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HIGH LATITUDE DUST AREAS
QAGU

4 S
Reviews of Geophysics ok
REVIEW ARTICLE High-latitude dust in the Earth system
10.1002/2016RG000518 ; , ) o, o
Joanna E. Bullard’, Matthew Baddock’, Tom Bradwell, John Crusius®, Eleanor Darlington’,
Key Points: Diego Gaiero”, Santiago Gassé6>, Gudrun Gisladottir®, Richard Hodgkins', Robert McCulloch?,
- High-latitude dust sources are located Cheryl McKenna-Neuman’, Tom Mockford®, Helena Stewart?, and Throstur Thorsteinsson®

in paraglacial regions =50°N and >40°S

* 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 KM?

 CONTRIBUTION OF 80 — 100 TG YR-' OF DUST TO THE EARTH SYSTEM (~5% OF THE GLOBAL
DUST BUDGET)
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MODIS Terra image 26 February 2011 showing multiple dust plumes being transported over the Gulf of Alaska.
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Figure 18. (left) MODIS Aqua image 28 March 2009 showing multiple dust plumes in Patagonia caused by strong westerly
winds extending over the south Atlantic. The most dense plume originates from the Colorado and Negro River mouths
in the north which were particularly active in 2009 due to combined drought and poor rangeland management. (right)
Aerial photograph of dust storm in October 2004 caused by winds gusting to 29 m s at San Sebastian Bay, Tierra

del Fueao. 800 km south of Comodoro Rivadavia

Figure 9. Dust event at Kangerlussuaq, SW Greenland, 1 July 2014. Phot



—" ICELAND AND SOURCES OF AIR POLLUTION -

* TOTAL ICELANDIC DESERT AREAS COVER OVER 44,000 KM?

* [CELAND 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 OQUTBURST FLOODS “JOKULHLAUP”)

* FREQUENT STRONG WINDS

Aeolian Research

e sy

s+ S |
journal homepage: www. elsavier.com/lacate/asalia --—*

Rew I

The Icelandic volcanic aeolian environment: Processes and impacts — A @wn

review

Olafur Arnalds ®**, Pavla Dagsson-Waldhauserova ““%, Haraldur Olafsson
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volcanic sandy deserts (22% of Iceland)

Dominating air currents

Landeyjaa dur: . o .
Severe erosion o
- Extremely severe erosion ¥ o

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

Source: GIiIB—Arendcl, 2005. /

Barenfswcfch Alkas.




\/ Atmos. Chem. Phys.. 14, 13411-13422, 2014 Atmospheric
www.atmos-chem-phys.net/14/13411/2014/ .

doi:10.5194/acp-14-13411-2014 Chemistry
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REQUENCY OF DUST EVENTS

Long-term variability of dust events in Iceland (1949-2011)

' , 4
DO wisibility (NE) P. Dagsson-Waldhauseroval2, O. Arnalds!, and H. Olafsson>3-*
300 | T | DD visibiilty (S+NW) |45
Bl 0.5 Days S+NW-lcelana =
| [aOE Days NE-lcelana AN AVE RAGE OF 34.4 DUST DAYS PER YEAR,
250| | BUT 135 DUST DAYS PER YEAR INCLUDING
i 140 “VISIBILITY REDUCED BY VOLCANIC ASHES” + “DUST HAZE”
200+ _- 1 “‘ SW winds towards the Arctic
- ‘\‘ 1033 dust days
" r 135 féx “‘
) -
(i1 o
O 150} i 2z
= o
o Iz
I {30 2
100+ .
- s TSRS - =
50 . RS e
- Utte o7 mo fr’:‘(l“
— Py
U 2[] - Extremely severe emson e : )
19505 196805 1970s 19805 1990 2000s N winds towards the N-Atlantic Ocean and Europe

1153 dust days

Decade

$s900y uadQ



-
\/’ SEASONAL VARIABILITY OF DUST EVENTS
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Atmos. Chem. Phys., 17, 10865-10878, 2017 Atmospheric
A 10515 b | 1602032014

https://doi.org/10.5194/acp-17-10865-2017 H g

' Wl 1 . @ D I S T R I B U T I O N O F © Author(s) 2017. This work is distributed under Chemistry ( EGU
* "'"""'":ﬁ"‘l'”* LC Alribakion 3.0 Lictse. the Creative Commons Attribution 3.0 License. and PhySICS 2

