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Government organization — National
weather service. Founded in 1920;
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130 employees
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Bac kg round Icelandic Met

Education
BS-Physics, University of Iceland 1982

PhD-Geophysics, Oregon State University 1991
- Paleomagnetism of deep-sea sediments

Work
1981-1984 High school physics teacher

1984-1991 Graduate geophysics student at At Oregon State University, Corvallis, June 16. ”
College of Oceanography, Oregon State g . P
University, Corvallis

1991-1996 Geothemal reservoir physics

Since 1996 IMO: Weather station operations -
Lightning obs. & res. — Weather data base -
Web - Avalanche risk assessment

Current responsibilities

\‘:‘e;;\ -
Radars - Aurora - Lightning — Volcanics At Washington Park Zoo, Portland, March 1987.
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Charge generation in volcanic plumes gﬁigdicMe’t

A‘v

Electric charge can be generated by various processes
magma-water interactions
fractoemission — magma fracturing into ash
triboelectrification - collisions of ash-grains
plume water freezing — thunderstorms

It is difficult to distinguish between these proposed charging
processes in real volcanic plumes

All processes are possible — and more powerful eruptions are
expected to produce more charge generation for all processes

In situ observations are (almost) impossible

Controlled laboratory experiments that generate electric charge,
never fully represent the conditions in the more complicated
natural setting

More than one process may be responsible for the observed
volcanic lightning



Is there more than one type of Icelandic et

volcanic lightning? “C

Observers sometimes notice two distinct types
Frequent small sparks (~100 m) close to the vent
Whole-plume (5-10 km) thunderbolts

Lightning outside or on the edges of plumes are more easily
observed visually than the ones deep inside the plume



Magma-water interactions {;,‘3,222““'“‘"‘
o 4

electric charge generation was by Volta in
1782, where he mentions lightning during the
dreadful eruption of Mt. Vesuvius in 1779. He
demonstrated that by pouring water on hot
surfaces one could generate electric charge.

) =

Alessandro Volta (1745-1827)

He concluded that there would
be sufficient water in volcanic
eruptions to produce the
electricity for the observed
plume lightning.

Volta, A. (1782), Del modo di render
sensibilissima la piu debole elettricita sia
naturale, sia artificiale (Of the method of
rendering very sensible the weakest natural
or artificial electricity) (in Italian w. English
translation), Philosophical Transactions, 72, ,;!‘,‘
237-280 (vii-xxxiii),
doi:10.1098/rstl.1782.0018

Lightning in the plume of Mt. Vesuv'iVUS 8 August 1779.
Oil painting by J. P.“"Hackert (1737-1807)




Fragmentation and collisions of

ash particles
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Fractoemission

Fragmentation of material (e.g. gas-rich magma) into ash is
powerful in generating electric charge in laboratory experiments

Triboelectrification

Charge separation after contact between particles of different

properties

Inductive charging

Small suspended grains
polarized by external electric
field may also get charged by
collisions

tH+ bt

Initial State

e R R e R R R

Collision Repolarization

From Pahtz et al. (2010)






Cause of Surtsey volcanic lightning Icelandic Mt

A‘v

Hreyfingin 1 efri hluta gosskysins er mjog dpekk pvi, sem gerist
i prumuskyjum, svo ad xtla md ad somu orsakir geti framkallad
eldingar { bddum pessum tilfellum. Annars eru menn ekki 4 eitt
sattir um, hver sé frumorsok eldinganna i venjulegu prumuskyi,
en 4 einhvern hitt skiljast rafhledslur ad, pannig ad efri hluti
skysins fer jdkvada rafhledslu, en nedri hlutinn neikveda. Sumir
telja ad adgreiningin eigi sér stad par, sem vatnsdropar og frosid

- 3 i 7 Vi Fe13 Gy ¢
hagl pyrlast saman { uppstreymi skysins. Eftir snertingu vid haglid 13:20 1580 RE) 1420 14:40 c +350° -5 M. ..
fdi hinir smdgerdu vatnsdropar jdkvaeda rafhledslu og berist upp ). mynd. Had gosskysins yfir Surtsey 1. desember 1968. — Fig 1. Height of top Prof. Porbjorn Sigurgeirsson
med skyinu, en haglid flytji neikvatt rafmagn nidur. of the volcanic cloud at Surtsey on December Ist, 1963.

(1917-1988)
“The movement in the upper part of the volcanic cloud is very similar to the one in

thunderclouds, so one may expect the same processes to cause lightning in both.

