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Session 1. Introduction to desert dust

•   Atmospheric aerosols 
•   Desert dust and its cycle
•   Types of sand and dust storms 
•   Dust global climatology 

Session 2.  Evaluating models

• Dust forecasting models
•    Model evaluation: 

■ NRT verification vs. long-term assessment
■ Dust-filtered satellite products

Outlook



Dust global distribution

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

Dust impacts and its extension



Organic Carbon + Elemental carbon
Dust
Sulfate
Sea salt

Dust impacts and its extension

NASA | GEOS-5 Aerosols - AOD 



Synoptic dust storms  (large scale weather systems)

Mesoscale dust storms

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

Downslope winds Gap flow Dust devils Haboobs

Dust cycle and associated processes



6

How we can characterize the state of the 
atmosphere? 

▪ Satellite measurements

▪ Ground based remote sensing

▪ Near surface characterization

▪ Measurement campaigns 
▪ Development of new methods

▪ Climate and forecasting models

In situ 

Perfiles
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Atmospheric aerosols

Optical properties

Desert dust can be characterised by its coarser size, irregular shape 
and large absorption.

(Barnaba and Gobbi, 2004)



✔ 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 

Dust models are a mathematical representation of 
atmospheric dust cycle.

Dust forecasting models



Dust forecasting models
Dust forecasting models do NOT take account dust 

resuspension and other anthropogenic sources

Kathmandu, Nepal, March 2017



Dust processes span over five orders of magnitude in space and time. 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. 

Accurate representation of dust sources and sinks is critical for providing 
realistic magnitudes and patterns of atmospheric dust fields.

Adapted from Shao (2011)

Dust forecasting models



Modelling scales

Reanalysis
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• Long-term dataset
• Stable and consistent in time
• Includes assimilation of observations



Modelling scales

Short-term forecast
12
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http://aeronet.gsfc.nasa.gov/

Modelling evaluation
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Dust cycle and associated processes: Types of dust storms

Extracted from Guirado et al. (2014, ACP)
Time series from Tamanrasset, Algeria

Model evaluation

MONARCH 
AOD 550nm



A piece of SDS history

▪ Late 80’s: 
▪ First demonstration that SDS dynamic 

simulations are possible
▪ 90’s:

▪ First satellite products capable to detect SDS 
▪ First successful daily SDS forecast test
▪ First long-term daily SDS forecasts 

▪ 2000’s: 
▪ Fast growth in dust observations and 

forecasting models
▪ 2010’s: 

▪ Fast growth in user-oriented applications

WE ARE NOW READY 
TO PROVIDE 

ADDED-VALUE
DUST INFORMATION ! 



Objectives:

▪ Identify and improve 
products to monitor and 
predict dust by working 
with research and 
operational organizations, 
as well as with users.

▪ Facilitate user access to 
information.

▪ Strengthen the capacity of 
countries to use the 
observations, analysis and 
predictions provided.

WMO Sand and Dust Storm Warning Advisory 
and Assessment System (SDS-WAS)

Regional Nodes and Centers

http://www.wmo.int/sdswas/

OPERATIONAL DUST 
REGIONAL CENTERS
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WMO Barcelona Dust Regional Center

The WMO Barcelona Dust Regional Center (includes operations and R&D) is 
coordinating the activities of the NAMEE node and participating in ongoing 
research projects that search to produce dust services. 

 
Multi-model ensemble

15 Global – Regional models  (from ~ 100 to 10 km)

PROBABILISTIC products can provide better information during extreme events  

@Dust_Barcelona



WMO Barcelona Dust Regional Center 

• SDS-WAS Regional Center. Sand and Dust 
Storm Warning Advisory and Assessment 
System. Starting in 2010 – Research 

• http://sds-was.aemet.es 

• Barcelona Dust Forecast Center 
(RSMC-ASDF).  First Regional Specialized 
Meteorological Center with activity 
specialization on Atmospheric Sand and 
Dust Forecast. Starting in 2014  - 
Operational

• http://dust.aemet.es

• @Dust_Barcelona

It includes a multi-model ensemble 
PROBABILISTIC products  

MONARCH is the reference model and it 
contributes to the SDS-WAS ensemble

http://dust.aemet.es/
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Sentinel 2 - Pyrenees 6th February 2021

EUMETSAT RGB Dust Product
 5th February 2021

EUMETSAT RGB Dust Product
 6th February 2021

Barcelona Dust Regional Center



20http://dust.aemet.es/

@Dust_Barcelona

Reference model MONARCH

72-hours forecasts of:
• Dust Optical Depth at 550nm
• Dust Dry and Wet Deposition
• Dust Load
• Dust Surface Concentration
• Dust Surface Extinction at 550nm