= DUST DEPOSITION —
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Quantification of iron-rich volcanogenic dusi emissions and Temporal and spatial variability of Icelandic dust emissions
deposition over the ocean from Icelandic dust sources and atmospheric transport
0. Arnalds', 11 (daBson’ 4, and 7 Dogsson-Waldbauserova' - Christine D. Groot Zwaaftink!, Olafur Arnalds2, Pavla Dagsson-Waldhauserova?3#, Sabine Eckhardt!,

Joseph M. Prospero’, and Andreas Stohl'
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Figure 12. Time series (1990-2016) of modelled dust deposition
(Tg}*r_]] in specific regions. Note that Iceland also includes depo-

1990 1995 2000 2005 2010 2015

sition on Icelandic glaciers.

* 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)



Contents lists available at ScienceDirect x o \_/

SPLANETAY
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Earth and Planetary Science Letters

www.elsevier.com/locate/epsl

Pathways of high-latitude dust in the North Atlantic

Matthew C. Baddock®*, Tom Mockford ¢, Joanna E. Bullard ¢, Throstur Thorsteinsson ”
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Fig. 2. Trajectory line density (% of trajectories per 1° x 1° cell) for 72 h simulations run at a 100 m start height from Grimsstadir for all days 1992-2012 (A), and dust
observation days only (B), from Vatnsskardshélar for all days 1992-2012 (C), and dust observation days only (D). See Fig. 1 for trajectory start points.
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JﬁéEE MOST UNUSUAL DUST EVENTS OBSERVED AND MEASURED

L
1. Extreme wind erosion event of

NShew:Dust:Storm 3. Suspended dust during moist
Eyjafjallajokull volcanic ash

and low wind conditions

fEpite vy

4 15th August 12th, 2013

ICEL. AGRIC. SCI. 27 (2014), 25-39
Contents lists available at ScienceDirect
Aeolian Research
) ) : e Physical properties of suspended dust during moist
journal homepage: www.elsevier.com/locate/aeolia ~ b - S P
and low wind conditions in Iceland

An extreme wmd erosion event Of 'he Snow-Dust Storm: Unique case study from Iceland, March 6-7, 2013 @Cmsm PAVLA DAGSSON-WALDHAUSEROVA. OLAFUR ARNALDS.! HARALDUR OLAFSSON, 4
fresh EY|0f|O"O|OkU" 20] o VO|C0mC Osh Pavla Dagsson-Waldhauserova *>**, Olafur Arnalds?, Haraldur Olafsson ™, Jindrich Hladil, LENKA SKRABALOVA,® GUDMUNDA MARIA SIGURDARDOTTIR, MARTIN BRANIS,
Chour Armokds’, B Fydko Thosarimadoriv’, Joharn Tharsso?, Rovio Dugason Wakdhowseroes Roman Skala®, Tomas Navratil ¢, Leona Chadimova®, Outi Meinander '
& Arrc Moro Agusdoms

|Il- JINDRICH HLADIL,” ROMAN SKALA,* TOMAS NAVRATIL,* LEONA CHADIMOVA,®
SIBYLLE VON LOWIS OF MENAR,® THROSTUR THORSTEINSSON,” HANNE KRAGE CARLSEN,*
AND INGIBJORG JONSDOTTIR’
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N EXTREME WIND EROSION EVENT OF EYJAFJALLAJOKULL
VOLCANIC ASH IN 2010

e AEOLIAN TRANSPORT OVER ONE METER TRANSECT > 11,800 KG M-!

