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Operational dust forecasts



Why mineral dust forecasts?

More on impacts at https://cost-indust.eu/media-
room/resources

800+ flights canceled due to 
Saharan dust storm (Calima) in 
the Canary Islands (Feb 2020)

1,000+ hospitalizations in a single 
dust storm event (Iraq, May 
2022).

Unprecedented collapse in 
Spain’s solar power generation
on March 15 2022 (70–80% 
reduction nationwide).



WMO SDS-WAS

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

The mission: to enhance the ability of WMO 
Members to deliver timely and quality sand and dust 
storm forecasts with a lead time of 3 days

Four regional nodes:

● Asian Regional Node (Bejing, China)

● North Africa, Middle East and Europe (NAMEE) Regional Node 
(AEMET and BSC)

● Pan American Regional Node (Barbados)

● Gulf Cooperation Council (GCC) Regional Node (Jeddah)



BDRC: Multi-model forecasts

Model Institution Contact person Reference publications Data Policy Period available

ALADIN Météo Algérie Abdenour Ambar
Termonia et al., 2018
Mokhtari et al., 2012

CCBY 4.0
20190910 - now

BSC-DREAM8b BSC Carlos Pérez García-Pando
Nickovic et al., 2001

Pérez et al., 2006
Basart et al., 2012

CCBY 4.0
20100330 -
20220929

CAMS-IFS ECMWF Melanie Ades Rémy et al., 2022 CCBY 4.0
20101012 - now

DREAM8-CAMS SEEVCCC Goran Pejanovic
Pejanovic et al., 2010
Nickovic et al., 2016

CCBY 4.0
20111114 - now

EMA RegCM4 EMA Ashraf Zakey Zakey et al., 2006 CCBY 4.0
20140504 - now

ICON-ART DWD Vanessa Bachmann Rieger et al., 2015 CCBY 4.0
20190628 - now

LOTOS-EUROS TNO Astrid Manders-Groot Manders et al., 2017 CCBY 4.0
20160928 - now

MetOffice-UM UK MetOffice Melissa Brooks Mulcahy et al., 2014 -
20120522 - now

MOCAGE MétéoFrance Vincent Guidard El Amraoui et al., 2022 CCBY 4.0 20220511 - now

MONARCH BSC Carlos Pérez García-Pando
Pérez et al., 2011
Klose et al., 2021

CCBY 4.0
20120214 - now

MULTI-MODEL AEMET Ernest Werner Basart et al., 2019 CCBY 4.0
20120120 - now

NASA-GEOS NASA Arlindo da Silva Colarco et al., 2010 CCBY 4.0
20120701 - now

NCEP-GEFS NCEP Jun Wang Lu et al., 2016 CCBY 4.0
20121008 - now

NOA-WRF-CHEM NOA Emmanouil Flaounas Flaounas et al., 2017 CCBY 4.0
20151001 - now

SILAM FMI Mikhail Sofiev Sofiev et al., 2015 CCBY 4.0
20160314 - now

WRF-NEMO AUTH Serafim Kontos Kontos et al., 2021 CCBY 4.0
20201003 - now

ZAMG-WRF-CHEM ZAMG Barbara Scherllin-Pirscher LeGrand et al., 2019 CCBY 4.0 20220521 - now

