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ABSTRACT 
The Italian Department of Civil Protection commissioned EUCENTRE to conduct a national research program on seismic 
vulnerability and risk assessment of critical facilities and strategic infrastructure. Projects outcomes are shared with the 
Civil Protection Department through a complex WebGIS architecture. Although the projects are multi-disciplinary, this 
paper focuses on the features of the algorithms purposely developed under the GIS environment for (near-) real-time 
assessment of earthquake-related damage to maritime seaports and embankment dams. 
 
The (near-) real-time procedure is based on a deterministic definition of the seismic hazard. When an earthquake occurs, 
the user introduces into the system the major seismological characteristics of the event; epicentral location, magnitude 
and, if known, the focal mechanism. Ground shaking at the site of interest is estimated using state-of-the art ground 
motion prediction equations (GMPE). The potential damage scenario for each maritime port is obtained by using fragility 
functions from the literature, including ones purposely developed for this project. This simple and rapid analysis 
procedure provides, in the immediate aftermath of an earthquake, a first approximation estimate of the expected damage 
at crucial seaports. A similar methodology has been developed for rapid damage assessment of embankment dams. The 
procedure allows evaluation, in (near-) real-time, of the seismic response of embankment dams in terms of both global 
pseudo-static factor of safety, and expected permanent displacement using standard approaches. 
 
The real-time tools are implemented within a WebGIS platform, which includes a robust, dynamic engine capable of 
processing basic information to compute newly-generated data. This data is then added to pre-existing databases of 
technical data like bathymetric maps and expected wave run-up from tsunami hazard assessments. If an earthquake 
occurs, the system allows identification of anomalies that may require urgent action during the co-disaster and post-
disaster management phases. Moreover, during the pre-disaster phase, the WebGIS platform identifies potentially 
vulnerable strategic elements, allowing  the Department of Civil Protection to develop prevention strategies and 
intervention plans. 
 
 
1 INTRODUCTION 
 
A GIS database can be developed and effectively used 
for the management of technical data and information 
regarding critical facilities. The GIS platforms developed 
by the Geotechnical Earthquake Engineering research 
unit at European Centre for Training and Research in 
Earthquake Engineering (EUCENTRE, Pavia, Italy) allows 
users to consider and evaluate jointly, the different factors 
that contribute to the seismic risk of strategic 
infrastructure, namely maritime ports and embankment 
dams. 

Moreover, data, information and results of 
calculations, are made available and searchable online 
through the development of specific functionalities with 
appropriate WebGIS applications. The GIS platforms of 
seaports and dams are integrated and harmonized with all 
the services that EUCENTRE is developing for the Italian 
Department of Civil Protection as GIS databases useful to 
assess seismic risk of Italian strategic buildings (e.g. 
schools), lifelines, and critical facilities. The complex 

WebGIS architecture, which is continuously updated and 
improved, allows a homogeneous and composite flow of 
information to the Department of Civil Protection. The 
overall scope of this work is to ensure, through an 
application server, the usability of the GIS platforms in 
order to visualize and process technical data that can be 
readily processed and shared for the purpose of 
emergency management and risk prevention. 

In this framework, algorithms for the (near-) real-time 
assessment of earthquake-related damage to maritime 
ports and embankment dams have been purposely 
developed in the GIS environment. A brief description of 
these algorithms is presented in Section 2. Furthermore, 
applications of the tools set-up within the WebGIS 
platforms for rapid seismic response assessment of 
strategic facilities are illustrated with reference to a 
maritime port and an embankment dam (Section 3 and 
Section 4, respectively), located in regions in Italy 
characterized by a severe seismic hazard. 

 
 



 

2 ALGORITHMS FOR RAPID SEISMIC RESPONSE 
ASSESSMENT OF STRATEGIC FACILITIES 
UNDER GIS ENVIRONMENT 

 
When an earthquake occurs, the user introduces the 
major seismological characteristics of the event into the 
real-time tools of analyses available in the WebGIS, 
including epicentral location, depth, magnitude and the 
focal mechanism, if known. These pieces of information 
are provided, in Italy, by the National Institute of 
Geophysics and Volcanology (INGV) in the immediate 
aftermath of an earthquake. The ground shaking at the 
site of interest is estimated using state-of-the-art GMPE. 
Five GMPE are currently implemented (i.e. Akkar et al. 
2014, Bindi et al. 2014, Bindi et al. 2011, Boore and 
Atkinson 2008, Cauzzi et al. 2015). The user can select 
one or more empirical models by attributing a weight to 
each GMPE. 