Downloadable forecast products

• Maps (FRAME or GIF)
• GoogleEarth (KMZ or KML)

Evaluation with AERONET

Operational Dust Forecast 
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15 Global and Regional models

72-hours forecasts of:
• Dust Optical Depth at 550nm
• Dust Surface Concentration

Downloadable forecasts products

• Maps (FRAME or GIF)
• GoogleEarth (KMZ or KML)
• Numerical data

Evaluation with AERONET and MODIS

Multi-model ensemble

@Dust_Barcelona



Multi-model ensemble

Model ensemble

15 Global – Regional models 
(from ~ 100 to 10 km)

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

Dust column-load, DOD

Surface concentration

PROBABILISTIC products can provide better 
information during extreme events  



Multi-model product
3-days forecast: Example from 5-Feb-2021 to 7-Feb-2020

DOD – dust column-load Surface concentration

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

MULTI-MODEL
CAMS
MONARCH
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Sentinel 2 - Pyrenees 6th February 2021

Sentinel 2 - Pyrenees 6th February 2021

Saharan outbreak over Europe on 5-7 Feb 2021

https://sds-was.aemet.es/forecast-products/dust-observations/msg-2013-eumetsat

EUMETSAT RGB Dust Product
 5th February 2021

EUMETSAT RGB Dust Product
 6th February 2021

Geneva, Switzerland, 6th February 2021
From Oksana Tarasova 

https://sds-was.aemet.es/forecast-products/dust-observations/msg-2013-eumetsat


The observed reductions of 
visibility achieved few meters 
(< 800m) in North Algeria 
where it is localised the origin 
of this event. 
Some stations in Western 
Mediterranean informed on 
reductions of visibility during 
the afternoon.

VISIBILITY OBSERVATIONS 6 February 2021

https://sds-was.aemet.es/forecast-products/dust-observations/visibility

Saharan outbreak over Europe on 5-7 Feb 2021
Operational Dust Forecast 

The reference dust forecast is based on MONARCH

Six dust variables are available:
● Surface concentration
● Surface extinction (related with visibility)
● Dust optical depth at 550nm
● Dust load
● Wet deposition
● Dry deposition

http://dust.aemet.es

http://dust.aemet.es/
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Sentinel 2 - Pyrenees 6th February 2021

EUMETSAT RGB Dust Product
 5th February 2021

EUMETSAT RGB Dust Product
 6th February 2021

http://dust.aemet.es

Saharan outbreak over Europe on 5-7 Feb 2021
Operational Dust Forecast 

https://sds-was.aemet.es/forecast-products/dust-observations/msg-2013-eumetsat
http://dust.aemet.es/


5 February 2021 6 February 2021 7 February 2021

https://www.eea.europa.eu/data-and-maps/explore-interactive-maps/up-to-date-air-quality-data

Saharan outbreak over Europe on 5-7 Feb 2021

Davos, Switzerland, 6th February
WMO-GAW PFR station
Courtesy of Stelios Kazadzis

https://www.eea.europa.eu/data-and-maps/explore-interactive-maps/up-to-date-air-quality-data


Saharan outbreak over Europe on 5-7 Feb 2021
Multi-model ensemble: Probability maps 

https://sds-was.aemet.es/forecast-products/dust-forecasts/probability-maps-dust-surface-concentration/

6 Feb (24h forecasts)5 Feb (24h forecasts) 7 Feb (24h forecasts)



Saharan outbreak over Europe on 5-7 Feb 2021
Comparison PM of CAMS and EIONET

Extracted from CAMS Validation NRT report
(Schulz et al., 2021, doi:10.24380/ f540-kb09)



Saharan outbreak over Europe on 5-7 Feb 2021
Comparison with AERONET 

The dust-filtering of the AERONET observations 
is considering dust (i.e. DOD = AOD) when the 
Angstrom Exponent  < 0.6

● This is associated to coarse particles

https://sds-was.aemet.es/forecast-products/forecast-evaluation

New WMO Barcelona Regional Center interactive visualisation tool 
To be launched 

https://sds-was.aemet.es/forecast-products/forecast-evaluation


Saharan outbreak over Europe on 5-7 Feb 2021
Comparison with MODIS Deep Blue AOD 

https://sds-was.aemet.es/forecast-products/forecast-evaluation

New WMO Barcelona Regional Center interactive visualisation tool 
To be launched 

https://sds-was.aemet.es/forecast-products/forecast-evaluation


Canary Islands –  February 2020
22-23 February is an exceptional event: it 
is the most intense event in Canary Islands 
in the last 20 years records (from 2000s) 
 

