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Dust prediction models



Questions will be welcome!



Dust transport is 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 emission is complex physical
process involving entrainment of 

soil particles by the surface winds.

Dust cycle and associated processes



Dust cycle and associated processes

Natural dust sources globally account for 75% of emissions; anthropogenic sources
account for 25%. 

Global‐scale attribution of anthropogenic and natural dust sources and their emission rates based on 
MODIS Deep Blue aerosol products (extracted from Ginoux et al., 2012)



Synoptic dust storms (large scale weather systems)

• Prefrontal winds
• Postprontal winds
• Large-scale Trade winds
• …

Mesoscale dust storms

• Downslope winds
• Gap flow
• Convection and Haboobs
• Inversion downburst storms
• …

Types of dust storms:

Dust cycle and associated processes



Synoptic dust storms: Pre-frontal

Dust cycle and associated processes



Synoptic dust storms: Post-frontal

Dust cycle and associated processes
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Dust cycle and associated processes

Synoptic dust storms: Large-scale trade winds
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Dust cycle and associated processes

Synoptic dust storms: Large-scale trade winds
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Dust cycle and associated processes

Synoptic dust storms: Large-scale trade winds
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Mesoscale dust storms: Downslope winds

Dust cycle and associated processes
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Mesoscale dust storms: Gap flow

Dust cycle and associated processes



Mesoscale dust storms: Dust devils (convection)

Dust cycle and associated processes

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



Mesoscale dust storms: Haboobs

Dust cycle and associated processes

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



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

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



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

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



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

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



Mesoscale dust storms: Inversion downbursts

Dust cycle and associated processes

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



Synoptic dust storms (large scale weather systems)

Mesoscale dust storms

Dust cycle and associated processes: Types of dust storms

Pre-frontal winds Post-frontal winds Large-scale trade
winds

Downslope winds Gap flow HaboobsConvection & 
Inversion downbursts



 To complement dust-related
observations, filling the temporal
and spatial gaps of the
measurements.

 To help us to understand the dust
processes and their interaction
with climate and ecosystems.

 To predict the impact of dust on
surface level concentrations used
as SHORT-TERM FORECASTING
TOOLS (3-5 days ahead)

Dust forecasting models

Dust models are a mathematical representation of atmospheric dust cycle.

Extracted from Shao (2008)



On-line coupled

Dust forecasting models

ATMOSPHERIC & LAND-SURFACE 
MODEL

Initialization: Optimal analysis; self-nesting
Dynamics: Advection & adjustment, IC/BC
Physics: Diffusion, clouds & surface forcing

Soil moisture & temperature
Surface soil hydrology
Energy & mass fluxes

NUMERICAL 
INTEGRATION

Wind speed, friction
velocity, moisture,
Roughness length, 
vegetation fraction

DUST MODULE
Size resolved dust emission

Dust injection
Dust 4D concentration

DUST MONITORING
Satellite remote sensing

Synoptic network
Lidar network

Dust monitoring station samples

GIS DATA
Dust climate

Surface topography and roughness
Soil type & particle size distribution
Veg. height cover & leaf-area index

Land use
Albedo

DATA ASSIMILATION
Dust initial conditions

Off-line coupled

METEO DATA
T, P, winds, SST, surface

fluxes, soil moisture
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RegCM3

LM-MUSCAT

MNH

RAMS

DREAM

Observed

Experimental campaigns: BODEX 2005 (Todd et al. 2008, JGR)

Strong differences between models!!!! Meteorology and emission scheme

First regional model intercomparison in the Bodélé hot spot

Dust forecasting models
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Dust forecasting models

March 2012, West Asia
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The impact of model resolution in dust propagation in a complex terrain region such as 
West Asia: 19th March 2012

Exp. 0.33º x 0.33º Exp. 0.03º x 0.03º

Basart and Baldasano,  submitted to Aeolian Research

Dust forecasting models

Impact of the topography on dust transport

MODIS/Aqua March 19, 2012
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ES-BSC: Mineral Dust Modelling

Dust daily forecast:

– BSC-DREAM8b 

http://www.bsc.es/projects/earthscience/BSC-DREAM/

– NMMB/BSC-Dust: 

http://www.bsc.es/projects/earthscience/NMMB-BSC-DUST/



OPERATIONAL
http://dust.aemet.es/

RESEARCH 
http://sds-was.aemet.es/

ES-BSC: WMO Dust Centers
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SDS-WAS NA-ME-E RC (http://sds-was.aemet.es/)

FORECAST AND PRODUCTS

• Data exchange

• Joint visualization

• Common forecast evaluation (AERONET and MODIS)

• Generation of multimodel products

• Calculation of monthly evaluation metrics

• New sources of data for model evaluation

• Sharing model output data files

• Time-averaged products

sdswas@aemet.es



SDS-WAS: Dust models
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MODEL RUN TIME DOMAIN
DATA 

ASSIMILATION

BSC-DREAM8b 12 Regional No

CHIMERE 00 Regional No

LMDzT-INCA 00 Global No

MACC 00 Global MODIS AOD

DREAM-NMME-

MACC
12 Regional MACC analysis

NMMB/BSC-Dust 12 Regional No

MetUM 00 Global MODIS AOD

GEOS-5 00 Global
MODIS 

reflectances

NGAC 00 Global No

EMA REG CM4 12 Regional No

DREAMABOL 12 Regional No



AOD at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00

SDS-WAS: AOD joint visualization
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SDS-WAS: Surface concentration joint visualization
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Surface concentration at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00
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SDS-WAS: Generation of multi-model products

