Lava flow risk assessment on Mount Etna
through hazard and exposure modelling
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Summit and flank eruptions at Etna

Summit eruptions
are consequence of
the ascent of magma
from a central
reservoir

through the central
conduit.

Flank eruptions

originate from the
central conduit; here
magma rises and
propagates laterally
and downslope,
feeding radial and

== |ateral fissures.
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All eruption typologies are likely to give rise to lava flow,
which is the greatest hazard presented by Etna to the

inhabited areas.
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Aerial view (from South to North) of the densely urbanized southern flank of Etha. Numerous
historical and pre-historical parasitic cones are surrounded by towns and villages.
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Definition of risk for lava flow inundations

Risk = Hazard x Vulnerability x Exposure

L /H = Hazard A V = Vulnerability /E = Exposure ( Value)\
% The probability The level of damage A properly dimensioned
o that a certain suffered by an and scaled measure of
8 area will be element or group of the number of people,
i inundated by x elements as a result x buildings, roads or other
- future lava of the occurrence of critical infrastructure
o flows over a an event of given potentially affected by the
= specific time intensity and hazardous phenomenon.
,2 period. magnitude. \ i /
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: Vulnerability to lava flow inundation = 100% = 1




510000

SN
Ao lgs

=3
=3
o
=3
=3
ol
b3

4190000

480000 500000 510000

Lava flow hazard based on
field data, probabilistic
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The population was calculated as the
density of people per unit area (i.e.
number of inhabitants per square
kilometers) normalized by the value
obtained for the most populated
municipality (Gravina di Catania).

Each density was homogeneously
assigned within the  municipality
boundaries.
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Eight main categories (extracted from a
5-m RapidEye satellite image acquired
on 21 July 2018), to which we assigned
a scale of importance:

0.125 to rock outcrops

0.25 to waterbodies and riverbeds
0.375 to shrub land, grass land,
sparsely vegetated areas

0.5 to forests

0.625 to beaches

0.75 to agricultural areas

0.875 to dense urban areas
1 to the port and the airport of Catania.
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For buildings, infrastructures and networks, we
used the Analytic Hierarchy Process (AHP),
introduced by Saaty (1980) to set a priority.

Residential, Global

facilities | value buildings weigths

Critical [ Historical

Criteria commercial

Critical

facilities L . = s
Historical 1 3 3 0.33
value
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Infrastructures and networks

Criteria

Service
networks

Railways

Total
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Total exposure

g P and networks weigths
1 1 3 5

0.57

Buildings

Population 1 3 3 0.33

Infrastructures

1 1
and networks

0.07
1 0.03

Total 1.00

Colors represent different probabilities of receiving damage.
The highest level inside Gravina di Catania (~0.35). High
probabilities for Aci Catena and Tremestieri Etneo (~0.20).

Catania has an exposure between 0.12 and 0.47: the
maximum values are due to the presence of a number of
strategic buildings, whereas the lowest value is explained by
the high number of people (more than 300,000 residents)
distributed over a large area, resulting in a density of
population of only 1,725/km?2.
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Risk map by lava flow inundation

.- 490000 Colors represent different risk
levels, e.g. probability of being
2 7 damaged by lava flow
inundation in the next 50 years.
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