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Complexity of dust cycle



How do we model ?

• Mathematical representation of processes that affect air pollution.
• Requires a system of models to simulate: the emissions, transport (adv. 

& diff.), chemical transformation (gas, aerosol, aq. phase), and removal
(wet & dry deposition) of air pollution. 

Menut & Bessagnet, 2010 

Modelling system flowchart

Numerical Deterministic

observations

Evaluation

Model evaluation
• Determining the suitability of a 

model for a specific application & 
configuration.

• Distinguishing the performance 
among different  models or 
different versions of the same 
model.

• Guiding model improvement.
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Dust models



http://www.wmo.int/sdswas; http://sds-was.aemet.es/





















Meteosat Second Generation SeaWIFSLidars - EARLINET AERONET - ONLINE

Dust forecast evaluation

Model has shown good agreement with observations in a number of studies of single events (e.g., 
Ansmann et al., 2003, Papayannis et al., 2005; Balis et al., 2006; Pérez et al., 2006a;b; Jiménez et al,

2006 ….)



NRT evaluation



BSC-DREAM8b assessment

● BSC-DREAM8b validation activites
à SAMUM-I comparison [Haustein et al., 2009]

à BoDEx intercomparison
[Todd et al., 2008]

à AERONET comparison
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BSC/DREAM

Ongoing evaluation (Basart et al 2009)
Full year 2004 valiadation of BSC-DREAM8b versus AERONET



Previous work: NMMB/BSC-DUST
● Eta/DREAM model [Nickovic et al., 2001]

● Eta/BSC-DREAM8b regional dust forecast model [Pérez et al., 2006]
http://www.bsc.es/projects/earthscience/DREAM

● NMMB introduction
● The NCEP-ETA weather forecast model is replaced by a state-of-the-art 

regional/global model with improved dynamics and physics:

à NCEP-NMMb
[Janjic, 2005, 
2007, 2009]

• Global dust forecasts up to7 days at sub-synoptic resolutions:

à NMMb/BSC-DUST
[Pérez et al., 2008, 2011;
Haustein et al., 2009, 2011]

• Under development at NCEP as evolution of the ETA model
• Unified model with regional and global domain (embedded in ESMF architecture)
• Arakawa B grid and pressure-sigma hybrid coordinate [Arakawa and Lamb, 1977]
• NMMB regional will become the next-generation NCEP mesoscale model for

operational weather forecasting in 2010

• Implementation of all common on-line dust modules for global simulations
• Nested regional domains at very high resolution will be available
• The current DREAM dust emission scheme is upgraded to a physically based      

scheme à explicitly accounting for saltation and sandblasting
• New high resolution database for soil textures and vegetation fraction is included



RUN DYNAMICS RUN PHYSICS

Coupler DYN-PHYS
Dynamics export

T, U, V, Q, CW, Q2, OMGALF

Coupler DYN-PHYS
Physics Export

T, U, V, Q, CW, Q2

ATM

Structure of NMMb using Earth System Modeling Framework (ESMF)



RUN DYN
(DUST, CHEM
hadv,vadv and hdiff)

RUN PHYS
(Dust 
Emission, vdiff, deposition,
chem emission, vdiff,
photolysis, 
chemical mechanism,
deposition)

Coupler DYN-PHYS
Dynamics export

T, U, V, Q, CW, Q2, OMGALF, 
DUST, CHEM

Coupler DYN-PHYS
Physics Export

T, U, V, Q, CW, Q2, 
DUST, CHEM

ATM

NMMb/BSC-DUST-CHEM using Earth System Modeling Framework (ESMF)

DUST and gas-phase CHEM modules fully embeded within the atmospheric driver



NMMB/BSC-DUST

● NMMB/BSC-DUST emission scheme

à Threshold friction velocity [Bagnold, 1941; Iversen and White, 1982; Marticorena and Bergametti, 1995]

à Horizontal flux [White, 1979]

à Vertical flux [Shao et al., 1993; Marticorena and Bergametti, 1995; Tegen et al., 2002]

à Viscous sublayer effects near the surface [Janjic, 2001]

DREAM:
NMMB-
DUST:

DREAM: NMMB-DUST :
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NMMB/BSC-DUST

● NMMB/BSC-DUST deposition scheme

à Threshold friction velocity [Bagnold, 1941; Iversen and White, 1982; Marticorena and Bergametti, 1995]

à Horizontal flux [White, 1979]

à Vertical flux [Shao et al., 1993; Marticorena and Bergametti, 1995; Tegen et al., 2002]

à Viscous sublayer effects near the surface [Janjic, 2001]

à Turbulent deposition [Giorgi, 1986]

à Gravitational settling [Giorgi, 1986]

à Grid scale precipitation [Slinn, 1983; 1984]

