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Outline of the session

 Global and regional models

 Spatiotemporal scales

 Forecast lead times

 Dust conservation equation

 Dust emission modeling

 (advection, diffusion, deposition)



What is a dust model and why we need it?



Global and regional modeling



Global model



Regional model



Dust models at BSC based on MONARCH

BSC dust operational forecast (global and regional domains)

Regional
WMO Barcelona Dust Forecast Center. 
First specialized WMO Center for mineral dust prediction. 
http://dust.aemet.es

Global 

Contribution to the ICAP multi-model ensemble 
(global) http://icap.atmos.und.edu

http://icap.atmos.und.edu/


Dust models

Dust models are a mathematical representation of atmospheric dust cycle.

▪ Dust emission from dry
unvegetable surfaces
(dust sources)

▪ Mid- and long-range
transport

▪ Sedimentation, wet and 
dry deposition



Models´spatiotemporal scales



Forecasting lead times



Forecasting lead times



A piece of dust modeling history



General structure of a dust forecast model



Dust conservation (continuity) equation

In terms of mixing ratio

In terms of concentration



Bin/sectional or modal representation



Dust emission

Horizontal and vertical fluxes 

The ratio of  vertical to horizontal flux defines the 
sandblasting efficiency (=F/G)

SALTATION
=

Horizontal flux

SANDBLASTING
=

Vertical flux



Parameterization of saltation fluxes
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General expression (i.e. White, 1979)

Complete expressions (Marticorena et Bergametti, 1995) including :
-the size and roughness dependence of the threshold wind friction velocity
- the relative contribution of the different soil grain sizes
- the fraction of erodible surface €



Different options for saltation



Friction velocity

Stability correction: 



Threshold friction velocity: influence of particle size



Threshold friction velocity: influence of soil moisture

(Fecan et al. 1999)
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A parameterisation that perfoms well in the field
(Ishisuka et al. 2005)

Threshold friction velocity: influence of soil moisture



Threshold friction velocity: influence of roughness

Marticorena et al. 1997
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Roughness dependent threshold wind friction velocities

Good agreement for relatively low roughness density
and solid obstacle

Threshold friction velocity: influence of roughness



Saltation as a size-segregating process
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Sandblasting and vertical fluxes

 Conceptual understanding of sandblasting

Kinetic energy provided

by the saltating particles
Binding energy

of the dust particles

 Physical parameterizations

- Lu and Shao (2001)

 = f(p) ; p: plastic flow pressure = soil hardness

- Alfaro et al. (1996;1998)

 = f(ed) ; Cohesion energy of the particles

- Shao et al. (2004)

 = f(p; soil pdf) ; undisturbed and fully disturbed pdf

- Kok (2011a, 2011b)

 = f(soil texture) ; fragmentation theory

 Empirical parameterization
- Marticorena and Bergametti (1995)  :  = f(%clay)



Simulated vertical mass fluxes

The orders of magnitude of the dust mass fluxes 
are reasonably well reproduced

(Shao, 2001; data from Gillette, 1979)



Emitted dust PSD

Alfaro et al. – Dust Production Model
• Three lognormal modes
• Bonding energy of aggregates
• Kinetic energy of saltators
• PSD depend on wind (based on wind tunnel)

Kok model (brittle fragmentation theory - BFT)
• Following the physics of brittle materials
• Emitted PSD up to ~ 12 m independent of both the 

undisturbed soil PSD and the wind speed
• Dispersed soil PSD and the side crack propagation 

length () assumed constant

Shao model
• Weighted average between disturbed and undisturbed PSD
• Weighting factor ~ 2 empirical coeffs and wind
• PSD depends on wind (based on wind tunnel
• Revised version in 2011 based on measurements



Regional dust emission modeling

EROSION 
THRESHOLD

SALTATION

SANDBLASTING

PROCESS
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Regional dust emission modeling
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Regional dust emission modeling
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Specific parameters not available in 
distributed data sets : soil maps, land-
use maps, atmospheric model inputs ..

