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HIGH LATITUDE DUST AREAS

• THE MAIN SOURCES OF DUST EMISSIONS IN THE NORTHERN (ALASKA, CANADA, GREENLAND, 

AND ICELAND) AND SOUTHERN (ANTARCTICA, NEW ZEALAND, AND PATAGONIA) HEMISPHERES 

• HIGH-LATITUDE SOURCES COVER >500,000 KM2

• CONTRIBUTION OF 80 – 100 TG YR-1 OF DUST TO THE EARTH SYSTEM

(~5% OF THE GLOBAL DUST BUDGET)



HIGH LATITUDE DUST AREAS



Ittoqqortoomiit, 

September 2018

Source: NASA Earth Observatory images by Joshua Stevens, 

using Landsat data from the U.S. Geological Survey

ALASKA

PATAGONIA

GREENLAND

http://earthexplorer.usgs.gov/


SVALBARD

Kavan et al. (2020)

ANTARCTICA 2021

Photo by Kamil Laska



HIGH LATITUDE DUST AREAS – N EUROASIA

New paper in preparation by Meinander et al. on Merging > 60 new HLD sources



HIGH LATITUDE DUST AREAS 

Vukovic, 2019. Sand and Dust Storms Source Base-map

https://maps.unccd.int/sds/



Sand and Dust Storms Source Base-map for the AMAP report 2021
G-SDS-SBM: HIGH-LATITUDE SOURCES
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Ana Vukovic,2019
https://maps.unccd.int/sds/

SDS index

-includes seasonal variability!



https://icedustblog.wordpress.com/publications/



• HIGH LATITUDE DUST SOURCES (HLD) AND THEIR CONTRIBUTION TO GLOBAL DUST BUDGET

• HLD RESEARCH – UPDATE FROM ICELAND AND ANTARCTICA

• SAHARAN DUST IN ICELAND

• IMPACTS OF ICELANDIC DUST ON ATMOSPHERE AND CLIMATE

HLD TALK OUTLINE



FREQUENCY OF DUST EVENTS

• METHODS: A NETWORK OF 30 WEATHER STATIONS IN ICELAND (1949-2011)

•

• AN AVERAGE OF 34.4 DUST DAYS PER YEAR,

• BUT 135 DUST DAYS PER YEAR INCLUDING  

• “VISIBILITY REDUCED BY VOLCANIC ASHES” + “DUST HAZE”

•

DUST DAY IS DEFINED AS A DAY WHEN AT LEAST ONE STATION

RECORDED AT LEAST ONE DUST OBSERVATION

•



SEASONAL VARIABILITY OF DUST EVENTS

Transport to Europe

Transport to Greenland and Svalbard

• NE ICELAND

“ARCTIC DUST EVENTS”

SUMMER

• S ICELAND 

“SUB-ARCTIC DUST EVENTS”

WINTER-SPRING



• 2021 – ICEDUST ASSOCIATION - 48 INSTITUTIONS, 18 COUNTRIES, 100 MEMBERS, > 60 PAPERS

• 2020 – FIRST OPERATIONAL HLD FORECAST AT THE WMO SDS-WAS

HLD RESEARCH – UPDATE FROM ICELAND

The largest (HLD) dust field campaign, NE Iceland, July-Sep 2021:

European Research Council (FRAGMENT), German Research Foundation 

(HiLDA), NASA (EMIT), French Nat. Res. Inst. (INRAE), the Helmholtz Ass. 

of German Res. Centers (Helmholtz YI Group on Min. Dust), Icelandic 

Centre for Research (Rannís), Czech Science Foundation (GACR)

- 11 institutions

- 6 countries

- >70 instruments

DREAM Iceland (Dust Regional

Atmospheric Model)



INTERNATIONAL HLD FIELD CAMPAIGN 2021



DYNGJUSANDUR DUST CAMPAIGN 
> AN ANALOGUE FOR MARS?

Participants institutions: 
• Barcelona 

Supercomputing Center 

(BSC)

• Environmental Assessment 

and Water Research –

Spanish Research Council 

(IDAEA-CSIC) 

• Technical University 

Darmstadt, Germany

• Freie Universität Berlin

• Karlsruhe Institute of 

Technology, Germany

• CALTECH, JPL, NASA

• National Research 

Institute for Agriculture, 

Food and Environment 

(INRAE), France

• Agricultural University of 

Iceland

• Czech University of Life 

Sciences Prague

https://icedustblog.wordpress.com/2021/08/17/dust-experts-meet-in-dyngjusandur-to-conduct-the-largest-field-campaign-in-iceland/



volcanic sandy deserts (22% of Iceland)

glacial riverbeds and ice-proximal areas = “dust hot spots” 

DESERT AREA with high

erosion rates marked

orange and red!