A modified version of the algorithms has been set-up 
which requires the value of horizontal peak ground 
acceleration (rock and level site conditions), PGArock, 
recorded at the site under investigation instead of being 
computed from the GMPEs. This version of the code 
allows the user to insert data recorded by the seismic 
networks operating in Italy, namely the National 
Accelerometric Network (RAN), operated by the Italian 
Civil Protection Department through INGV, and regional 
networks operated by several providers, such as the 
Irpinia Seismic Network, the North-East Italy Broadband 
Network, etc. 

Moreover, the software checks the reliability of the 
input parameters entered by the user. As an example, 
with particular reference to the version of the algorithms 
based on the GMPEs, the user will receive a warning 
whenever the input data fall outside the limits of 
magnitude and epicentral distance for which the empirical 
models have been developed. In the modified version of 
the program the maximum recorded peak ground 
horizontal acceleration PGArock was set equal to 0.65 g, 
which corresponds to the largest PGArock prescribed for 
the Italian territory by the Italian building code (NTC 
2008). 

The following two sections illustrate the specific 
methodologies set-up to estimate, in near-real time, the 
expected level of damage and loss of functionality of the 
main port facilities and the seismic response of 
embankment dams, respectively. 
 
2.1 The procedure for maritime port infrastructures 
 
Harbors represent complex systems of elements with 
different features and vulnerability. Thus under 
earthquake loading, various facilities can be damaged, 
from wharves with their supporting systems to 
superstructures and utilities. Port facilities can be 
classified into three main categories (HAZUS, NIBS 
2004): waterfront structures (i.e. wharves, seawalls); 
cranes, cargo handling and storage facilities; and port 
infrastructure, such as transportation and utility systems.  

Within the S.3.5 “Seismic vulnerability of maritime 
ports” project, which the Italian Department of Civil 
Protection commissioned to EUCENTRE, an algorithm for 

the (near-) real-time assessment of earthquake-related 
damage to maritime port infrastructures has been 
purposely developed under GIS environment. This 
procedure is based on a more articulated approach, 
developed in the project framework for the seismic 
damage assessment of seaport facilities starting from the 
definition of the seismic hazard accounting for 
contributions of both site effects and liquefaction 
susceptibility. An example is illustrated in Bozzoni et al. 
2014 for the port of Gioia Tauro, the largest terminal for 
transhipment in the Mediterranean Sea, located in a 
region of high seismic hazard in Southern Italy). 

Damage to each component is estimated by fragility 
curves defined as (cumulative) lognormal distribution 
functions, which provide the probability of exceeding 
different levels of damage as a function of specific ground 
motion parameters. The potential damage scenario for 
wharf structures is obtained by using both fragility curves 
from the literature (Kakderi and Pitilakis 2010) and in-
house purposely-developed functions (Calabrese and Lai 
2013). These fragility curves are derived for blockwork 
wharves, which represent in Italy the most common type 
of wharf structure. User can select from two scenarios. 
The first does not take into account liquefaction of soil 
deposits within the port area and instead has two fragility 
functions implemented to evaluate the expected seismic 
damage to wharves. The second scenario uses only the 
in-house fragility curves developed for the case of 
liquefaction occurrence within waterfront areas. 

Vulnerability of other strategic seaport facilities, 
namely cranes, fuel facilities, and components of the 
electric power system, are assessed using empirical 
fragility curves following the standard procedure proposed 
in HAZUS (NIBS, 2004). Although the fragility functions 
for damage assessment implemented in HAZUS are 
based on American and Japanese data, they can be 
reasonably used, as a first approximation, in the 
European context, as suggested within the recent 
research project SYNER-G (http://www.vce.at/SYNER-
G/). For fuel facilities, empirical fragility functions 
developed in the framework of the Greek project named 
SRM-LIFE are also suggested; thus the algorithm uses 
both the sets of curves (i.e. from HAZUS and SRM-LIFE) 
and provides the worst scenario of predicted damage. 

