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OBJECTIVES 

• HIGH LATITUDE DUST SOURCES (HLD) 

• ICELAND AS MAIN CONTRIBUTOR OF HLD AREAS 

• LONG-TERM FREQUENCY AND CLIMATOLOGY OF DUST STORMS 

• PHYSICAL PROPERTIES OF VOLCANIC DUST BASED ON THREE UNUSUAL DUST EVENTS  

  FROM ICELAND 

• OPTICAL PROPERTIES OF VOLCANIC DUST PARTICLES COMPARED TO BLACK CARBON 

• ICELANDIC AEROSOL AND DUST ASSOCIATION (ICEDUST) 

 

 

 

 

 



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) 





ICELAND AND SOURCES OF AIR POLLUTION 
 

• TOTAL ICELANDIC DESERT AREAS COVER OVER 44,000 KM2 

• ICELAND IS THE LARGEST ARCTIC AS WELL AS EUROPEAN DESERT 

•> 40 % OF ICELAND IS CLASSIFIED WITH CONSIDERABLE TO VERY SEVERE EROSION 

WHAT MAKES ICELANDIC DUST SOURCES SO ACTIVE? 

• FREQUENT VOLCANIC ERUPTIONS (+GLACIAL OUTBURST FLOODS “JÖKULHLAUP”) 

• FREQUENT STRONG WINDS 

 



volcanic sandy deserts (22% of Iceland) 

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

                    DESERT AREA LARGER THAN CATALUNYA! 

 Source: GRID-Arendal, 2005. Barentswatch Atlas. 



 
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 

 
 



DISTRIBUTION OF DUST DEPOSITION 

• TOTAL EMISSIONS RANGE FROM 30.5 TO 40.1 MILLION T 

• TWO APPROACHES: 1. DUST EVENT BASED CALCULATION 

                                  2. DEPOSITION RATES (ARNALDS, 2010) 

• LAND DEPOSITION: 25-26 MILLION TONS  

• OCEAN DEPOSITION: 5.5 TO 13.8 MILLION TONS 

• CALCULATED IRON DEPOSITION: 0.56 TO 1.4 MILLION T 

• ICELANDIC GLACIERS: 4.5 MILLION TONS ANNUALLY 
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AVERAGE DISTRIBUTION OF DUST DEPOSITION 

• THE DUST DEPOSITION PER UNIT AREA: 10.4–25.7 T KM-2 YR-1 ON AVERAGE OVER 370,000 KM2 SEA AREA 

> SEA OF WEST OF THE SAHARA IS CONSIDERED ABOUT 10 T KM-2 YR-1 (DUCE ET AL., 1991) 

 

• CALCULATED IRON DEPOSITION: 0.56-1.4 MILLION TONS OVER SEA AREAS  

> ATMOSPHERIC SOURCES OF IRON: 16 MILLION T FE YR-1 (JICKELLS ET AL., 2005)  

 

• BIOAVAILABLE IRON BASED ON 0.02% BIOAVAILABILITY (ACHTERBERG ET AL., 2013)  

> BIOAVAILABLE FE IS 0.04-10 MG M-2 YR-1  
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DISTRIBUTION OF  
DUST DEPOSITION 

• TOTAL EMISSIONS: 30.5 TO 40.1 MILLION T 

 

• TOTAL EMISSIONS: 4.3 ± 0.8 TG 

 



• 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) 





REYKJAVÍK HAZE, SEPTEMBER 11, 2011  

 HVALFJÖRÐUR DUST, MARCH 24, 2012 

DUST FRONT ABOVE HVERAGERÐI, JUNE 15, 2015  



CAMERA MONITORING SYSTEM – 3 MOST ACTIVE DESERTS 



 
 
 

PHYSICAL PROPERTIES OF VOLCANIC DUST BASED ON  
THREE UNUSUAL DUST EVENTS FROM ICELAND 

 

 
 
 
 

1. Extreme wind erosion event of 

Eyjafjallajökull volcanic ash 

September 14-15th, 2010 March 6-7th, 2013 

2. Snow-Dust Storm 3. Suspended dust during moist 

and low wind conditions 

August 12th, 2013 



1. AN EXTREME WIND EROSION EVENT OF EYJAFJALLAJÖKULL 
VOLCANIC ASH IN 2010 

• AEOLIAN TRANSPORT OVER ONE METER TRANSECT > 11,800 KG M-1 

• THIS STORM IS AMONG THE MOST EXTREME WIND EROSION EVENTS 

RECORDED ON EARTH 

• FRESHLY DEPOSITED ASH PROLONGS IMPACTS OF VOLCANIC                    

ERUPTIONS 
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2. A SNOW-DUST STORM 
 
