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HIGH LATITUDE DUST AREAS

Updated paper on HLD sources in progress by Meinander et al.



~ 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 



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 

- No long term measurements for PM>1μm

- Patagonian dust detection

- Mission Ant. summer 2019 failed

- Get ready for mission 2020

Surface measurements are crucially

needed as shown in Antarctica.

PM10 in Antarctica similar to North Europe!
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5 t km-2

500 t km-2

DUST DEPOSITION
FROM ICELAND

• TOTAL EMISSIONS: 30.5 TO 40.1 MILLION T

• TOTAL EMISSIONS: 4.3 ± 0.8 TG



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



• Ocean deposition was on average 2.5 Tg or 

58% of annually emitted dust

• Smaller fractions of emitted dust ended up in 

Greenland (2 %) and Svalbard (< 0,1 %)

• About 7% of emitted dust is deposited in the 

high Arctic (> 80° N)

• Europe deposition (3% of emitted dust)

Where does the Icelandic dust travel?



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 CODES “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



AN EXAMPLE OF WINTER DUST STORM

Snow-Dust Storm



A SNOW-DUST STORM Kirkjubæjarklaustur Reykjavík (250 km from the source)

• Mean (median) PM10 concentration during 

24-hour storm ~ 1,281 (1,170) µg m-3

• Max one-minute PM10 concentration ~ 6500 µg m-3



A SNOW-DUST STORM

Mineral and geochemical composition:

• 75% ~ volcanic glass

• SiO2 45%, FeO 14.5%, TiO2 3.5%

• high proportion of organic matter and diatoms

• very fine pipe-vesicular structures of glasses 



A SNOW-DUST STORM

Clumping mechanism of particles on snow 

the first observation reported from natural conditions

Clumping mechanism during SoS experiments in 2013



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
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DUST IMPAIRS AIR QUALITY AT HIGH ATMOSPHERIC ALTITUDES DURING ARCTIC WINTER

Jan 13 2016
100 km

MODIS



AIR BORNE MEASUREMENTS WITH LOAC 2013-2016

(LIGHT OPTICAL AEROSOL COUNTER)

• LOAC can determine aerosol concentrations in 19 size classes (0.2 and 100 mm) and to estimate their typology 

(Renard et al., AMT, 2016)

• Measurements at 2 scattering angles :

~12°, insensitive to refractive index of the particles (mainly diffraction) => accurate size determination and counting

~60°, strongly sensitive to the refractive index of the particles => indication of the nature of the particle (typology)



• The number concentration exceeded 40 particles cm-3 (10  µgm-3) at altitude of 1 km

• Liquid particles at 500 m 

7 NOV 2013

Surface wind 8 ms-1, surface PM10>100µgm-3, mixed showers



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)

How high can be the dust plume?
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SO2(g)

Dust particles scavenge efficiently NO2 acting as transported media 

of surface nitrites and nitrates.

Dust particles convert NO2 to HONO (nitrous acid), a very important 

precursor of OH radicals (HONO is photolysed during day time 

producing OH and NO)

SO2 is scavenged very efficiently on dust particles to form sulfites 

and sulfates. Therefore, the acidity of the particles can change as 

well as the hygroscopic and optical properties. 

Urupina et al. (2019)

Romanias et al., submitted J. Env. Sci.

Volcanic dust impacts on atmospheric chemistry



SANDSTORMS AND TRAFFIC SAFETY IN SOUTH ICELAND

0

1

2

3

4

Slys eða óhöpp í sandfoki

Accidents due to dust weather reported by police



First HLD operational forecast under WMO SDS-WAS

Officially launched in 2020



DREAM Iceland (Dust Regional Atmospheric Model)

- See poster of Cvetkovic, Nickovic et al.

Nickovic et al., 2001

http://www.seevccc.rs/?p=8
Operational forecast

Soon part of the WMO Sand/Dust Storm forecasts

http://www.seevccc.rs/?p=8
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HTTPS://ICEDUSTBLOG.WORDPRESS.COM/

HLD Workshop V

February 10-11 2021 

-free entrance, everybody welcome!

Thank you for your attention! 

pavla@lbhi.is