Different intensity measures (e.g. peak ground 
acceleration for rock outcropping condition; peak ground 
surface acceleration; permanent ground displacement) 
are used as input for the fragility functions depending on 
the type of the port structure. The peak ground 
acceleration for rock outcropping condition (PGArock) is 
required by the fragility functions adopted for wharves, 
while the peak ground surface acceleration is used for the 
remaining harbor facilities. The simplified approach based 
on the amplification factor provided by the Italian building 
code (NTC 2008) has generally been adopted to account 
for site effects with the exception of few cases for which 
specific ground response analyses were carried out within 
the project activities. 

The algorithm described herein was integrated within 
the WebGIS platform, in which the real-time analyses tool 
is currently available. The results are expressed in terms 
of expected levels of damage which might affect the main 



 

port structures and infrastructure. They are automatically 
saved and then colored according to the predicted level of 
damage. The green color is used to indicate null damage, 
yellow for minor damage (which means that slight repair 
and adjustments may be required), orange for moderate 
damage (i.e. the structure is unusable but repairable), red 
for extensive/full damage (i.e. destroyed structure). The 
blue color is assigned to elements which are not 
considered in the analysis. Linear elements, such as 
wharves, were purposely discretized in segments of a few 
tens of meters in order to take into account the spatial 
variability of ground motion for the fragility functions. In 
Section 3, an application of this system is shown with 
reference to a relevant seaport in Sicily. 
 
2.2 The methodology set-up for embankment dams 
 
The stability of embankment dams during earthquakes 
can be evaluated by using various approaches that differ 
by the accuracy with which the input motion and the 
dynamic response of the slope are represented. 
Techniques to perform slope stability analysis can be 
grouped into three categories: pseudo-static analysis, 
simplified (sliding block) dynamic analysis, and advanced 
(stress-deformation) dynamic analysis. A comprehensive 
review of these methods has been given by numerous 
authors (e.g. Jibson 2011). 

The earliest and most widely used procedure of 
analysis for seismic stability of earth structures is the 
pseudo-static method, in which the effect of ground 
shaking is represented by a constant force acting through 
the centroid of the potentially unstable mass. The 
magnitude of this pseudostatic force is taken equal to the 
soil weight multiplied by a seismic coefficient, k. The latter 
is typically expressed as a fraction of the maximum 
expected acceleration of the soil mass. The pseudostatic 
force is then used in a conventional slope stability 
analysis via common limit equilibrium procedures. 
Outcome of such an analysis is a pseudo-static factor of 
safety (FOS) which provides an index of the seismic 
stability of the slope. 

It should be noted that the assumption that the effect 
of ground shaking can be represented by a single, 
constant, unidirectional force, ignoring all the complex, 
transient, dynamic effects of seismic loading, is rather 
simplistic. Various authors have illustrated the significant 
shortcomings of the pseudo-static approach, most 
importantly that this type of analysis shows a slope to be 
either stable or unstable, but the consequences of 
instability, or even the likelihood of failure, cannot be 
judged (Jibson, 2011).  

Nevertheless, the pseudo-static method is still useful 
for rapid assessment since it provides, in the immediate 
aftermath of an earthquake, a first estimate of the stability 
of embankment dams. Within the S.3.6 “Seismic 
vulnerability of embankment dams” project, that the Italian 
Department of Civil Protection commissioned to 
EUCENTRE, a procedure has been purposely set-up to 
compute, in near-real time, the seismic response of 
embankment dams in terms of the global pseudo-static 
factor of safety. 

Pseudo-static analyses are carried out in “peace-time” 
(i.e., in preparedness phase, before an emergency 
occurs) with reference to two-dimensional (2D) models of 
earth dams using the program SLOPE/W (http://www.geo-
slope.com). The seismic load is defined for seven return 
periods (i.e. 30, 60, 100, 475, 950, 1950, and 2475 years) 
according to the current Italian building code (NTC 2008 
and DM 2014). The aim of these analyses is to define the 
empirical FOS-PGArock curve to be used for the real-time 
computation of the pseudo-static factor of safety when the 
peak ground acceleration (rock and level site conditions, 
PGArock) is estimated through GMPE or directly 
introduced by the user. 