Barcelona Dust Regional Center: dust.aemet.es

Dust Optical Depth 
at 550 nm

https://www.meteo.dz/
mailto:ambar.abdenour@gmail.com
https://gmd.copernicus.org/articles/11/257/2018/gmd-11-257-2018.html
https://gmd.copernicus.org/articles/11/257/2018/gmd-11-257-2018.html
https://gmd.copernicus.org/articles/5/581/2012/
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.bsc.es/
mailto:dust@aemet.es
mailto:dust@aemet.es
mailto:dust@aemet.es
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2005JD006717
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2000JD900794
https://www.tandfonline.com/doi/full/10.3402/tellusb.v64i0.18539
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.ecmwf.int/
mailto:melanie.ades@ecmwf.int
https://gmd.copernicus.org/articles/15/4881/2022/
https://creativecommons.org/licenses/by/4.0/deed.en
http://www.seevccc.rs/
mailto:goran.pejanovic@hidmet.gov.rs
https://ui.adsabs.harvard.edu/abs/2010EGUGA..12.7353P/abstract
https://acp.copernicus.org/articles/16/11367/2016/
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.unescwa.org/egyptian-meteorological-authority
mailto:ashraf.zakey@yahoo.com
https://acp.copernicus.org/articles/6/4687/2006/
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.dwd.de/EN/Home/home_node.html;jsessionid=93D84E00F3CB5B8A71F30F968CDE549F.live11042
mailto:Vanessa.Bachmann@dwd.de
https://gmd.copernicus.org/articles/8/1659/2015/
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.tno.nl/en/
mailto:astrid.manders@tno.nl
mailto:astrid.manders@tno.nl
mailto:astrid.manders@tno.nl
https://gmd.copernicus.org/articles/10/4145/2017/gmd-10-4145-2017-discussion.html
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.metoffice.gov.uk/
mailto:melissa.brooks@metoffice.gov.uk
https://acp.copernicus.org/articles/14/4749/2014/
http://www.umr-cnrm.fr/spip.php?article128&lang=en
https://meteofrance.com/
mailto:vincent.guidard@meteo.fr
https://www.mdpi.com/2072-4292/14/8/1949
https://creativecommons.org/licenses/by/4.0/deed.en
https://dust.aemet.es/resolveuid/3977d7e83b1a4a128d0e0f1a10478826
https://www.bsc.es/
mailto:dust@aemet.es
mailto:dust@aemet.es
mailto:dust@aemet.es
https://acp.copernicus.org/articles/11/13001/2011/
https://acp.copernicus.org/articles/16/11367/2016/
https://creativecommons.org/licenses/by/4.0/deed.en
http://www.aemet.es/
mailto:dust@aemet.es
https://www.e3s-conferences.org/articles/e3sconf/abs/2019/25/e3sconf_caduc2019_04008/e3sconf_caduc2019_04008.html
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.nasa.gov/
mailto:arlindo.dasilva@nasa.gov
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2009JD012820
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.weather.gov/ncep/
mailto:Jun.Wang@noaa.gov
https://gmd.copernicus.org/articles/9/1905/2016/
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.noa.gr/en/
mailto:flaounas@noa.gr
https://gmd.copernicus.org/articles/10/2925/2017/
https://creativecommons.org/licenses/by/4.0/deed.en
https://en.ilmatieteenlaitos.fi/
mailto:mikhail.sofiev@fmi.fi
https://gmd.copernicus.org/articles/8/3497/2015/
https://creativecommons.org/licenses/by/4.0/deed.en
http://lap.physics.auth.gr/index.asp?lang=en
mailto:serkontos@gmail.com
https://www.sciencedirect.com/science/article/pii/S1352231020308906?casa_token=t2bWFc3Q_cEAAAAA:f6WIDnoupu59e4CZegXxC0P6JvuS_hY-n7FPxuksu5o6UrFGeXMCoK2k_T4yQ6gCuoPaRpu-SPY
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.zamg.ac.at/cms/en/news
mailto:barbara.scherllin-pirscher@zamg.ac.at
mailto:barbara.scherllin-pirscher@zamg.ac.at
mailto:barbara.scherllin-pirscher@zamg.ac.at
https://gmd.copernicus.org/articles/12/131/2019/
https://creativecommons.org/licenses/by/4.0/deed.en


