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Dust forecast and daily 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 ….)



BSC-DREAM8b assessment

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

 BoDEx intercomparison
[Todd et al., 2008]

 AERONET comparison
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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:

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

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

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

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



Unified nonhydrostatic dynamical core (list of features is not exhaustive)
Wide range of spatial and temporal scales (from meso to global)

 Regional and global domains (just a simple switch)

 Evolutionary approach,built on NWP experience by relaxing hydrostatic approximation (instead of
extending cloud models to large scales; Janjicet al., 2001, MWR; Janjic, 2003, MAP)

 Applicability of the model extended to nonhydrostatic motions
 Favorable features of the hydrostatic formulation preserved

 The nonhydrostatic option as an add–on nonhydrostatic module

 No problems with weak stability on mesoscales

 Conservation of important properties of the continuous system (Arakawa, 1966, 1972, …; Janjic, 
1977, …; Sadourny, 1968; aka “mimetic”approach in Comp. Math)

Arakawa B grid (in contrast to the WRF-NMM E grid)

Pressure-sigma hybrid (Arakawa and Lamb, 1977)

NMMb – Nonhydrostatic Multiscale Model – Main characteristics
Under development at NCEP (Janjic, 2005; Janjic, 2007; Janjic, 2009)



 Adams-Bashforthfor horizontal advection of u, v, T and Coriolis force

 Crank-Nicholson for vertical advection of u, v, T (implicit)

 Forward-Backward (Ames, 1968; Janjicand Wiin-Nielsen, 1977; Janjic1979, Beitrage) for fast waves

 Implicit for vertically propagating sound waves (Janjicet al., 2001, MWR; Janjic, 2003, MAP)

 Improved tracer advection: Eulerian, positive definite, mass conservative and monotonic

 A variety of physical parameterization schemes from WRF modeling system will be available

 NMMb regional will become the next-generation NCEP mesoscale model for operational weather 
forecasting in 2010

NMMb – Nonhydrostatic Multiscale Model – Dynamics
Under development at NCEP (Janjic, 2005; Janjic, 2007; Janjic, 2009)



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

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

 Horizontal flux [White, 1979]

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

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

DREAM:
NMMB-
DUST:

DREAM: NMMB-DUST :

 




























i
i

totaltotalair s
u

u
u

uu
g

G ·1·1·· 2
*

2
*

*

*3
*


si=relative surface area

of each soil fraction

DREAM: NMMB-DUST: GcFS ··· 









*

2
*3

* 1···
u

uucF total
DREAMS  )( ** totaluu 

Implicit in vertical flux

α=sandblasting efficiency
δ=new source function

)(·
),(

)(
),,(

00

*
0* wH

zzR
Du

wzDu
S

MB
dry

total )()·(),( ** wHDuwDu drytotal  H=Moisture correction
R=Drag partition correction



NMMB/BSC-DUST

● NMMB/BSC-DUST deposition scheme

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

 Horizontal flux [White, 1979]

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

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

 Turbulent deposition [Giorgi, 1986]

 Gravitational settling [Giorgi, 1986]

 Grid scale precipitation [Slinn, 1983; 1984]

 Convective precipitation [Loosmore and Cederwall, 2004]
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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 

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  define the simulation characteristics

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

 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
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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

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

 Daily experimental forecasts for meteorology and air quality (12 km for Europe and 4 km for the 
Iberian Peninsula) (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)
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