AOD at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00

Surface concentration

Model outputs are bi-linearly interpolated to a common 0.5ºx0.5º grid mesh. Then, different multi-model 
products are generated:

CENTRALITY: median - mean

SPREAD: standard deviation – range of variation
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SDS-WAS: Generation of multi-model products

AOD at 550nm

from 1-Oct-2015 12:00 to 3-Oct-2015 00:00

SDS-WAS ICAP

SDS-WAS and ICAP multi-model products



New sources of data for model evaluation

 Visibility 

 MSG/SEVIRI

 MODIS

 OMI

 CALIPSO

 PARASOL

 MPLNET

 PM10
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SDS-WAS: Dust observations

MODIS composite 8th March 2015 from EOSDIS World Viewer



24 April 2013
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SDS-WAS: NRT Evaluation using satellite aerosol products
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SDS-WAS: NRT Evaluation using surface concentration
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SDS-WAS: NRT Evaluation using VISIBILITY data

VISIBILITY on 8-Oct-2015



SDS-WAS: NRT Evaluation using AERONET
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http://sds-was.aemet.es
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SDS-WAS: NRT Evaluation using AERONET

Model evaluation metrics (bias, correlation, RMSE and FGE) are calculated: 

• By regions: NA-ME-E, Sahel/Sahara, Middle East and Mediterranean
• By time periods: monthly, seasonal and annual



A set of evaluation metrics
are selected: 
 Bias
 RMSE
 correlation coefficient
 FGE

Calculations evaluation
metrics are done for:
 monthly/seasonal/annual
 sites and regions
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SDS-WAS: NRT Evaluation using AERONET
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SDS-WAS: NRT Evaluation using MODIS

A set of evaluation metrics
are selected: 
 Bias
 RMSE
 correlation coefficient
 FGE

Calculations evaluation
metrics are done for:
 monthly/seasonal/annual
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SDS-WAS: NRT Evaluation using MODIS Deep Blue

A set of evaluation metrics
are selected: 
 Bias
 RMSE
 correlation coefficient
 FGE

Calculations evaluation
metrics are done for:
 monthly/seasonal/annual



MB

Correlation

NMMB-BSC/Dust Multimodel MEDIAN
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SDS-WAS: NRT Evaluation using MODIS Deep Blue



NMMB-BSC/Dust Multimodel MEDIAN

RMSE

FGE
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SDS-WAS: NRT Evaluation using MODIS Deep Blue
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SDS-WAS: Evaluation using LIDAR/Ceilometers data



SDS-WAS: Model intercomparison 
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http://sds-was.aemet.es
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SDS-WAS: Model intercomparison

(Huneeus et al., 2015, ACPD)

Study of a dust outbreak over Europe in April 2011



SDS-WAS: Model intercomparison  
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(Binitieglou et al., 2015, AMT)

EARLINET vertical profiles 2011-2013
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Study of a haboob in Iran in 2014

Contact: Slobodan Nickovic (nickovic@gmail.com)

Case study of the small-scale 
extreme dust storm occurred in 
Tehran on 2nd June 2014, at 5:30 
PM local time, lasting less than 2 
hours according to public 
evidence. 
Based on public news, the dust 
storm caused several deaths, 
reduction of visibility to several 
tenths meters in the city, and 
adverse disturbance of the public 
traffic. The blowing wind reached 
110 km/h.

SDS-WAS: Model intercomparison  
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Barcelona Dust Forecasting Center (http://dust.aemet.es/)

First Specialized Center for Mineral Dust Prediction of WMO
NMMB/BSC-Dust selected to provide operational forecasts at high 

resolution (10km) for NAMEE region



BDFC (http://dust.aemet.es/)
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Dust Optical Depth at 550nm
Dust Dry Deposition
Dust Load
Dust Surface Concentration
Dust Surface Extinction at 550nm
Dust Wet Deposition



A set of evaluation metrics
are selected: 
 Bias
 RMSE
 correlation coefficient
 FGE

Calculations evaluation
metrics are done for:
 monthly/seasonal/annual
 sites and regions

51

BDFC: NRT Evaluation using AERONET



Canary Islands dust event February 2015

OBSERVATIONS

MODEL



Canary Islands dust event March 2015

MODIS composite 8th March 
from EOSDIS World Viewer

OBSERVATIONS

MODEL



Europe dust event June 2015

OBSERVATIONS

MODEL

Model
AERONET Obs.



Europe dust event May 2015

MODIS composite 13th May
from EOSDIS World Viewer

OBSERVATIONS

MODEL

Model
AERONET Obs.



Arabian dust event February 2015

Model
AERONET Obs.

OBSERVATIONS

MODEL



Arabian dust event Abril 2015

Model
AERONET Obs.

OBSERVATIONS

MODEL



Synoptic dust storms (large scale weather systems)

Mesoscale dust storms

Dust cycle and associated processes: Types of dust storms

Pre-frontal winds Post-frontal winds Large-scale trade
winds

Downslope winds Gap flow

Well captured by models.

Poorly captured by models. Some types improve in regional models.

HaboobsConvection & 
Inversion downbursts



www.bsc.es
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The source of some of the movies and information in this presentation is the COMET® Website at 
http://meted.ucar.edu/ of the University Corporation for Atmospheric Research (UCAR), sponsored in part through
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Commerce (DOC) © 2007-2011 University Corporation for Atmospheric Research. All Rights Reserved. 
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Investigators who provided the data used in this research effort.
59

1st Africa/Middle-East Expert Meeting and Workshop on the health impact of airborne dust

Amman, Jordan, 2nd November 2015


