a nonractivated fraction of particles by
coagulation with cloud and rain droplets

Below-cloud scavenging:
Collection by falling raindrops of particles under their collision.

Decrease rate of the aerosol concentration duenvet scavengingn a layer with uniform
concentration can be described by a fister equation:

Thescavenging coefficient (@epends on:

9C w GKS LI NILAOES aAalsS yR az2f
— ==AC w GKS O2tfSOG2NR aAl S RAAGH
ot w LINBOALAGEFOAZ2Y NIXYGS | YR LI
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Dustforecasting models: Wet deposition scheme

Existing problems

A Rainout:The soluble fraction of dust is not well known, so assigned
scavenging efficiencies do n@aflect regionakpecifics of dust properties
and their dynamics (i.e., mineralogical composition, aging) etc

A Washout Problems irmodellingof clouds and precipitation remain a

long-standing issue. Precipitatiaates duringviolent convective rains are
often underpredicted

A Dryversus wet depositionThe relative importance of dry or wet

deposition processes differs regionadiyd depend®n the
meteorological conditions and used parameterizations.
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Malin differences betweerdust models

1.
2.
3.
4.
.
6.
7.
8.
9

Atmospheridriver
Meteorologicalinputfiles IBC
Emissiorscheme
Geographianformationdatabase
Land-surfacescheme
Drydepositionscheme
Wetdepositioonscheme
Spatietemporalresolution
Dataassimilation

10.X &
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entro Nacional de Supercomputacion


http://www.nrlmry.navy.mil/aerosol/icap.1087.php
http://www.nrlmry.navy.mil/aerosol/icap.1087.php

Dust forecastingnodels

Experimentalcampaigns BODEX 2009 ¢ddet al. 2008, JGR)
First regional model intercomparison in the Bodélé hot spot

o
T}
5}
o
»
o
=
=
S
o
6 1 — -RegCM3 R
— = —-LM-MUSCAT S\
4 A MNH
- - 'RAMS
24 DREAM
Observed
0 T T T T T T T
e R N R N R - B N S R S I I SIS
S E E E E E E E 8 E E E E E E E 8 E E E E E E E
S = L L s L s L L = s e e s e s R < == e [ i B B |
s 8 8 8 84 8 38 8 a9 88 8 & 8 ¥ s g &8 8 9 & ¥ d
© © o © © ©
S = S
— - -

Strongdifferencesbetweenmodeld!!! - Meteorology andemissionscheme
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Earth Sciences Department: Mineral Dust Modelling

"r.’ e SR el
COMPUTER
SCIENCES

({ Dust dally forecast:
I BSEDREAMS8Db
http://www.bsc.es/projects/earthscience/BSIREAN
I NMMB/BSCDust:

http://www.bsc.es/projects/earthscience/NMMBSEDUST

I Mineral dust database Files download
http:// www.bsc.es/earthsciences/mineratlust/catalogedatos-dust/
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Dustforecasting modelsThe BSIOREAMS8b v2.0

A Dailyforecastsin 2 domains

T North AfricaMiddle EastEurope(0.3°x 0.3°)
T East AsiaQ(5°x 0.5°) ANearrealtime evaluation

Alncludedin the CALIOPE A€ystem

ADustforecastevaluationstudies

1 Singleeventsin the Mediterranean
(e.g, Papayannigt al., 2005;
Pérezet al.,2006)

1 Experimentatampaignsn source
regions
1 BoDEXO0O05 {Toddet al., 2008)

A Main fealltures. S T SAMUM 2006Hausteinet al.,
1 8 particle size bin distribution (0-1.0 nm) 2009)

A Latest developments (version 2Basartet al. Mediterraneanand Middle East
2012a) (Payet al.,2011;Basartet al.,

1 Updated dry deposition
T Inclusion of a preferential source mask

@glf;mg http://www.bsc.es/projects/earthscience/BSC-DREAM/

Centro Nacional de Supercomputacion

2012b)
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Dustforecasting modelsThe BSIOREAMS8b v2.0

MSG/RGB

BSC—DREAM8b Dust Loading (g/m~2) and 3000m Wind
Oh forecast for 12UTC 28 APR 12
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Inclusionof newsatellite aerosolproducts OMI, CALIPS@ndMISR
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Dustforecasting models: DREAM aidS5CDREAMS8Db

&

Study Region

Annual (2004)
Annual (2004)