Once the FOS is determined, a preliminary estimate of 
the permanent slope displacement can be obtained using 
empirical models. Including Newmark’s pioneering study 
(1965), originally proposed to compute permanent 
displacements in an embankment dam, several empirical 
models have been developed to predict seismically 
induced displacement of sliding masses. These differ with 
respect to the assumptions and idealizations used to 
model the mechanism of earthquake-induced 
displacement. The original Newmark rigid sliding block 
assumption is adopted in many of the available simplified 
procedures (e.g. Ambraseys 1988, Saygili and Rathje 
2008). Some of the most commonly applicable methods 
account for soil deformability of the unstable mass. The 
dynamic site response and the sliding block 
displacements are computed separately in the decoupled 
approach (e.g. Rathje and Antonakos 2011) or 
simultaneously in the coupled stick-slip analysis (e.g. Bray 
and Travasarou 2007). 

The predictive capability of the simplified models has 
been seriously questioned, in particular on the basis of 
comparison between the predictions of some models 
(especially the older ones) with the actual displacements 
observed after ground shaking in 122 case histories of 
earth dams and embankments (Meehan and Vahedifard 
2013). The most recent correlations analyze the dynamic 
slope response using more advanced approaches and 
involve larger ground motion datasets and robust 
mathematical regression techniques; therefore they are 
expected to yield more reliable estimates of the slope 
displacement (Fotopoulou and Pitilakis 2015). 

Based on previous considerations more recent and 
advanced formulations (i.e. Rathje and Antonakos 2011, 
Bray and Travasarou 2007, Fotopoulou and Pitilakis 
2015, Tropeano et al. 2009) have been implemented 
jointly with the classical methods proposed by Newmark 
(1965), Ambraseys and Menu (1988) and Saygili and 
Rathje (2008). Therefore, the displacements are 
computed using each of the listed methods in terms of 
mean value, plus or minus one standard if possible.  

The methodology illustrated herein was fully 
automated and integrated within the WebGIS platform, in 
which the real-time analyses tool is currently available. In 
Section 4, an application of this system is shown with 
reference to an in-service embankment dam in Calabria, a 
region characterized by severe seismic hazard. 

 



 

3 REAL-TIME SEISMIC DAMAGE SCENARIOS IN 
THE WEBGIS PLATFORM FOR ITALIAN 
SEAPORTS 

 
The WebGIS platform for Italian seaports includes 
heterogeneous data that can be visualized through 
various layers, such as geological, geotechnical and 
bathymetric data and information on the structural and 
infrastructural elements of the port. Thanks to the support 
of the Italian High Council of Public Works (Ministry of 
Infrastructure and Transports), surveys were carried out in 
order to acquire technical data concerning the most 
relevant seaports, located in medium to high seismicity 
areas of the Italian territory. A visit at each port allowed a 
direct view of the strategic port elements, with relevant 
technical data supplied by the port authorities. 

The collected data was processed and organized in 
the WebGIS. The following pieces of information are 
displayed:  

 general plan view of the port and its bathymetry; 
technical data related to the wharf structures (e.g. 
structural typology, state of repair, materials);  

 geotechnical data from investigations performed in 
the port area;  

 availability of areas suitable for civil protection 
purposes in case of an earthquake (e.g. existence 
of emergency zones to be allocated to host tent 
camps for displaced persons);  

 port accessibility (e.g. inlet, access ways linking 
the port area to roads and railways, landing sites 
for helicopters);  

 port facilities and infrastructure of strategic 
importance (e.g. cranes, storage facilities, utility 
systems);  

 tsunami hazard maps developed by the University 
of Bologna (EUCENTRE-PE5, 2008).  

Figure 1 shows an excerpt of the WebGIS platform for 
the port of Messina (Southern Italy). The user can 
visualize the information by clicking on the object itself. 

The WebGIS allows a homogeneous and composite 
flow of information and processing results (e.g. ground 
response analyses, liquefaction hazard maps, etc.) to the 
Italian Department of Civil Protection. Figure 1, as an 
example, shows the tsunami hazard maps prepared by 
the University of Bologna (EUCENTRE-PE5, 2008) in the 
first phase of the project to define expected flooded areas 
caused by seaquakes for three return periods (i.e. 475, 
975 and 2475 years). 

