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Lab study of Iceland Volcanic Ash

Does volcanic ash acts as Ice Nuclel?

April 2010 eruption of Eyjafjallajokull (or E16)

« Volcanic ash was investigated for ice nucleation
efficiency (active fraction) at various humidity
and temperatures, and analyzed for ice residue
chemical composition.

« Active fractions were compared with surrogate
atmospheric dust Arizona Test Dust (ATD) active
fractions.


http://en.wikipedia.org/wiki/File:Eyjafjallajokull_volcano_plume_2010_04_18.JPG
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Comparison of active fractions.
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Comparison of active fractions.
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From literature we know presence of lead increases the ice nucleation efficiency

of the particle.
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Presence of Pb (lead element) in
the ice residue of ATD particle
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2. Deactivation of ice nucleation efficiency by the
- adsorption of SO2 &/OR coating with the sulfuric acid |
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Water structure gets distorted at
the liquid/solid interface

Acidity (molarity) increasing
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v Volcanic ash (E16 source) acts as IN but less efficient than
ATD in deposition ice nucleation regime,

v" Presence of trace elements (e.g. Pb) could modify the ice
nucleation properties,

v" Processing the particles with the foreign gases (e.g. SOx)
could suppress the ice nucleation ability of the particles,
and

v" Such surface characteristics and processing effects details
could be important for developing/constraining ice
nucleation parameterizations used in the models.
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Comparison of bulk ATD and ice residue of ATD
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Relative intensity

Comparison of bulk ash and ice residue of ash (both are same)
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Effective density comparison
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Five main Ice Nucleation mechanisms

Homogeneous O ’O
Deposition = ’@ h
Condensation 5 :@ @
Freezing >
Contact Freezing o Q ’Q ’@
Immersion s (O)—(@——)
Freezing
m Soluble/insoluble aerosol particle (substrate)

Q Supercooled solution droplet

<:> Ice crystal

Heterogeneous



Cold-based Warm-based

| Continental Clouds . . Maritime Clouds .
Special aerosols l 1
Supply of water vapor Supply of water vapor
L 1 | 1
\ ce /
l deposition de lc?;tion
hetecrogeneous nucleation pl ti , Broad cloud droplet spectra |
nucleation of the ice phase nucieation
) ;C;r;t;?nr;saﬁcn- het?::g:i:‘éous coalescence
N u C I e a.tl On { (immersion / cgg;c;ir
5 ¥
L Narrow cloud spectra | _ Pristine ice crystals | rozen dropsaJ ice particles. . Drizzle |
I_ ?Ondensnon__T l \ lce Pellets P
reezin .
slow broadening J /7
by coalescence de\;;%g?tli'on riming 2
aided by turbulence gq,0n grops | | +" continued
heterogeneous———— S/ coalescence
freezing Snow Secondary | -’
Cloud (immersion/contact) l Cl’Ylsta|S. v lce Particles
I imi R .
continued : ’,Qrﬂlng aggregation clumping
Processes coalescence ~ Secondary -~
ice particles .
L __ ~<——_Snow Flakes, partial
| | melting
- artial shedding-
freezing ' 9"0U|P9|5 rir‘F‘ned rrl::elting
DRIZZLE shedaing”™/2 " ‘ GHAUFPELSmeltmg freef "
T "y '
V‘;&Fﬁr&" SLEET HAIL SNOW RAIN  SNOW SNOW PELLETS SLEET  WARM

Source: Braham et al. Bull. A. Met. Soc. (1968)

Poor understanding of ice nucleation leads to large
uncertainty in the predicting precipitation and
further radiative forcing from cloud properties.
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