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Introduction

● Welcome and introduction to the webinar - Emanuele Emili (BSC)
● Dust impacts and the context of the international forum | inDust and the webinars - Sara Basart (WMO)
● History and introduction of SDS-WAS - Slobodan Nickovic (Republic Hydrometeorological Service of 

Serbia)

From Science to Services

● Measurements – Vassilis Amiridis (NOA)
● Modeling – Ana Vuković Vimić (University of Belgrade)
● Health – Aurelio Tobias (IDAEA-CSIC, Spanish Council for Scientific Research)
● Solar radiation – Stelios Kazadzis (PMOD/WRC)
● Users experience – Lucia Mona (CNR-IMAA, Italian Research Council)

Looking at future

● Challenges and emerging topics - Carlos Pérez García-Pando (BSC) and Pavla 
Dagsson-Waldhauserová (Agricultural University of Iceland)

Open questions from the audience - Mark Parrington (ECMWF)

Closing and moderation - José Luis Camacho, Ernest Werner (AEMET, Spanish Meteorological Agency)



Sara Basart

Dust impacts and the context 
of the international forum



inDust Leaflet available in www.cost-indust.eu/media-room

Sand and Dust Storms Impacts

Weather and Climate

EcosystemsInfrastructures

Economy

Life and Health



UN General Assembly 
Proclaimed 12 July 
International Day of 
Combating Sand and Dust 
Storms, Aiming to Raise 
Awareness about 
Importance for Health, 
Sustainability

UN Coalition for 
Combating Sand and 
Dust Storms



Almería, Spain, 2022

Paris, 2021

Crete, 2018

Tenerife 2020

Switzerland, 2022



WMO launched in 
2007 the 
international 
research 
programme on 
Sand and Dust 
Storms, the 
SDS-WAS



Slobodan Nickovic

History and introduction of 
SDS-WAS



Ancient SDS recordings 

Ancient dust recording (Korea) 57 BC

Dust storm in Sahara 
(painting, George Francis 
Lyon, 1819)



Early scientific consideration of SDS

Charles Darwin

Beagle cruise dust samples 
(1832)

In 1922, Lewis Fry Richardson developed the 
first numerical weather prediction (NWP) 
concept. based on „primitive equations“ of 
motion.
He proposed to add atmospheric dust as a 
prognostic variable!



Early process studies

Asian dust unexpectedly 
observed in Pacific 
(Robert Duce et 
al.,Science, 1980)

19 June 2020 GOES
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Barbados observations since 
1966

The Discovery of 
African Dust 
Transport to the  
Western 
Hemisphere (Joe 
Prospero., BAMS, 
2021)



Why dust?

Transport

Agriculture

Energy

Health

Climate

Weather

Mineral 
Dust



Exponential growth of dust-related articles

Knipperz and Stout, 2014 



Early '90s - Accumulated knowledge on SDS process

NRL NAAPS Global Dust Model forecasts

DREAM regional dust forecasts

ESA

Aeronet sunphotometer network

First daily numerical dust 
model  predictions

● Mediterranean
● Global    

Improved aerosol observations

● Remote-sensing
● Ground-based    



WMO SDS-WAS: Sand and Dust Storm 
Warning and Advisory System

● 2005: 46 WMO countries expressed interest for a dust project

● 2007: WMO established SDS-WAS

● The mission: to enhance the ability of WMO Members to deliver 
timely and quality sand and dust storm forecasts, observations, 
information and knowledge to users through an international 
partnership of research and operational communities.

● Global and regional infrastructure



WMO SDS-WAS: Sand and Dust Storm 
Warning and Advisory System

● Asian Regional Node

● North Africa, the Middle and Europe (NAMEE) Regional Node

● Pan American Regional Node

● Gulf Cooperation Council (GCC) Regional Node 

Global and regional infrastructure



Current SDS-WAS emerging research issues

modelling/forecasting

Mineral 
DustClimate impacts

Observations

Dust terrestrial 
interactions

AQ, agriculture, health 
transport



Vassilis Amiridis

Measurements





















Ana Vuković Vimić

Modeling















Aurelio Tobias

Health



Health effects

● Health effects are the changes in health status resulting from exposure 
to a given risk factor

○ Short term effects – Acute impact on health after an  immediate 
exposure (time-series studies)

○ Long term effects – Chronic health effect after a cumulative 
exposure (cohort studies)

● Health impact assessment is the evaluation of potential health effects 
of proposed actions relative to a given exposure to provide 
recommendations for decision-making process that will protect health



Scoping review health effects 



Scoping review health effects 



Modelling short-term health effects 



Stelios Kazadzis

Solar radiation



Dust/aerosol effects on solar energy

Stelios Kazadzis, 
Physical and Meteorological Observatory of 
Davos,
World Radiation Center, Switzerland

• Dust effects on earth-atmosphere 
radiative balance

• Solar radiation attenuation – solar 
energy fluctuations

• Soiling – dust deposition
• Horizontal attenuation in dusty 

environment
• Solar radiation/energy forecasting



Dust effects on earth-atmosphere 
radiative balance Adebiyi and Kok, 2022

• Taking into account coarse dust (D>5 μm) 
results in warming at TOA

• More coarse dust for the same AOD 🡺 
more warming due to (more) coarse/less 
cooling due to (less) fine particles

• More warming in the LW/less cooling in 
the SW 🡺 less cooling (within uncertainty 
limits)