* THIS STORM IS AMONG THE MOST EXTREME WIND EROSION EVENTS
RECORDED ON EARTH

* FRESHLY DEPOSITED ASH PROLONGS IMPACTS OF VOLCANIC
ERUPTIONS

Moderate events

-
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soor | - e

_ _ 0,5-1 mm
Bl N ;o =02505mn
I i W0,125-0,25mm

M An extreme wind erosion event of the 90,063-0,125mm

~ fresh Ey|of|ollo|okull 2010 volcomc ash

Ohafur Armoids ', Bim Fydo Therormadonts®, Joharn Tharsson”, Pavio Doguion Wiokdhouserowo
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Contents lists available at ScienceDirect

Aeolian

L
2. A SNOW-DUST STORM
- Snow-Dust Storm: Unique case study from Iceland, March 6-7, 2013 @CmssMark

o/ Pavla Dagsson-Waldhauserova *”#*, Olafur Arnalds?, Haraldur Olafsson bed indrich Hladil €,
) ) 3 Roman Skala®, Tomas Navratil ¢, Leona Chadimova®, Outi Meinander'
* Max one-minute PM,, concentration ~ 6500 ug m-

* Mean (median) PM,, concentration during 24-ho
storm ~ 1,281 (1,170) ug m™3

Aeolian Research

journal homepage: www.elsevier.com/locate/aeolia

i
A
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Mineral and geochemical composition:

* 75% ~ volcanic glass

* SiO, 45%, FeO 14.5%, TiO, 3.5%

* high proportion of organic matter and diatoms
* very fine pipe-vesicular structures of glasses

‘ i . : _ 4.”?';,? P tad
Clumping mg‘qhqql m

AR

the first observatio

SEM MAG: 100,0,3:‘HV: 20.0 kV WD: 18.6 mm
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Tuc Cryosphere, 9. 2323 2337, 2015
bt o VA The Cryosphere
N = T Cryosphee, B, 991095, 2014
© Aumhoris) 2015 CC Atmbuian 3 O License o o n n ow . fhe-cryoephere met BT 1014 rhe Crvoscher
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Soot on Snow experiment: bidirectional reflectance factor :
messmrementssof centaniianted smow v o Bricf communication: Light-absorbing impurities can reduce the
. e = density of melting snow

1L Peltomiemi’~, M. Gritsevich’~ %, T. Hukala', P. Dagsson _\\lldlunsmn.i ST, 00 Arnalds”, K. Anttila' 7,
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* VOLCANIC DUST DECREASES SNOW ALBEDO SIMILARLY AS BLACK CARBON

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

* SOOT DECREASES WATER RETENTION CAPACITY AND DENSITY OF SNOW el N S
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\_/3/ SUSPENDED DUST DURING MOIST AND LOW WIND CONDITIONS

——

DUST EVENT AS RESULT OF SURFACE HEATING IN AUGUST 2013

S
Max particle number concentration (PM~0.3-10 Um) reached 149,954 particles cm™3 min"! while

mass concentration PM,, was 1757 gg m3 min‘!

THE PARTICLES WERE MAINLY OF THE CLOSE-TO-ULTRAFINE SIZE (highest number of partficles =
in size range 0.3-0.337 um) R at®

~ 80 % of the glaciogenic dust is volcanic glass (with bubbles) rich in heavy metals Mealifallsseitielor dist stornr Hicrat on
during dry summer 2012, © Oli Arnalds -

WET DUST PARTICLES WERE MOBILIZED WITHIN < 4 HOURS

: 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 O)
during moist and low-wind conditions in Iceland. Icelandic Agric. Sci. 27, 25=39¢ /
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Article
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The Spatial Variation of Dust Particulate Matter
Concentrations during Two Icelandic Dust Storms

in 2015

Pavla Dagsson-Waldhauserova 1:23:% Agnes Osp Magnusdottir !, Haraldur Olafsson 24 and

Olafur Arnalds !

atmosphere

L

PNy (g m™) PM, (pg m”
162 97
168 29
169 102
414 181
1260 241
405 108

«6
Reykjavik

[V I S YR S

Selfoss

N}

Table 1. Particulate matter concentrations PMi1s (ugm=®) for both storms. Ratios between different PM values are given.

