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Abstract: Mt. Etna is the largest active volcano in Europe and is well known for its continuous and intense 
volcanic activity. The assessment of risks at Etna is a multidisciplinary matter: the frequent tephra emissions 
cause problems to aviation and infrastractures, lava-flows destroy man-made features and invade inhabited 
zones, recurrent earthquakes damage buildings and infrastructure. Unfortunately, these different typologies 
of threatening events can occur at the same time, as occurred during the 2001 and 2002 eruptions.  

In this work we evaluate the possible damage level suffered by the residential buildings as a consequence of 
the interaction between two different hazards, considered independently or as cascading effects. We 
hypothesise a seismic event similar to the 2018 one (MW 4.9), which follows a sequence of eruptive 
phenomena including vigorous ash emission and tephra fall deposit on the building roofs of a densely 
urbanised area. 
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1. Introduction  

Mt. Etna is the largest active volcano in Europe: it covers more than 1.250 square kilometres and rises to 
3.300 m above the sea level, dominating the eastern coastline of Sicily and looming over the metropolitan 
area of Catania, where more than 500.000 inhabitants are living. Its volcanic activity is characterized by 
striking effusive and explosive events together with a very intense seismic activity, all of them significantly 
affecting territory and society.  

The contribution of volcano-tectonic seismicity plays the main  role in local seismic hazard and significantly 
enhances the level of risk, since earthquakes are frequent and produce heavy damage in the densely 
urbanized areas on the volcano flanks.  

Several studies investigated the impact of earthquakes in this area (Sigbjörnsson et al., 2016, D’Amico et al., 
2016; Meroni et al., 2016, Pessina et al. 2021). In this work we simulated a risk scenario in the struck 
municipalities of the epicentral area of the 2018 earthquake (MW 4.9), evaluating the damage level of the 
residential buildings with the most recent damage methods used for the national seismic risk assessment 
(Dolce et al., 2021). However, a complete risk model should consider the interaction of different hazard 
factors that threaten the territory. 

Some years later, from February 2021, an important sequence of paroxysmal activity affected the summit 
craters: lava fountain events formed eruption columns that reached heights greater than 10 km above sea 
level and formed heavy tephra fallout mainly on the eastern sector of the volcano.  These phenomena had a  
severe impact on the urbanized areas since lapilli and hard-to-clean ash covered houses and streets and 
created inconvenience to motorists, pedestrians and crops. Moreover, volcanic bombs and small pyroclastic 
flows affected the summit area where only touristic activities occur.   
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In this work we also evaluate the increase of damage to the buildings’ roofs caused by the tephra load and 
investigate the synergy among dangerous events (earthquake and tephra load in our study) and their peculiar 
interaction, in the frame of a multi-hazard risk analysis of volcanic events .  

2. The seismic damage scenario 

Our scenario event is the December 26, 2018 earthquake (MW 4.9, I0 VIII EMS), which represents the largest 
event occurring in the area during the last 70 years (Azzaro et al., 2013) (Figure 1). We calculated the damage 
of residential buildings and the consequent number of expected victims or evacuated people. Data on 
building stock and demographics are collected by the Italian Institute of Statistics (ISTAT, 2011) at the 
resolution of the census section. An integration of the census data, useful for the calibration of the damage 
assessment models, comes from the AeDes data (Agibilità e Danno in Emergenza Sismica—“Postearthquake 
damage and safety assessment and short-term countermeasures”) (Baggio et al., 2007), collected on more 
than 5000 individual buildings damaged by the 2002 earthquake, provided by the local department of Civil 
Protection. 

We adopted the most recent models of Lagomarsino et al. (2021) and Rosti et al. (2021) to assess the 
vulnerability and damage levels for masonry and reinforced concrete buildings, respectively. Damage levels 
to residential buildings were calculated according to the EMS scale definition (Grünthal, 1998) ranging  from 
D1 (light damage) to D5 (collapse). Figure 2 shows the distribution of the unusable buildings calculated as the 
weighted sum of buildings with heavy and substantial damage (D4 + 60%D3) (Dolce et al., 2021). 

 
Figure 1 – Intensity shake map scenario for the MW 4.9 
                    2018 earthquake  

 
Figure 2 – Map of the estimated unusable buildings  
                       (in percentage) 

3. The ash fallout damage scenario 

The model proposed by Spence (2005) is used to assess the vulnerability of buildings’ roofs. It organises the 
roofs into 4 classes (weak, medium weak, medium strong and strong) and suggests a way to distribute the 
roofs when no local and detailed calibration is available. Damage to the building roofs due to tephra 
accumulation is calculated taking into account the tephra load thresholds used to estimate the hazard maps 
from tephra fallout at Mt. Etna (Scollo et al.,2013). In this work we used thresholds having greater values, i.e. 
200 kg/m2 and 300 kg/m2. As the distribution of roofs in vulnerability classes was not locally characterised 
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due to the lack of data, we assumed the hypothetical distributions “Median roofing stock” according to 
Spence et al. (2005) that better reproduce the real distribution observed after a field survey. Taking into 
account the eruption range scenario probability maps associated with weak long-lived plumes as described 
in Scollo et al. (2013), there is a small probability (between 1 and 20 %) that the mass loading exceeds 300 
kg/m2 beyond 15 km of distance from the vents, and a slightly higher probability (between 10 and 20 %) 
between 10 and 15 km. Instead, for the same scenario, the probability of exceeding 200 kg/m2 is between 1 
and 30 % up to a distance of 20 km from the vent. 

 
Figure 3 - Probability maps associated for the ERS-WLL scenario using the thresholds of (left) 300 kg/m2, (right) 200 
                   kg/m2 (modified from Scollo et al. 2013) 

4. First results of multi-risk assessment and conclusions 

The risk evaluation is a complex procedure because the interaction among different risks has to be 
considered: in addition to the risk assessment of each event, the effect of simultaneous occurrence of 
independent events or the cascade effect, when one event triggers the following one, must be considered 
(Marzocchi et al., 2012).  

We supposed that the earthquake hit urban areas subjected to the accumulation of tephra deposit for a long 
time, so as to create a load of 300 kg/m2. According to Zuccaro et al. (2008), such a threshold value of load 
weakens the buildings resistance, particularly the most vulnerable ones (class A). The results show that the 
expected number of heavy damaged buildings (D4 + D5) due to the combination of earthquake and tephra 
load is 30% higher than the number of buildings damaged by the earthquake alone. Moreover, the number 
of unusable buildings is 52% higher if the two events are combined. In any case, in numerical terms these are 
small quantities (24 and 85 buildings, respectively), because of the good quality of the building stock.  

The theme of the multi-risk in a complex and highly active volcano such as Etna is a new frontier for scientists 
working on different hazardous phenomena. Although territorial data and damage models need to be 
improved for this area, the first estimates suggest that single hazards need to be “converted” in a perspective 
of interacting risks. 
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