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Abstract
The Disruption Index is used here for the assessment of urban disruption in the Mt. Etna area
after a natural disaster. The first element of the procedure is the definition of the seismic input,
which is based on information about the historical seismicity and seismogenic faults. The second
element is the computation of the seismic impact on the building stock and infrastructure in the
region considered. Information on urban-scale vulnerability was collected and a geographic
information system was used to organize the data relating to buildings and network systems (e.
g., typologies, schools, strategic structures, lifelines). The central idea underlying the definition
of the Disruption Index is the identification and evaluation of the impacts on a target community,
considering the physical elements that contribute most to the severe disruption. The results of
this study are therefore very useful for earthquake preparedness planning and for the
development of strategies to minimize the risks from earthquakes. This study is a product of the
European “Urban Disaster Prevention Strategies using Macroseismic Fields and Fault Sources”
project (UPStrat-MAFA European project 2013).
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71.1 Introduction

Natural disasters, such as earthquakes and volcanic erup-
tions, have strong effects on the socio-economic well-being
of countries and their people. The consequences of these

events can lead to complex cascades of related incidents, and
in more serious contexts they can threaten our basic sur-
vivability. These events have clearly demonstrated that
preparedness and disaster management is a dynamic process
that requires a holistic analysis of critical interdependencies
among core infrastructures. In this context of complexity,
uncertainty and doubt, the Disruption Index (DI) (Ferreira
2012; Oliveira et al. 2012; Ferreira et al. 2013) aims to
improve our understanding of earthquake and volcanic
hazards and their impacts in urban areas. The development
of the DI, which involved defining the elements that provide
a clear picture of a functional urban system and the various
ways in which disruption can occur, was carried out using
information and experience gained through several earth-
quake field missions in different regions of the world,
including the Azores (Oliveira et al. 2012; Ferreira 2012;
Ferriera et al. 2012).

G. Zonno (&) � R. Azzaro � F. Meroni � S. D’Amico � T. Tuvè
Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy
e-mail: gaetano.zonno@mi.ingv.it

M. A. Ferreira � F. M. de Sá � C. S. Oliveira
Instituto Superior Técnico, Lisbon, Portugal

C. Brambilla � R. Rotondi � E. Varini
Consiglio Nazionale delle Ricerche – Istituto di Matematica
Applicata e Tecnologie Informatiche, Milan, Italy

G. Lollino et al. (eds.), Engineering Geology for Society and Territory – Volume 5,
DOI: 10.1007/978-3-319-09048-1_71, © Springer International Publishing Switzerland 2015

371



71.2 Seismic Context of the Volcanic Region
of Mt. Etna

In the volcanic region of Mt. Etna, the highest epicentral
intensities that have reached degree IX on the European
Macroseismic Scale (EMS) have been concentrated in the
very populated areas between Acireale, Zafferana and Gia-
rre, the main towns on the eastern flank of Mt. Etna. In
contrast, the Piedmont areas of the Mt. Etna volcano and the
metropolitan area of Catania have never been affected by
significant macroseismic effects (Azzaro et al. 2013).
Another feature of this seismicity of Mt. Etna is that the
attenuation of the macroseismic intensity with distance is
much greater than in tectonic zones. In recent years, the
modeling of the attenuation at Mt. Etna has also been tackled
through Bayesian probabilistic approaches, which aim to
obtain seismic damage scenarios that are expressed in terms
of the macroseismic intensity. This approach has also
examined the role of a linear source in the attenuation pat-
tern, which determines the preferential propagation of the
intensity along the fault strike, and the rapid decrease in the
effects in the perpendicular direction. The calculation pro-
cedure is implemented in the PROSCEN software; given the
location and the epicentral intensity of the earthquake, the
code generates the expected seismic scenario, according to
the assumption that there is a point seismic source or a linear
seismic source (finite fault).

71.3 The Concept of the Disruption Index
of Livelihood Systems

The destruction or unavailability of some basic urban
functions for a long period of time will impact upon the
dimensions of human need, such as the environment,
housing, health, education, employment, and food process-
ing and distribution. These main dimensions are organized
and they are conditioned by several other main functions or
systems, including water, sanitation, telecommunication,
electricity, security, and mobility. These are, in turn,
dependent on the reliability of various buildings, equipment
and crucial facilities (Fig. 71.1, pink boxes), which need to
be obtained from earthquake simulators or earthquake
descriptions (i.e., field reports).