Some believe the separation [of charge in thunderclouds] occurs where water drops and
frozen hail swirl together in the updraft of the cloud. After contact with the hail, the
small water drops get positive charge and are carried aloft with the cloud, while the hail
transports negative electric charge downward.” (translation PA)

Sigurgeirsson, b. (1966), Jardedlisfraeedirannsoknir i sambandi vid Surtseyjargosid
(Geophysical research in connection with the volcanic eruption at Surtsey),
Natturufraedingurinn, 35(4), 188-210, (in Icelandic).
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Electrification in meteorological Icelandic Met

thunderclouds
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Charge per event, fC

+0.50 A

+0.25 1

-0.25 A

B .' - Water droplets

T v T T v Ice crystals
-4 -8 A2 -16 ) . 24 ;

Temperature, °C

Jayaratne, Saunders & Hallett (1983)

"2 . P
Due to their small size, cloud droplets -.“: e
stay supercooled well below 0°C.
Usually they freeze at —15° to —-20 C

Both the polarity and charge
generation efficiency of a falling
graupel appears to be temperature ST
dependent Rakov & Uman (2003)
The temperature controls freezing of

cloud droplets, charge generation and
charge distribution in thunderclouds
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General charge structure of Icelandic Met
meteorological thunderclouds -
@ Qp=40C

20 @ Qy=-40C

. Bl @ Jra=sc

Height, km
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Rakov & Uman (2003)

Winter
storms

Adapted from Krehbiel (1986)
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Vertical electric field gfeéa:gdicMet

from volcanic lightning “C

co
o

Vertical electric field observed in i si0i1.02 025651 |
Reykjavik, 220 km distance to | ‘
Grimsvotn. Proxy: Two horizontal
circular 40 cm plates 3.5 cm apart.
Electric potential (mV) recorded

& o)
o o

Vertical electric potential (mV)
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Three characteristic types of e

waveforms were observed during ' e e 214411888 |

Intracloud CC

the Grimsvotn 2004 eruption:
Cloud-to-Ground lightning (46%),
Intracloud lightning (50%), and
Precursors (4%).
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Eyjafjallajokull eruption. Photo bdrdur Arason, 17 April 2010 at 16:35 UTC.




Lightning locations using the

Icelandic Met

- Office
UK Met Office ATDnet -
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%y,
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@Gibraltar
oy, Akrotiri@

Arason, P., A. J. Bennett & L. E. Burgin (2011), Charge mechanism of volcanic lightning revealed during the

2010 eruption of Eyjafjallajokull, Journal of Geophysical Research, 116, BO0OCO03,

doi:10.1029/2011JB008651
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Altitude of the 500 hPa level Icelandic Met

Proxy of "mean” temperature 0-6 km Office
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Arason, Bennett & Burgin (2011), J. Geophys. Res., (Fig. 9)




Altitude of isotherms above the volcano !IelandicMet

- - gum Office
from UK Met Office Unified Model ~"
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Arason, Bennett & Burgin (2011), J. Geophys. Res., (Fig. 11)
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Lightning & plume-top temperature
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son, Bennett & Burgin (2011), J. Geophys. Res., (Fig. 13)



Lightning, plume-top altitude Icelandic et

and the -20°C isotherm -~
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Arason, Bennett & Burgin (2011), J. Geophys. Res., (Fig. 12)
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Lightning rate vs.
plume-top temperature -y
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Number of lightning per 6h
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Arason, Bennett & Burgin (2011), J. Geophys. Res., (Fig. 15)
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Critical temperature: —20°C to -24°C Icelandic Met

Office
A
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Arason, Bennett & Burgin (2011), J. Geophys. Res., (Fig. 16)
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Eyjafjallajokull eruption
April 2010

Plume lightning seen from a distance of 72 km
Notice the characteristic fibrous anvil shape of the plume top

Photo Pérdur Arason 17 April 2010 at 04:47:09
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Scrubbing of fine ash
<

Dominant water phase Aggregates freeze in T TN g g "y Upper level
B lce cold outer margins ! “\_ < winds
Liquid of plume N ¥,
I Vapour L ‘\|
’,' A fraction of erupted Y’
\ ash remains aloft, 2
N not detected by radar )
\\ \/l
l' !
Wet aggregation ‘
of ash particles Lower level
P Rapid fallout of i
ash aggregates ' -
o

Layers grow
from recycling
into warm updra

O

—20 °C isotherm

............. Warm, rising A
eruption plume :
1
2 Sustained 'a' Waning
eruption Abundant fine ash

| deposited near source

:
' _ eruption : ii i
as aggregates
Stage iii

Stage i Stage ii
Van Eaton, A. R., L. G. Mastin, M. Herzog, H. F. Schwaiger, D. J. Schneider, K. L. Wallace & A. B