 

 
 
 
 

Kirkjubæjarklaustur                     Reykjavík (250 km from the source) 



 
 
 
 
 

 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 



3. SUSPENDED DUST DURING MOIST AND LOW WIND CONDITIONS 

 
• DUST EVENT AS RESULT OF SURFACE HEATING IN AUGUST 2013 

• Max particle number concentration (PM~0.3-10 µm) reached 149,954 particles cm-3 min-1 while 

mass concentration PM10 was 1757 µg m-3 min-1  

• THE PARTICLES WERE MAINLY OF THE CLOSE-TO-ULTRAFINE SIZE  (highest number of particles 

in size range 0.3-0.337 µm) 

• ~ 80 % of the glaciogenic dust is volcanic glass (with bubbles) rich in heavy metals 

• WET DUST PARTICLES WERE MOBILIZED WITHIN < 4 HOURS 

 

 

 

L: The surface exposed to solar radiation for four hours   R: Surface heating resulted in cloud formation and upward air motion 

Source: Dagsson-Waldhauserova et al., 2014. Physical properties of suspended dust 

 during moist and low-wind conditions in Iceland. Icelandic Agric. Sci. 27, 25–39. 

Mælifellssandur dust storm iniciation 

during dry summer 2012, © Oli Arnalds 
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 AIR BORNE MEASUREMENTS WITH LOAC  

(LIGHT OPTICAL AEROSOL COUNTERS) 



 

•  The number concentration exceeded 200 particles cm-3 at altitude of 1 km and 60 particles cm-3 at altitude of 5 km 

(at least 5 times higher than during background conditions) 

•  The particles were < 3 µm in size at altitudes >1 km while largest particles, up to 20 µm, were detected close to the 

ground 

• Such high number concentrations in several km height were captured by LOAC during a typical Saharan dust plume.  



OPTICAL PROPERTIES OF VOLCANIC DUST PARTICLES 
COMPARED TO BLACK CARBON 

 
 

CRYOSPHERE – ATMOSPHERE INTERACTIONS 
 





IMPURITIES ON SNOW 

BC 

Dust 

Algae 



 
 
 
 

SOOT ON SNOW PROJECT IN LAPLAND  
SOS 2013 

 
FIELD EXPERIMENTS COMPARING THE ABSORBING IMPURITIES DEPOSITED ON SNOW 

 

 
 
 
 





 
 
 
 

SPECTRAL REFLECTANCE AT THE TIME OF THE DEPOSITION 
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CLUMPING MECHANISM 
 

SILT 

SOOT 



REFLECTANCE MEASUREMENTS TWO WEEKS AFTER THE DEPOSITION 

soot vegetation under snow glaciogenic silt 

snow volcanic sand volcanic sand in laboratory 



Soot On Snow (SOS) 2013 

• VOLCANIC DUST DECREASES SNOW ALBEDO SIMILARLY AS BLACK CARBON 

• IN LAB, VOLCANIC DUST IS AN EXTREMELY ABSORBING AEROSOL  (SR=0.03) 

• SOOT DECREASES WATER RETENTION CAPACITY AND DENSITY OF SNOW 

 



HTTPS://ICEDUSTBLOG.WORDPRESS.COM/ 



CONCLUSIONS 

• ICELAND IS THE LARGEST EUROPEAN AND ARCTIC DESERT 

• DUST DAY FREQUENCY IS COMPARABLE TO THE MAJOR DESERTS OF THE WORLD 

• ICELANDIC DUST IS DIFFERENT TO CRUSTAL DUST 

•  THE MOST EXTREME DUST EVENTS 

•  OPTICAL PROPERTIES ARE SIMILAR TO BLACK CARBON 

•  IT IS VERY FINE AND SHARP 

• DUST IN ICELAND CAN: 

1. PROLONG THE EFFECTS OF VOLCANIC ERUPTION 

2. CONTRIBUTE IN A SNOW-DUST STORM  

3. BE SUSPENDED DUST DURING MOIST AND LOW WIND CONDITIONS                

 

 

 

 



THANK YOU FOR YOUR ATTENTION! 

Snow does not give limitations for dust suspension! 
Cold times, dusty times!  

MODIS Aqua, S Iceland, January 13, 2016 

pavla@lbhi.is 
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