The purpose of the DI is to quantify how several elements
of influence and urban functions become highly relevant in
the exacerbation of the impact of an event. It is possible to
associate qualitative impacts with each dimension, using a
scale that describes all of the plausible impacts that might be
present, as objectively as possible (Ferreira et al. 2013). The
network of the dependencies is complex; disruption of one
of the functions might affect one or more of the above-

mentioned general areas, and a function can depend, in its
turn, on other functions. All functions depend on the
equipment and facilities, which are the physical structures
that can be damaged by earthquakes.

A few examples can help us to understand the variety and
complexity of the dependencies. Disruption of the water
supply can derive from direct damage to the water equip-
ment (e.g., pumps, valves, piping, tanks) and/or from dis-
ruption of the electricity supply, which, in turn, can be
caused by damage to the electrical equipment. Disruption of
the electricity supply affects not only the water supply, but
also telecommunications and transport systems, and directly
or indirectly, almost all of the general areas of human needs.
The network of these dependencies is illustrated in Fig. 71.1.
For the evaluation of the DI, the key elements are the
characterization of the earthquake impact in terms of the
severity levels from I to V (where I denotes minimal impact),
and the modeling of the propagation of the impact severity.
Each severity level corresponds to a description of the
earthquake impact. For transportation infrastructure, for
example, level II indicates moderate damage to roads, rail-
ways, airports, and ports, while for the power supply, it
means recovery within hours.

Impact severity propagation is calculated as a bottom-up
sequence, which starts from the physical damage suffered
directly from the exposed assets. The impact severity on
each function and area of human needs derives from the
impact severity on the infrastructure, facilities and functions
on which these needs depend, while the level of the DI
depends on the impact severity across all of the areas of
human needs. Each calculation is driven by a chain of
conditions that are linked by the logical function OR and are
based on the idea that the severity level that results from the
chain is equal to the worst severity level along the chain
itself. The impact level on the water supply, for example, is
III if it is III for the water equipment or the electricity supply,
upon which the water supply depends. The same idea applies
to the calculation of the DI level. Therefore, if one of the
general areas of the human dimension suffers the highest
level of disruption, the DI reaches its maximum.

71.4 First Results of Application
of the Disruption Index to the Mt. Etna
Area

The DI is here applied to the May 8, 1914, Mt. Etna
earthquake. Figure 71.2 (left) shows the damage scenario in
terms of the intensity (EMS) estimated through the PRO-
SCEN software package (Azzaro et al. 2013). The damage
data used to compute the DI in this first application refers to
residential buildings, hospitals, schools, police stations,
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lifeline services (electricity, water, gas, wastewater) and
roads. The data about the buildings were extracted from the
1991 and 2001 Italian National Institute of Statistics
(ISTAT) census. The data are grouped according to the
census sections, and the vulnerability indices were evaluated

using the approach proposed by Lagomarsino and Gio-
vinazzi (2006). The ISTAT data on residential buildings
allows the definition of the frequencies of groups of
homogenous structures, with respect to a number of typo-
logical parameters: vertical structures, age of construction,

Fig. 71.1 Vital urban functions and their dependencies (Ferreira 2012)

Fig. 71.2 May 5, 1914
earthquake intensity (EMS)
scenario; DI relative pattern
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number of storeys, state of maintenance, and state of
aggregation with adjacent buildings. We applied this infor-
mation only to the urbanized areas of the whole of the ter-
ritory of the municipality. We use also the socially useful
work (lavori socialmente utili; LSU) database (Cherubini
et al. 1999).

Regarding the lifelines, we considered the main lines.
High voltage power lines and their related pylons were
mapped into the geographic information system, together
with the positions of high and low voltage substations. For
roads, a dense network of roads connects the villages, and
the Messina-Catania main road runs along the coast on the
eastern flank of the Mt. Etna volcano. Moreover, a dense
network of roads connects the villages, and within this
network we have considered the positions and the seismic
vulnerabilities of the bridges, which are the most sensitive
elements. Figure 71.2 (right) shows the resulting pattern of
the DI. The description of the DI that was adopted is given in
Fig. 71.3.
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