Probabilistic forecast



Additional products: deposition



Additional products: vertical layers



BSC MONARCH forecast suite

Global aerosols Configuration

Meteorology Inline
NMMB

Initial condition GFS 0.5x0.5 deg

Resolution 0.7x0.5 deg
Levels 48

Forecast range 5 days
Output frequency 3 hours

Species Dust, Sea Salt
BC, OC

(POA,SOA)
Sulfate, Ammonium, 

Nitrate
Size Bins 8 (dust, salt), 3 nitrate, 

bulk BC, OA, ammonium, 
sulfate

Chemistry CB05 plus chlorine 
chemistry, Fast-J 

photolysis
Antho. & Biogenic Emission CAMS-GLOB-ANTv4.2 

(anthro)
HTAPv2 (aviation), 

MEGANv2.04 (biogenic)
Bio.  Burn. Emissions GFAS (daily)

SDS-WAS Configuration

Meteorology Inline
NMMB

Initial and boundary 
conditions

GFS 0.5x0.5 deg

Resolution 0.1x0.1 deg
Levels 40

Forecast range 3 days
Output frequency 3 hours

Species Dust

Size Bins 8

Antho. & Biogenic 
Emission

NA

Bio.  Burn. Emissions NA

CAMS regional Configuration

Meteorology Inline
NMMB

Initial and boundary 
conditions

IFS and CAMS GLOB

Resolution 0.15x0.15 deg
Levels 24

Forecast range 4 days
Output frequency hourly

Species Dust, Sea Salt
BC, OC

(POA,SOA)
Sulfate, Ammonium, Nitrate

Size Bins 8 (dust, salt), 3 nitrate, bulk BC, OA, 
ammonium, sulfate

Chemistry CB05 plus chlorine chemistry, Fast-J 
photolysis

Antho. & Biogenic Emission CAMS-REGv6.1 (anthro), MEGANv2.04 
(biogenic)

Bio.  Burn. Emissions GFAS (hourly)



MONARCH dust forecast setup

• 8 dust bins (0.2-20 m)

• MODIS DB C6 based foo (climatology) derived at 0.1 degrees 
from Ginoux (2012)

• Standard desert mask based on monthly vegetation fraction 
Based on MODIS C5 monthly LAI climatology

• Emitted size distribution from Kok (2011)

• GOCART dust emission scheme from Ginoux (2001) updated 
with friction velocity

• OPAC tri-axial spheroids extinction coefficients

• Online interaction between dust and radiation
Klose et al (2020)



ICAP



ICAP models
Courtesy of J. Reid (ICAP 2024)



ICAP products

▪ ICAP Consensus:

▪ – Generated at NRL with ~18 hr latency from 0Z

▪ – 8 multi species, +1 dust only global model

▪ – Have three consensus aggregations: “Core 4-C4” 
, all models (ICAP-MME), and dust.

▪ – Products: Total, fine, coarse, dust, smoke AOD; 
PM2.5 and PM10

▪ – Data available on 
https://usgodae.org/pub/outgoing/nrl/ICAP-
MME/ Free to use, just please acknowledge NRL 
and ICAP contributors

Courtesy of J. Reid (ICAP 2024)

https://usgodae.org/pub/outgoing/nrl/ICAP-MME/
https://usgodae.org/pub/outgoing/nrl/ICAP-MME/
https://usgodae.org/pub/outgoing/nrl/ICAP-MME/


CAMS
Courtesy of M. Ades (ICAP 2025)

https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-
documentation-cy49r1-part-viii-atmospheric-composition.pdf

https://atmosphere.copernicus.eu/glob
al-forecast-plots

https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf


CAMS assimilated observations

EOS-Terra/MODIS

EOS-Aqua/MODIS

S-NPP/VIIRS

Metop-B/PMAp

NOAA-20/VIIRS

Metop-C/PMAp

Sentinel-3B/SLSTR

Land & Ocean Ocean only
Global CAMS forecasting system

Sentinel-3A/SLSTR

40km Globe (twice daily, d+5)

Courtesy of M. Ades (ICAP 2025)

https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-
documentation-cy49r1-part-viii-atmospheric-composition.pdf

https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf
https://www.ecmwf.int/sites/default/files/elibrary/112024/81630-ifs-documentation-cy49r1-part-viii-atmospheric-composition.pdf