Provided by global or regional
meteorological and/or climate models

INPUT DATA

Regional dust emission modeling



Surface roughness and soil mapping

A geomorphologic approach
IGN topographic map

(Callot et al, 2000)

Manual file production

A time  consuming approach whose reliability depends on the  
quantity and quality of available initial maps/information

Aerodynamic roughness map

(cm)

Regional dust emission modeling



Roughness mapping by radar measurements
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 High resolution (~10m) mapping for local applications
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Regional dust emission modeling



Roughness mapping with POLDER BRDF
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Empirical relationshipProtrusion coefficient (*) from POLDER-1 

(Marticorena et al.,  2004; 2006)

*(Roujean et al., 1992]

 Medium resolution mapping for regional applications

Threshold wind
velocities
(at 10m)

Regional dust emission modeling



Regional dust emission modeling
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- Roughness maps derived from remote
sensing
- Soil characteristics derived from
geomorphological interpretations
and/or in-situ sampling

INPUT DATA

Provided by global or regional
meteorological and/or climate models

Regional dust emission modeling



Soil texture

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]

Parent soil size distribution



Erodible fraction

)SnowCover1)·(VEGFRAC1·(PREF·USGS −−=d

USGS landuse dataset [0-1]

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]

Dust source function: the NMMb/BSC-Dust model



Effects of erodible fraction on results



Effects of erodible fraction on results



Effects of erodible fraction on results



Effects of erodible fraction on results



Effects of erodible fraction on results



Effects of erodible fraction on results



Effects of erodible fraction on results



Effects of erodible fraction on results



Advection

1D example



Advection

Upwind scheme (with numerical diffusion)



Advection



Diffusion



Diffusion



Diffusion

Here’s a visual showing how the shape of the 
concentration profile affects diffusion:
1.Flat Line:

1. No slope, no curvature → no movement. 
Everything is in balance.

2.Linear Gradient:
1. Constant slope, but no curvature → still no 

diffusion. The rate of change is the same 
everywhere.

3.Curved Bump:
1. Here’s where it gets interesting:

1. In the middle (the bump), dust is high → it 
spreads outward.

2. On the sides (the dips), dust is low → dust 
flows in.

2. This movement is caused by the second 
derivative (curvature).

So: Diffusion occurs when the curvature isn’t zero, and 
that's why the second derivative drives the process!



Diffusion

Here’s the visual showing both the concentration 
profile (the bump) and its second derivative:
•The bump is highest in the middle and tapers off 
to the sides.
•The second derivative:

• Is negative at the top of the bump → this 
means concentration is curving 
downward → dust flows outward.

• Is positive in the dips → the curve is 
curving upward → dust flows inward.

This second derivative determines where and 
how fast dust will diffuse — it’s the mathematical 
way to measure the "push" or "pull" caused by 
local shape.



Diffusion 



Diffusion and advection



Dust settling (sedimentation)

What Controls How Fast Dust Settles?
1. Gravity
 The main force pulling dust downward.
2. Air Resistance
 As dust falls, it pushes through air.
 The air pushes back → this is drag.
 The result is a terminal (settling) velocity — the constant 

speed a particle falls at when gravity and drag are balanced.
3. Particle Size
 Large particles fall quickly (seconds to minutes).
 Small particles can stay suspended for days or even weeks, 

especially in the upper atmosphere.
4. Air Turbulence
 Wind gusts and turbulence can keep particles suspended 

longer.
 In calm air, dust settles faster.



Dust settling (sedimentation)

Note that the effect of 
Turbulence is solved separately in the vertical 
diffusion term



Dry deposition

Dry deposition is how dust (and other aerosols 
or gases) settles onto the ground in the 
absence of rain. It’s driven by:

Gravity

Turbulence

Surface interaction (sticking, bouncing, etc.)



Dry deposition



Dry deposition



Wet scavenging (deposition) 



Wet scavenging (deposition) 



In-cloud scavenging



Below cloud scavenging
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