CAMERA OBSERVATION NETWORK



Field measurements in three 

Icelandic deserts 2020



DUST IMPAIRS AIR QUALITY AT HIGH ATMOSPHERIC ALTITUDES DURING ARCTIC WINTER

Jan 13 2016
100 km

MODIS



Cloud-Aerosol Lidar and 

Infrared Pathfinder 

Satellite Observations 

(CALIPSO)

Cloud-Aerosol Lidar with 

Orthogonal Polarization 

(CALIOP) instrument that 

operates at two 

wavelengths (532 nm and 

1064 nm)



~ 3% of global dust emission from HLD sources

Total atmospheric dust loads in the Arctic: 

Asia (~38%) 

Africa (~32%) 

HLD  (27%)

NORTHERN HLD SOURCES 

AND

THEIR CONTRIBUTION IN THE ARCTIC 

Icelandic dust:

• About 7% of emitted dust is 

deposited in the high Arctic (>80°N)

• Europe deposition

(3% of emitted dust)

LONG-RANGE TRANSPORT OF ICELANDIC DUST?



IS THERE ANY EVIDENCE THAT ICELANDIC DUST HAS REACHED SVALBARD OR EUROPE? 

Source: GRID-Arendal, 2005. Barentswatch Atlas.

?

?

Yes, in Ireland

Yes, in Serbia

Yes, in Svalbard

Volcanic dust travelled > 3000 km



UP TO 71 LONG-RANGE DUST EVENTS FROM ICELAND IN 2020-2021  

A case study

24th October 2019

Cvetkovic B, Petkovic S, 

Dagsson-Waldhauserová 

P , Arnalds O, Madonna 

F, Proestakis E, Gkikas A, 

Vukovic Vimic A, 

Pejanovic G, Rosoldi M, 

Ceburnis D, Amiridis V, 

Lisá L, Nickovic S, Nikolic 

J. Fully dynamic 

numerical prediction 

model for dispersion of 

Icelandic mineral dust. 

Atmospheric Chemistry 

and Physics, to be 

submitted.

24th October 2019



FREQUENCY OF LONG-RANGE DUST EVENTS FROM ICELAND
JANUARY 2020 – FEBRUARY 2021

Bc thesis of Nathalie Burdova



Mean (median) mass concentrations:

PM10 were 6.4 ± 1.4 (3.9 ± 1) μgm−3

PM2,5 were 3.1 ± 1 (2.3 ± 0.9) μgm−3

for the period January-March 2018 

ANTARCTICA MEASUREMENTS

PM10 in Antarctica similar to North Europe!



ANTARCTICA 2021 – preliminary results

Daily concentrations much higher than 6 ug m-3



Icelandic dust has different composition that crustal dust 



DUST FROM ICELAND OR DUST TO ICELAND?

→ 15 Saharan dust events in Iceland in 2008-2020

Giant quartz particles traveling > 4,500 km 



ICELAND 24.4.2019



ICELANDIC DUST MAKES ICE IN CLOUDS
- Icelandic volcanic dust is an active Ice-

Nucleating Particle (INP) similarly to Low 

Latitude Dust (LLD)

- Airborne Icelandic dust sampled from the 

aircraft is more active INP than LLD at 

temperatures above −17°C

- The greatest contribution of Icelandic dust to 

the INP population occurs during the summer 

over large areas of the North Atlantic and 

the Arctic at altitudes between 3-5.5 km, 

where mixed-phased clouds are known to 

occur.

- In future, increased INP concentrations 

would lead to a reduction in supercooled

water and a decrease in shortwave 

reflectivity of clouds to produce a positive 

climate feedback, which has not yet been 

considered in climate simulations
- ice crystals in a mixed-phase cloud makes the cloud instable

- ice phase will grow at expenses of the liquid one, removing the liquid content

- clouds optically thinner, and therefore they have less albedo (less bright).



Severe albedo reduction due dust storms in June 2019 

Courtesy of Andri Gunnarsson, IceDust, Landsvirkjun.

August 2020

Vatnajökull – 7,900 km² glacier in Iceland

Eruptions 2010, 2011

Dust storms 2019



Soot On Snow (SOS) 2013

• VOLCANIC DUST DECREASES SNOW ALBEDO SIMILARLY AS BLACK CARBON

• SOOT DECREASES WATER RETENTION CAPACITY AND DENSITY OF SNOW

‘Dust-albedo effect’ → positive feedback for Arctic amplification



 48 research institutions

 from 18 countries

 100 members

 > 60 scientific papers published

HTTPS://ICEDUSTBLOG.WORDPRESS.COM/

HLD Workshop VI

February 15-16 2022

Reykjavik

CONCLUSIONS



Poland – April 23rd 2019

Dust storms from the agricultural fields in Central Europe



Thank you for your attention!
pavla@lbhi.is

Geldingadalur eruption, 19.3.2021

Waiting for the HLD

Dyngjusandur, NE Iceland

= Bodele of the North