(Cuevas et al., WMO report, 2021)

Impacts in the archipielago: 

● Increase of the number of 
hospitalisations (3 times more)

● 745 flight cancellations and 84 
diverted flights 

● Solar PV energy production fell > 50% 



Canary Islands – February 2020

Probability maps based on 
the SDS-WAS ensemble

(Cuevas et al., WMO report, 2021)

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

23 Feb (24h forecasts) 24 Feb (48h forecasts)

More than 40% of the SDS-WAS 
models predicted surface 
concentrations > 1000µg/m3

MODIS/Aqua images



Canary Islands – February 2020
Comparison with MODIS Visible

https://sds-was.aemet.es/forecast-products/forecast-evaluation

New WMO Barcelona Regional Center interactive visualisation tool 
To be launched 

https://sds-was.aemet.es/forecast-products/forecast-evaluation


Canary Islands – February 2020
CAMS results

Extracted from CAMS Validation NRT report
 (Schulz et al., 2020, doi:10.24380/322n-jn39)

22 Feb

23 Feb

24 Feb



Canary Islands – February 2020
Comparison with AERONET 

The dust-filtering of the AERONET observations 
is considering dust (i.e. DOD = AOD) when the 
Angstrom Exponent  < 0.6

● This is associated to coarse particles

https://sds-was.aemet.es/forecast-products/forecast-evaluation

New WMO Barcelona Regional Center interactive visualisation tool 
To be launched 

https://sds-was.aemet.es/forecast-products/forecast-evaluation


Canary Islands – 22-23 February 2020

(Cuevas et al., WMO report, 2021)

The observed reductions of visibility achieved 
few meters (< 800m) in the Canary Islands

More than 50% of the SDS-WAS models 
predicted surface concentrations > 1000µg/m3 
with some models predicting surface 
concentrations > 3000µg/m3 

OBSERVATIONS



Warning System for Burkina Faso

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

30th March 2020

VISIBILITY OBSERVATIONSFORECASTS

Why models? Burkina Faso does not have 
any Air Quality observational network



Warning System for Burkina Faso

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

Traffic light system based on the dust 
surface concentration information 
provided by the WMO multi-model 
ensemble.  

Thresholds of each category are defined 
based on the percentiles obtained from 
more than 10-years dust surface 
concentration multi-model ensemble.

80th percentile
90th percentile
97.5th percentile

Warning System for Burkina Faso
Extension to other countries in the Sahelian
region SOON!

Warnings for the next two days over 
Burkina Faso targeting on civil protection



Warning System for Burkina Faso

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

Verification with VISIBILITY 
observations
(NO surface concentration 
observations)
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NRT Dust Profiles Evaluation
Exchange protocol
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http://sds-was.aemet.es/projects-research/evaluation-of-model-derived-dust-vertical-profiles

MONARCH



NRT Dust Profiles Evaluation
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Atlantic dust event:  2 - 5 November 2016



NRT Dust Profiles Evaluation
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http://sds-was.aemet.es/projects-research/evaluation-of-model-derived-dust-vertical-profiles

Evaluation results for 2017
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Ceilometers are potential instruments for NRT “verification” of 
vertical dust forecasts.

• Skills score calculation:

• Definition of a common vertical reference profile for the participating 
models → Vertical interpolation is sensible to the original model and 
observations vertical resolution. The most standard product is based on 
pressure levels.

• Center of Mass (CoM), Top and Base of the dust layer present some 
challenges 

■ PBL and/or maritime boundary layer
■ multiple dust layers
■ laser signal 

NRT Dust Profiles Evaluation
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CAMS Global Products catalogue

https://atmosphere.copernicus.eu/global-services
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Dust Products catalogue

https://react.space.noa.gr/indust-inventory/

https://react.space.noa.gr/indust-inventory/
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The WMO Barcelona Dust Regional Center is coordinating and active in the ongoing 
research projects that search to produce dust services. Our activities are taking as a 
reference by the UN SDS initiatives that searches to help on the mitigation of dust 
impacts.

 

The work presented here it is possible thanks to the support of collaboration of the active members of the WMO SDS-WAS NAMEE 
Regional Node and associated researchers from NASA (i.e. AERONET, MODIS) as well as the inDust networks.

Autumn-Winter

and operations

WMO Barcelona Dust Regional Center 



Upcoming event

Registrations and upcoming events: https://cost-indust.eu/events/indust-events 

@Dust_Barcelona



Thank you
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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 
cooperative agreement(s) with the National Oceanic and Atmospheric 

Administration (NOAA), U.S. Department of Commerce (DOC) © 
2007-2011 University Corporation for Atmospheric Research. All Rights 

Reserved.
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