NASA GEOS
Courtesy of P. Colarco (ICAP 2025)

https://fluid.nccs.nasa.gov/cf/



NASA GEOS
Courtesy of P. Colarco (ICAP 2025)



Ongoing developments



Ongoing developments

o Transition from MODIS to VIIRS ongoing or already done in most operational centers

o EUMETSAT Sentinels taking over the morning orbit

o Refined particle size distribution, sources function …

o Infrared (MetOP IASI) and vertically resolved assimilation (EARTHCARE ATLID)



Emissions correction

• Global MONARCH configuration 
(1x1.4 deg)

• 5 years  run (2017-2021)
• Assimilates SUOMI-NPP VIIRS 

Deep Blue V1 dust flagged AOD

• Ensemble of 100 members
• One emission factor every 3 days

r |MFB| MFE

Mediterranean

North Africa

Sub-Saharan Africa

Middle East

October 2024 - March 2025

Oper Forecast (o-suite)
DA Forecast (e-suite)
Satellite emissions



Machine learning forecasting
Courtesy of E. di Tomaso (ICAP 2025)



Machine learning forecasting
Courtesy of E. di Tomaso (ICAP 2025)



Machine learning forecasting

Decoder     

Bottleneck

Encoder

Input Output

2D conv

Relu

2D conv

Relu

2D conv

Relu

Pool

Data split

Network architechture
Data used

Total instances 4281
• Training set 70% (2996)
• Validation 20% (848)
• Test set 10% (437)

• About 10 years of VIIRS NOAA20 DBv2 550nm 
AOD L2

• GFS weather forecasts
• 3 levels (500, 850 & 1000 hPa)
• Dimensions (UGRD, VGRD, VVEL, T & RH)

• Terrain elevation
• Time encoding

Courtesy of M. Hortelano

Nowak et al (2025)



Machine learning forecasting
Courtesy of M. Hortelano



Mineral dust reanalyses



Why a reanalysis?
Courtesy of A. Innes



CAMS reanalysis
Courtesy of A. Innes



CAMS reanalysis: Aeroval

https://global-eqc-server.atmosphere.copernicus.eu



CAMS reanalysis: Aeroval



CAMS reanalysis
Courtesy of M. Ades (ICAP 2025)



GEOS reanalysis



GEOS reanalysis
Courtesy of P. Colarco (ICAP 2025)



GEOS reanalysis
Courtesy of P. Castellano (ICAP 2025)



ICAP reanalyses comparison

Peng et al (2023)



MONARCH reanalysis: Dustclim

https://earth.bsc.es/thredds_dustclim
Di Tomaso et al (2022)

- 10 km spatial resolution 
- assimilation of MODIS Deep Blue C6.0 
coarse optical depth (Ginoux, 2012)
- size and vertically resolved dust fields
- direct and global irradiance
- ensemble statistics (first guess and 
analysis)
- MODIS Deep Blue C6.0 until 2016 -> 
C6.1 starting from 2017-2018

DOD yearly anomalies

https://earth.bsc.es/thredds_dustclim


MONARCH reanalysis: Dustclim



MONARCH v2 reanalysis: DustClim v2

o Model version and data assimilation revised to match current operational forecasts

o ERA-Interim → ERA5 meteorology

o MODIS coarse DOD over land → VIIRS Dust Filtered AOD over land and ocean

o Deterministic control simulation

o Additional fields (emissions, dust radiative effect)

o Preliminary production ongoing for 2018-2019

o Aim is to keep up-to-date production with current day



BSC MONARCH DustClim v2 production

AERONET coarse AOD
Dustclim
Dustclim v2

Mediterrenean

Northern Africa

Middle East



Final remarks

• Many mineral dust forecasts publicly available and easy to access

• Few established forecast centers routinely assimilate satellite observations

• Those that do generally produce as well long-term reanalyses

• Assimilated observations are generally total aerosol optical depth values

• Changes in observational networks / systematic differences between satellite 
products are important aspects to be considered in reanalyses

• The AI revolution is ongoing



References

To be updated …
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