Clarke (2015), Hail formation triggers rapid ash aggregation in volcanic plumes, Nature
27
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Ash-infused hail - Eyjafjallajokull
22 April 2010

G
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Ash-infused hail on the glacier about 5 km east of the Eyjafjallajokull crater
Photo Thor Thordarson 22 April 2010




— 15 km

Photo Bolli Valgardsson 21 May 2011 at 19:20




Located lightning 21-28 May 2011

Icelandic Met

Office A}v

<

=

Tt

30




I ] Icelandic Met
Lightning rate Icelandic Me

Oscillations became evident during real-time monitoring A{
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Plume-top altitude ioc S Het
30 minute mean values A‘v
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Flow rate Icelandic Met
Calculated using Mastin et al. (2009) Office
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3 k‘m from Grimsvotn crater

Hagl-01: Grimsvotn 2011 ash section 3 km from the crater
Photo POrdur Arason 11 June 2011



Total mass 1262 g - oW \\“"‘?_\f\'\\ \A 2
ice 499N ¥ N\ ™
ash (<1.68mm) 46% B

gravel 5%

Hagl-02: Chunk of ash-infused hail, 6.2 km from crater
Photo Pérdur Arason 11 June 2011




Occurrence of ash-infused hail Icelandic Met

Office
at five sites M
Hagl-01 3.0 / SSW >300 (190) 34 23
Hagl-02 6.2/S 109 27 13
Hagl-03 4.2 /| WSW 80 0
Hagl-04 1.8 / SSW ? (90) 48

Hagl-05 1.9 / SSE 45 7 36
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Scale:
1 mm between ticks

5, A 5& |
Grimsvotn 2011 - Hagl-02
Macro-photo bérdur Arason 11 June 2011
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Grimsvotn 2011 - Hagl-

dur Arason 11 June 2011

photo Por

Macro-



Grimsvotn 2011 - Hagl-02
Macro-photo bérdur Arason 11 June 2011




Grimsvotn 2011 - Hagl-01
Macro-photo bérdur Arason 11 June 2011



Grimsvotn 2011 - Hagl-02
Macro-photo bérdur Arason 11 June 2011



Hail size distributions gfeéacgdicMet

A‘v

30-' Hagl-01 -
i Hagl-02 - - -
. 1 Hail sizes were estimated
Bl 1 from several photos of layers
s | I of in-situ hail
& T =]
50l ] _
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Utilization of volcanic lightning Icelandic Met

A‘v

Long-range lightning location systems (mainly useful at high
latitudes where meteorological thunderstorms are infrequent)

Verification of the onset of an eruption

Location of vent within volcanic complex

High T-P chemical factory
Mix air, water and ash (all the chemical elements)

High temperature and pressure for a brief time: Temperature of
30,000 K and pressure of 1 MPa (10 atm)

Each lightning channel ~100 m3

May produce useful molecules for life on Earth

45



Estimation of eruption site location gfe[ﬁgdicl:let

using volcanic lightning M

Grimsvotn 2011

30 min ) m\'
356h

1 km

Pordur Arason, Gudrun Nina Petersen & HaIIdor Bjornsson (2013), Estimation of eruption site
location using volcanic lightning, Report Vi 2013- 006, Vedurstofa Islands Reykjavik, 15 pp.
(www.hergilsey.is/arason/rit)
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Arctic Tern (Kria) in Flatey island. Photo bérdur Arason, August 2016.
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Pordur Arason (2016), Earth, Water, Wind and Fire — On the Charge
Generation of Volcanic Lightning, Presentation at the USGS

Cascades Volcano Observatory, Vancouver, Washington, 7
December 2016.

A few different processes that have been proposed as the cause for electric charge
generation in volcanic plumes will be discussed. Observations during the Eyjafjallajékull
2010 eruption in Iceland suggest that the charge generation for large whole-plume
thunderbolts may have been analogous to the one in meteorological thunderstorms,
where hail plays a significant role in both the generation and separation of charges within
the cloud. At the top of plumes where ambient temperatures may reach -20° to -50°C,
fine ash particles may provide ample nuclei for condensation and ice growth. The
occurrence and properties of hail in preserved deposits will be shown for the
Eyjafjallajokull 2010 and Grimsvotn 2011 eruptions. In addition to charge generation,
ash-infused hail may supply a vessel for fine grained ash to be scrubbed prematurely
from plumes and deposited close to the volcano.
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