• Song et al. estimated that the greatest factor of 
uncertainty in the DRE estimation is the used RI, 
i.e. the composition of dust

• Dust size also plays an important role

• Uncertainties due to shape are less significant 

TOA

Surface

Dust size                       SW-LW-NET



Global Horizontal irradiance yearly potential 
World bank global solar atlasAverage dust optical depth from Gkikas et al., 2021

Solar radiation/ energy 
attenuation

“Solar panels covering 1.2% surface of Sahara is enough to power the world”

Global solar potential and dust areas



Technologies for solar energy

● DNI much more affected by aerosols

● Mirror to tower: horizontal attenuation
(Path a) 

Surface solar radiation used for solar-based energy production 
Different components

Global Horizontal Irradiance or Global in tilted surface (PV) Direct Normal Irradiance (CSP) 

Path a

PV
CSP



Papachristopoulou  et al. (2022)

Long-term aerosol direct radiative effects 15-year climatology (2003-2017) 

1–13%
annual GHI 
attenuation 

(5–47% for 
DNI)

[0.05 to 0.48 
mean AOD, 
MODIS AOD 

retrievals]

up to 10% 
GHI 

attenuation 
attributed 

solely to dust

(up to 37% for 
DNI)

[up to 0.35 mean 
DOD, Satellite 
based ModIs Dust 
Aerosol (MIDAS) 
(Gkikas et al. 2021)]Significant role of SSA in calculating the radiative effects of aerosols. 

total aerosol

total aerosol

Dust aerosol

Dust aerosol



Interannual variability of the radiative impacts  

Dust aerosol effect

Total aerosol effect

Other aerosols 
effect

15-year climatology (2003-2017) 

Papachristopoulou  et al. (2022)

D1 D2 D3

D1

D2

D3



Economic 
impact for a 
3 day dust  
episode

Kosmopoulos et al., 2018 

Solar attenuation by dust episodes

01/02/2015, MODIS/Aqua
satellite data

Energy loss for Alexandria and Cairo for GHI and DNI

GHI GHI

DNI

DNI

Losses to financial 
aspects



Zhe Song et al., 2021

Soiling – dust deposition

N. Hanrieder -  DLR, presentation in InDust

C. Li et al., 2020

2003-2014 : CF = the actual annual generation divided by the 
total generation that would occur if the PV panels generated 
electricity at the nameplate capacity all year round.



Solar radiation forecasting and aerosols

Slide from NREL handbook

Marion Schroedter-Homscheidt et al., 2013

CAMS aerosols forecasting

25-48 hours forecast from ECMWF/MACC compared with AERONET

Papachristopoulou et al., 2022 



Dust/aerosol effects on solar energy

Stelios Kazadzis, 
Physical and Meteorological Observatory of 
Davos,
World Radiation Center, Switzerland

Thank you 



Lucia Mona

Users experience



● Differences in the scientific communities (vocabulary, approach etc)
● Variety of user community groups (different needs, different languages, 

education, culture…)
● Often Scientific vs User communities did not know each other
● Separate communities even with specific needs and approaches depending 

on the Country/Region

Interaction with users

User community 3

User community 1

User community 4

User community 2

Modelling
Observations



How to tackle such issues?
expertize gained during InDust 

https://cost-indust.eu

● Wide group of people involved in user connection activities 
● Sharing and distributing the work
● Strong link with dissemination activities

Key Actions towards the users:

1. Identifying potential users
2. Understanding how much users know about scientific capabilities?
3. Collecting user requirements
4. Go back to science for tailoring products
5. Check user satisfaction level

Interaction with users



Means

● 1-1 interactions 
● Workshops

Actions

● showing different user oriented solutions
● discussing gaps
● brainstorming for new ideas
● further tailoring actions

Interaction with users



Mechanical problems 

● Ice nucleation
● Dust melting in turbines
● Turbine abrasion

Reduction of visibility 

● Closing airports / Traffic management →Rerouting and cancellations
● Disturbances in airport operations



Aviation 
Tailored product

The EARLINET/ACTRIS dust/ash alerting system
based on High resolution profiles and depolarization capability

Standard EARLINET/ACTRIS products



Aviation 
Tailored product

Results based on the Dustclim regional reanalysis (2007-2016)
Votsis et al., FMI's Climate Bulletin: Research Letters 



Carlos Pérez García-Pando and 

Pavla Dagsson-Waldhauserová

Challenges and emerging topics



• Poor understanding of some key physical processes controlling dust aerosols 
and their effects at multiple spatial and temporal scales,

• Lack of reliable dust information in many countries affected by SDS,

• Large uncertainties of current SDS forecasts on time scales from days to a 
week,

• Severe lack of knowledge and capabilities for long-range dust prediction and 
projections (from months to decades to centuries),

• Limited integration of dust information and forecasts into practice and policy.

MAJOR GENERAL CHALLENGES



Constraining the dust cycle and its effects upon climate 
remains a key challenge in many aspects



Examples of key modeling challenges in representing the dust cycle and its effects



High Latitude Dust networks (active today):

•IceDust – Icelandic Aerosol and Dust Association (European Aerosol Assembly)

•UArctic Thematic Network on HLD

HLD forecasting: DREAM_Iceland, SILAM

HLD in-situ observations: Iceland, Canada, Greenland, Antarctica (Alaska, Svalbard, Patagonia, 
New Zealand)



Q&A

Mark Parrington