/AN
PM1 PM:s PMa4 PMuo Total (PMai3) PlffP\Ym PMzs/PMn P ﬂsz.s PMy/PMs PMyPMw PMio/PMis
Average Average Average Average Average atio Ratio Ratio Ratio Ratio Ratio
Storm 1
1 97 109 130 158 162 0.61 0.69 0.89 0.75 0.82 0.98
2 99 110 130 158 168 0.63 0.70 0.90 0.76 0.82 0.94
3 102 114 137 163 169 0.63 0.70 0.89 0.74 0.84 0.96
4 181 201 248 354 414 0.51 0.57 0.90 0.73 0.70 0.86
5 241 263 322 583 1260 0.41 0.45 0.92 0.75 0.55 0.46
6 108 118 142 224 405 0.48 0.53 0.92 0.76 0.63 0.55
Storm 2
1 11 12 14 29 71 0.48 0.53 0.92 0.76 0.63 0.55
2 4 4 5 7 10 0.38 0.41 0.92 0.79 0.48 0.41 -/
3 12 13 16 29 42 0.57 0.57 1.00 0.80 0.71 0.70
4 57 61 74 162 383 0.41 0.45 0.92 0.75 0.55 0.69
5 164 174 206 486 1600 0.35 0.38 0.93 0.77 0.46 0.42 \ /
6 128 140 177 318 436 0.34 0.36 0.94 0.80 0.42 0.30
7 35 39 48 87 143 40 0.44 0.9 0.72 0.56 0.73
A\ N _

o



Frequency and origin of dust events in

Fljétshlid, South Iceland, in 2017

Myrdalssandur - vestur

KI. 06:47 - fim. 1. jan. 2017
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KI. 07:17 - fim. 1. jun. 2017

Myrdalssandur - austur

Kl. 07:22 - fim. 1. jun. 2017
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Kl. 08:02 - fim. 1. jan. 2017

KI. 08:25 - fim. 1. jan. 2017

Date of PM1/PM1o PM2s/PMao PM1/PM2s PM1/PMas
dust event

1.6. 0.33 0.35 0.93 0.76
29.7. 0.44 0.46 0.95 0.83
23.-24.8. 0.58 0.61 0.95 0.84
31.8. 0.46 0.47 0.96 0.79
31.10.-1.11. 0.41 0.41 0.99 0.90
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Icelandic Aerosol and Dust Association (IceDust)
Rykrannséknafélag Islands (RykIS) J

Home  About Whoweare? Pastevents ( Publications )Contact Open positions  Witnessed a dust storm?

Search for topic on
IceDust

.
0
- h Dust Storms in
Iceland
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NOVEMBER 29, 2017

JANUARY 18, 2018

THE 2nd The Frontiers open new [pternational Upcoming Dust Events
ICEDUST WORKSHOP Reseal‘ih Topllg on conference on High S :
Aerosol in cold regions 3 . e nternationa
dcr here — gC 11 Latltlld? D_uSt Workshop on Sand / Dust
AL CLYOSTHELE 2 in Reykjavik storm and Associated
for papers Dustfall

hitp://dustworkshop9.net/

European Geosciences Union
General Assembly 2018

Vienna | Austria | 8~13 April 2018

EGU.eu }

HTTPS://ICEDUSTBLOG.WORDPRESS.COM/ IE2.7/AS3.6/BG1.10/CL2.24/CR8.7 Media

Atmosphere - Cryosphere interaction with focus on transport, deposition and effects of dust, black
carbon, and other aerosols (co-organized)

Convener: Pavla Dagsson Waldhauserova Q,
Co-Conveners: Outi Meinander Q, Biagio Di Mauro Q, Marie Dumont Q,, Chris Williamson Q,, Krzysztof Zawierucha Q,
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2 CONCLUSIONS

* |ICELAND IS THE LARGEST EUROPEAN AND ARCTIC DESERT

* [CELANDIC DUST IS DIFFERENT TO CRUSTAL DUST
* THE MOST EXTREME DUST EVENTS
* OPTICAL PROPERTIES ARE SIMILAR TO BLACK CARBON
* IT IS VERY FINE AND SHARP




Biskupshals - nordur vearisk. 1950 SA 16 m/s 6°C  Biskupshals - nordur vesrioki.20:50 SSA 22 m/s 5°C
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