North Africa-Middle
East-Europe

Western Mediterranean

Spain

Portugal
Italy

Eastern Mediterranean

Greece

Central Europe
Georgia

Sub-Tropical Eastern
North Atlantic

North-Central Africa

Morocco

]
-y
1]
(1]
]
(<)
3
Q

Supercomputing
Center
Centro Nacional de Supercomputacion

Basart el al. (2009)
Basart et al. (2012b)

Papayannis et al. (2008)
Pay et al. (2010)
Basart et al. (2012a)

Pérez et al. (2006a)
Pérez et al. (2006b)

Jiménez-Guerrero et al. (2008)
Pay et al. (2012)
Borrego et al. (2011)

Kishcha et al. (2007)

Balis et al. (2006)
Papayannis et al. (2009)
Amiridis et al. (2009)
Papanastasiou et al. (2010)
Klein et al. (2010)

Kokkalis et al. (2012)
Alonso-Pérez et al. (2011)
Todd et al. (2009)

Haustein et al. (2009)

BSC-DREAMS8b
BSC-DREAMS8b

DREAM
BSC-DREAMS8b
BSC-DREAM8b

BSC-DREAMS8b
BSC-DREAMS8b

DREAM
BSC-DREAMS8b
BSC-DREAMS8b

DREAM
DREAM
DREAM
BSC-DREAMS8b
BSC-DREAMS8b
BSC-DREAMS8b

BSC-DREAMS8b

DREAM

BSC-DREAMS8b

BSC-DREAMS8b

Long-term (2000-2002)

Annual (2004)

Annual (2004)
Dust event (April 2002)
Dust event (June 2002)

Dust event (June-July 2006)

Annual (2004)
Annual (2010)

Long-term (2001-2003)

Dust event (August-September 2003)

Long-term (2004-2006)
Dust event (May 2008)
Long-term (2001-2007)
Dust event (May-June 2008)

Dust event (May 2009)
Long-term (1958-2006)

Dust event (BodEx, March 2005)

Dust event (SAMUM, May-June 2006)

64



Dustforecasting modelsBSC dust forecasting models

Historicalevolution NMMB/BSC-Dust

- Physically-based emission scheme
- Improved transport and 6 !
deposition

BSC-DREAMS8b

- Radiative feedbacks Q

8 bins size distribution
1 km USGS land use data set

DREAM @
I 9
NMMB
Dust
Regional Parallel
g / Hydrostatic/Non-hydrostactic
models;’ Regional/global scales
/ a
Eta
NWP
Sequential
models / Hydrostatic
" Regional scales
® (J ® ()
1990 2001 2006 2011

http:// www.bsc.es/earthrsciences/mineraddust/



TheNMMB/BSCCTM Project

TheNon-hydrostaticMultiscaleModel (NMMB) :

A Underdevelopment at NCEBdnji¢ 2005;Janjicand Black, 2007) as evolution
of the WRFNMM model

A Developed within the Earth System Modeling Framework (ESMF)

A ArakawaB grid and regular (global) or rotated (regioratjlon coordinate

A NMMB is the regional operational meteorological model in NCEP since Octc
2011.

A Unified model for a broad range of spatial and temporal scales

Multiscale (global to regional) antlonhydrostatic(up to 1kn# lat-lon resolution)
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NMMB/BSCChemical Transporlodel
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The NMMB/BS€Dust model

DAILY OPERATIONAL DUST FORECAST AT BSC
http:// www.bsc.es/earth.sciences/INMMBBSEDUST/

NMMB/BSC-Dust Dust Load (/w?® b and 700 hPa Wind NMMBfBSC-Dust Dust Load (/m* ) and 700 hPa Wind
T2h farecast for 12UTC 28 May 2014 00h forecast for DOUTC 26 May 2014
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NRT Evaluation

NMMB/BSC-Dust Dust Load (g/m® ) and 700 hPa Wind
00h forecast for 12UTC 24 May 2014
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NMMB/BSCCTM collaborations
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- Mineral dust forecastsfor SDSWAS NorthAfrica,

Middle East andeuropeRegional Centeactivies
http://sds-was.aemet.es/

- ThelCAPRglobalmodelintercomparisonproject
http://www.nrimry.navy.mil/aerosol/icap.1087.php

- TheCharmexChemistryAerosolMediterranean
experiment

- The AQMEII onrline Air Quality model
Intercomparisonproject
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