 
 

 
Figure 1. Excerpt from the WebGIS platform for Italian seaports, developed at EUCENTRE for the Italian Department of 
Civil Protection: plan view of the port of Messina. The user can visualize the technical information within the database 
associated with the displayed object by clicking on the object itself. Tsunami hazard maps are also plotted 
 

 
The WebGIS platform is not only a collection of 

heterogeneous data, but is a robust and dynamic engine 
capable of processing basic primitive information and 
computing newly-generated data, such as seismic 
damage scenarios at a specific seaport. Real-time 
analyses can be currently performed in WebGIS with 
reference to 14 major seaports, located in medium to high 
seismicity areas of Italy. An application is illustrated 
herein for the port of Messina which is the first seaport in 

Italy and one of the most important in the Mediterranean 
Sea with over 10 million passengers a year. The 
prescriptions by the current Italian building code (NTC, 
2008) for the reference seismic hazard at the Messina 
port (i.e. referred to outcropping rock and ground-leveled 
topographic conditions) provides a value of PGArock for 
475-years return period equal to 0.250g. 

The user can choose between the two types of 
analyses on the basis of available data. The basic version 



 

of the code requires the major seismological 
characteristics of the earthquake which are the magnitude 
(MW), the epicenter coordinates (in degrees), focal depth 
(in km) and the focal mechanism (if known). The 
earthquake scenario simulated herein is the M6.1 
earthquake which occurred in the Calabria region on 
November 16, 1894 (CPTI15; Rovida et al. 2016). 

The user inputs the major seismological 
characteristics of the earthquake. Thus, the (near-) real-
time procedure is based on a deterministic definition of 
the seismic hazard. The ground shaking at the site of 
interest is estimated by using state-of-the-art GMPE. For 
the application illustrated herein, the Bindi et al. (2011) 
model has been adopted. This is based on using the 
Italian strong-motion database. Other implemented 
models include Akkar et al. (2014), Bindi et al. (2014), 
Boore and Atkinson (2008), and Cauzzi et al. (2015). 

The procedure computes, in quasi real-time, the 
expected levels of seismic damage which may affect the 
most important structures and infrastructures within a 
seaport area. Figure 2 shows the results obtained for the 
current port of Messina, after  experiencing a simulated 
event equivalent to the November 16, 1894 earthquake. 
The expected level of damage to the port facilities is 
negligible. Preliminary results obtained from liquefaction 
susceptibility analyses performed at the port of Messina 
indicate a low potential of liquefaction within the major 

waterfront areas of the port. The damage scenario shown 
in Figure 2 for wharf structures is obtained by using 
fragility curves developed in-house by Calabrese and Lai 
(2013), which do not take into account possible 
liquefaction phenomena of soil deposits. Negligible 
damage is predicted for wharves also, by adopting the 
fragility functions proposed by Kakderi and Pitilakis 
(2010). By using the in-house fragility curves developed 
for the case of liquefaction occurrence within the 
waterfront areas, the expected level of damage to wharf 
structures under investigation is also minor. 

It is important to point out that the application 
illustrated herein has general validity, since similar 
application could be repeated by simulating different 
earthquake scenarios and/or by selecting other seaports. 

In terms of input data, in addition to the seismic input 
(i.e. the earthquake main seismological characteristics or 
the peak ground acceleration at the port site), a rough 
knowledge of the port facilities is sufficient to perform the 
real-time calculation. Thus, the procedure is suitable at 
seaports whose basic technical data are usually available. 
The use of this interactive WebGIS tool is particularly 
suitable in the emergency management phase. Response 
times must be rapid and effective, and the approximate 
results from the model are adequate to assess the 
response capacity of maritime entry points after a seismic 
event. 

 
 

 
Figure 2. Excerpt from the WebGIS platform: application of the tool to compute in real-time the seismic damage scenario 
for the main port facilities of Messina after a M6.12 earthquake, about 29 km far from the seaport 
 
 
4 APPLICATION OF THE WEBGIS TOOL FOR 

REAL-TIME ASSESSMENT OF THE SEISMIC 
RESPONSE OF ITALIAN EMBANKMENT DAMS 

 
This section shows an application of the tool developed 
for the response assessment of embankment dams in the 
immediate aftermath of a seismic event. The previously 
described algorithm has been implemented within the 

WebGIS platform of the Italian dams, which allows 
collection and processing of heterogeneous data, both 
before an earthquake and during the emergency phase 
following the occurrence of an earthquake. Real-time 
analyses can currently be conducted for 10 in-service 
embankment dams located in medium to high seismic 
areas of Southern Italy. 



