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Abstract In this paper, we use data obtained from LiDAR
measurements during an ash emission event on 15 November
2010 at Mt. Etna, in Italy, in order to evaluate the spatial
distribution of volcanic ash in the atmosphere. A scanning
LiDAR system, located at 7 km distance from the summit
craters, was directed toward the volcanic vents and moved in
azimuth and elevation to analyse different volcanic plume
sections. During the measurements, ash emission from the
North East Crater and high degassing from the Bocca Nuova
Crater were clearly visible. From our analysis we were able to:
(1) evaluate the region affected by the volcanic plume pres-
ence; (2) distinguish volcanic plumes containing spherical
aerosols from those having non-spherical ones; and (3) esti-
mate the frequency of volcanic ash emissions. Moreover, the

spatial distribution of ash mass concentration was evaluated
with an uncertainty of about 50%.We found that, even during
ash emission episodes characterised by low intensity like the
15 November 2010 event, the region in proximity of the
summit craters should be avoided by air traffic operations,
the ash concentration being greater than 4×10−3g/m3. The use
of a scanning permanent LiDAR station may usefully monitor
the volcanic activity and help to drastically reduce the risks to
aviation operations during the frequent Etna eruptions.
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Introduction

During explosive activity, volcanoes release a large amount
of silicate particles and gases mainly composed of water
vapour, carbon and sulphur dioxides (Sparks et al. 1997).
This emission represents the most important natural source
of pollutants in the atmosphere (Oppenheimer 2003), affects
terrestrial ecosystems and human health on local to regional
scales (e.g. Mather et al. 2003) and influences microphysical
processes in clouds and climate (Durant et al. 2010). Silicate
particles, in particular, cause respiratory problems, eye injuries
and skin irritations (e.g. Horwell and Baxter 2006), damage to
crops, roads and infrastructures (e.g. Blong 1984), whereas
sulphur dioxide leads to acid rain, lowers the surface temper-
atures and, if the stratosphere is reached, promotes depletion
of the Earth’s ozone layer (e.g. Robock 2000). An accurate
monitoring of the amount of volcanic aerosol ejected in atmo-
sphere is, hence, necessary.

Etna is one of the most active volcanoes in the world and
is considered among those volcanoes frequently causing
damage to airport operations (Guffanti et al. 2008), espe-
cially due to the high frequency of explosive activity (e.g.
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