à Convective precipitation [Loosmore and Cederwall, 2004]
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In-cloud scavenging and Below-cloud 
scavenging (Ferrier microphysics for grid scale 
and BMJ microphysics for convection)

NMMB-DUST:

Brownian diffusion, interception, impaction is considered



● NMMB DUST parent soil size distribution

Silt 2-50 μmClay 0-2 μm

Fine/medium sand 50-500 μm Coarse sand 500-1000 μm

Four top soil texture classes according STASGO-FAO 1km database are converted to 4 parent soil size categories following Tegen et al. [2002]
They are used to calculate horizontal flux
Dust horizontal concentration is calculated distributing the vertical flux of the first two parent soil categories over the 8 model particle bins

NMMB/BSC-DUST



NMMB/BSC-DUST

● NMMB DUST source function

)1)·(1·(· SnowCoverVEGFRACPREFUSGS --=d

USGS landuse dataset [0-1]

USGS.Preferential sources [0-1]

NESDIS vegetation fraction [0-1]

Source function δ [0-1]

1km dataset with 94 landuse categories
0.144 degree monthly 5-yr climatology

[Ginoux et al., 2001]



● 128 CPUs

● 256 CPUs

● 512 CPUs

Computational time

NMMB/BSC-DUST traces @ MareNostrum (REGIONAL)

Iberian Peninsula 4km



NMMB/BSC-DUST

● NMMB model setup à define the simulation characteristics

à Global domain
à 1º x 1º NCEP analysis meteorology data updated every 24 hours
à Non-hydrostatic physics
à 1/2º x 1/2º model grid resolution
à 64 vertical (sigma) layers
à Dust cold start period of 3 days
à SAMUM period in May 2006
à No wet deposition in this simulation

à All results are preliminary!
BSC - Mare Nostrum



NMMb/BSC-Dust
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NMMB/BSC-DUST

● NMMB results II

MSG dust image
20-05-06 12z



NMMB/BSC-DUST

● NMMB results III
BSC-DREAM8b NMMB/BSC-DUST OMI AI

comparison dust AOD 550nm & OMI aerosol index

SeaWiFS image
19-05-06 00z

DREAM

Moist convective event 
no captured by models

MODIS AOD 
20-05-06



NMMB/BSC-DUST

● NMMB results IV

- very pronounced diurnal dust cycle
- noticable variations in case of dust events

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

5/16/06 0:00 5/17/06 0:00 5/18/06 0:00 5/19/06 0:00 5/20/06 0:00 5/21/06 0:00 5/22/06 0:00 5/23/06 0:00

AOD550 DREAM4
AOD550 DREAM8
AOD550 UMO
AOD500 Aeronet

19-05-06 11z Ouarzazate area

1000

2000

3000

4000

5000

6000

7000

0 50 100 150 200

Extinction coefficient [1/Mm]

H
ei

gh
t [

m
]

EXT DREAM 4

EXT DREAM 8

EXT UMO

EXT HRSL

EXT BERTHA

EXT UMO 15z

EXT DREAM 8 15z



NMMb/BSC-DUST
(Pérez et al., 2008; Haustein et al., 2009)

● NMMb/BSC-DUST results 

BSC-DREAM8b operational NMMB-DUSTDREAM
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Global dust simulations with NMM/BSC-Dust
11-25 May 2006: Samum campaign period

0.3333 deg meridionally (37 km) 
64 vertical levels resolution, comparable 
to operational GFS resolution



Simulation:
● Global simulation for year 2006
● 0.7º x 0.5º x 40 vertical levels
● Cold start without data assimilation
● Initial conditions from NCEP analysis 1x1º. Meteorological fields updated 

with NCEP every 24 hours.

Aeronet validation:
● Aeronet data here is Coarse AOD (mainly dust over dust affected 

stations)
● We validate daily averages

Full year 2006 simulation







● CALIOPE daily experimental forecast and verification

● BSC-DREAM8b daily forecast and verification

BSC air quality modelling activites

North Africa/Mediterranean - 1/3 x 1/3 degree resolution
Asia domain - 1/2 x 1/2 degree resolution

à http://www.bsc.es/projects/earthscience/DREAM

ü Daily experimental forecasts for meteorology and air quality (12 km for Europe and 4 km for the 
Iberian Peninsula) (http://www.bsc.es/caliope). 

http://www.bsc.es/caliope


Spatial distribution of PM10 2004 monthly composition (µg/m3) 
in the location of CSIC-IJA stations
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Spatial distribution in 2004 Winter (DJF)

SO42-

NH4+

NO3-

OC+EC

BSC-ES/AQM ARW3.0+HERMES+CMAQv4.5 (µg/m3) - Iberian Peninsula Res: 4 km x 4 km
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