 

The application illustrated herein refers to a zoned 
embankment dam with impervious vertical core; a 
common type in Italy. The current Italian building code 
(NTC, 2008) prescribes for the reference seismic hazard 
at the dam site a value of PGArock equal to 0.264g for 475-
years return period. The earthquake scenario simulated 
herein is a M6.9 event, about 15 km far from the dam. 
The seismological characteristics of the event are fully 
consistent with the regional seismotectonic and 
seismogenic setting (DISS Working Group 2015). 

The user introduces the major seismological 
characteristics of the earthquake, i.e. epicentral location, 
focal depth, magnitude and the focal mechanism, if 
known. As with the seaports, the ground motion intensity 
measure at the site of interest is estimated using state-of-
the-art GMPEs. The 5 GMPEs have been adopted 
attributing a higher weight to the GMPE developed by 
Bindi et al. (2011). Specifically, a weight of 40% and 15% 
was associated to the latter and remaining GMPEs, 
respectively. 

The procedure allows evaluation, in quasi real-time, of 
the seismic response of embankment dams in terms of 
both the global pseudo-static factor of safety and the 
expected permanent displacements, computed using 
displacement-based empirical models from the literature. 
These parameters are computed by interpolating the 
results obtained from the analyses carried out in 
preparedness phase, before an emergency occurs 
(“peace-time”) as shown in Figure 3. Missing data were 
assumed from the literature.  

For the Nocelle embankment dam, the global pseudo-
static factor of safety turns out to be 1.59. The predicted 
permanent displacement calculated as mean value plus 

one standard deviation is a few centimeters, as shown in 
Figure 4. 

 
 

 
Figure 3. Empirical FOS-PGArock curve for Nocelle dam 
obtained from pseudo-static analyses carried out using 
SLOPE/W, in preparedness phase, for seven return 
periods (i.e. 30, 60, 100, 475, 950, 1950, and 2475 
years). This curve is used for real-time computation of the 
pseudo-static factor of safety using as input the PGArock 
estimated through GMPEs: a M6.9 earthquake, about 15 
km far from the structure is herein simulated  
 
 

It is important to point out that the application 
illustrated herein has general validity, as the analysis can 
be repeated by simulating a different earthquake scenario 
and/or by selecting a different embankment dam. 
Applications to embankment dams located in the 
Campania Region and in Sicily are illustrated in Bozzoni 
et al. (2015) and Derosa et al. (2015), respectively. 

 
 

 
Figure 4. Excerpt from the WebGIS platform for Italian dams, developed at EUCENTRE for the Italian Department of 
Civil Protection: application of the tool for real-time assessment of the seismic response of the Nocelle embankment dam 
after a M6.9 earthquake, about 15 km far from the structure 
 

 
5 CONCLUDING REMARKS 
 
This paper illustrates the ongoing development at 
EUCENTRE of tools for rapid seismic response 

assessment of critical facilities. In particular, algorithms 
for (near-) real-time assessment of earthquake-induced 
damage to maritime seaports and embankment dams 
have been purposely developed under a GIS 



 

environment. The real-time tools of analyses are 
implemented within a WebGIS platform, which allows a 
homogeneous and composite flow of information to the 
Italian Department of Civil Protection.  

The tools for seaport facilities allow rapid assessment 
of the loss of functionality or reduction in capacity of 
elements of seaports, which represent priority entry points 
into an area affected by an earthquake. Some 
circumstances have shown that maritime ports can be a 
key element for aid operations in the immediate aftermath 
of a seismic event - for instance, in the 2010 Haiti 
earthquake, the loss of serviceability of most wharf 
structures greatly hampered the relief efforts (Eberhard et 
al. 2010). 

On the other hand, a useful screening level tool has 
been purposely implemented in the WebGIS platform for 
the assessment of embankment dams stability in the 
immediate aftermath of an earthquake. This simple and 
rapid procedure allows to compute, in quasi-real time, the 
global pseudo-static factor of safety and the expected 
permanent displacements, computed using empirical 
models from the literature. 

During the pre-disaster phase, the WebGIS platform 
allows identification of those elements which play a 
strategic role for Civil Protection purposes to develop 
prevention strategies and plans of intervention (e.g. areas 
where locate emergency camps, landing sites for 
helicopters, etc.). If an earthquake occurs, the system 
allows identification of anomalies or situations that may 
require urgent actions during co-disaster and post-
disaster phases. The real-time tools of analyses illustrated 
herein may be particularly useful during the emergency 
response by Civil Protection personnel where time is a 
crucial factor in rescue management. 
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