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ABSTRACT

Maritime ports are strategic points of connection for trading of goods which is the
foundation of the global economy. The importance of seaport structures is rather ap-
parent in Mediterranean countries like Italy which is characterized by a coastal de-
velopment without comparison with the rest of continental Europe. Recent
earthquakes (e.g. 1995 Hyogoken-Nanbu, Japan; 2010 Port-au-Prince, Haiti; 2011 To-
hoku, Japan) have dramatically demonstrated the seismic vulnerability of maritime
port structures. The poor performance exhibited by seaports structures under seismic
loading has sparked an intense research activity worldwide in order to set up
methodologies and technical recommendations for a proper seismic design of new
port structures and an appropriate retrofitting of existing ones to improve their ex-
pected performance under earthquake loading. In Italy, the Department of Civil Pro-
tection has commissioned a national research project on seismic vulnerability and
risk of seaport structures to the European Centre for Training and Research in Earth-
quake Engineering (EUCENTRE) of Pavia. General aim of the research project is to
develop a methodology for the seismic risk assessment of existing structures at mar-
itime ports placed in areas of medium to high seismicity and the design of new mar-
ginal wharves. This paper illustrates some of the results obtained from this ongoing
research project. Although the project is multi-disciplinary, the focus of this paper is
on illustrating the features of a Geographic Information System (GIS) of the Italian
major seaports. The GIS platform represents the tool used to merge all available in-
formation regarding the ports under investigation, overall thirty. The most recent
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phase of the research project focuses on the implementation of a WebGIS architecture
system: the collected and processed technical data of each seaport are shared with
the Italian Department of Civil Protection through purposely-developed web services
based on the georeferenced database. The WebGIS platform is not only a collection
of heterogeneous data that can be visualized through various layers, but it is also a
robust and dynamic engine capable of processing basic primitive information and
compute newly-generated data such as seismic damage scenarios at a specific sea-
port. A fully automated computation procedure, integrated in the WebGIS platform,
has been implemented in order to estimate in real time, the expected damage to the
major seaport structures in the immediate aftermath of a seismic event. If an earth-
quake occurs, the system allows to identify anomalies or situations that require im-
mediate actions especially during co-disaster and post-disaster management phases.
An example of application of the implemented system is provided in the paper with
reference to seaports located in the Calabria Region which is the region with the
largest seismic hazard of Italy.

INTRODUCTION

Seaports are a key element in the transportation system of all countries surrounded
by the sea, as they represent an important factor of economic and social development
of a geographical area. The economies of the industrialized nations are based on the
export and on the import of merchandise. Nowadays, this aspect is even more pro-
nounced, due to the globalization and the expansion of new markets. Ports play an
essential role in the policies of sustainable mobility, as critical points of connection
that allow the transfer of goods and passengers, helping to increase the functionality
of the general system of transportation. The importance of the sea and of the ship
transportation is evident especially for those countries, such as Italy, with a particular
geographical location and an extensive coastline. As a matter of fact, Italy stretches
out into the Mediterranean Sea with a coastal development of more than 8000 km
without comparison with the rest of continental Europe.

Worldwide, a large number of important ports are located in active seismic regions,
as for instance the Mediterranean area (e.g. Italy, Greece, Turkey, Algeria, etc.) or the
circum-Pacific belt (the so-called “Ring of Fire”, e.g. California, Alaska, Peru, Chile,
Japan, New Zealand, etc.). In the last fifty years, several dramatic examples of earth-
quakes’ destructiveness have been recorded, from the 1964 Alaska earthquake to the
2011 Japan earthquake. Earthquakes such as the Loma Prieta (USA, 1989), the Hyogo-
ken-Nanbu (Japan, 1995), the Tokachi-Oki (Japan, 2003) and the most recent events of
Port-au-Prince (Haiti, 2010), Maule (Chile, 2010) and Tohoku (Japan, 2011) highlighted
the vulnerability of many existing port facilities. These earthquakes have caused severe
damage not only inside the epicentral area, but also at large distances where soil am-
plification effects and significant ground deformations, mainly due to soil liquefaction,
were observed (EERI, 2003; Rathje et al., 2010; Bray and Frost, 2010). Offshore earth-
quakes can generate a further hazard, a tsunami, which can rapidly and violently inun-
date coastlines, causing damage and severe human losses. During the Tohoku (Japan,
2011) earthquake, the main shock generated a seaquake whose waves reached maxi-
mum run-up heights of 29.6 m at Ofunato, Iwate Prefecture (http://earthquake.usgs.gov/
earthquakes/recenteqsww/Quakes/usc0001xgp.php).
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Damage suffered by the maritime ports structures under seismic loading adversely
impacted the serviceability of port facilities. The seismic damage to elements of a port
system may affects the economy of a region for a long time because of the consider-
able time to rebuild and repair the structures and restore the normal operating con-
ditions. The damage to important harbors may have also immediate consequences
because of the strategic role played by these infrastructures for the purposes of civil
protection. Some circumstances have proven that ports can be a key element for the
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 compli-
cated the relief efforts.

The poor performance exhibited by seaports structures under earthquake loading has
spurred an intense research activity worldwide for setting up procedures and technical
recommendations for a proper seismic design of new port structures and an appro-
priate retrofitting of existing ones in order to improve their expected performance
under seismic loading.

Many of the most important Italian seaports, such as Gioia Tauro, Salerno, Catania,
Ancona, just to name a few, are located in zones characterized by moderate to high
seismicity. Therefore, the Italian Department of Civil Protection has funded a re-
search project on seismic vulnerability and risk of national seaport structures. The
project is still underway and it is conducted by the European Centre for Training
and Research in Earthquake Engineering (EUCENTRE) of Pavia. Main objectives of
the project are:

1. The development of a geographical information system (GIS) of the Italian seaports
located in zones of moderate to high seismicity.

2. The evaluation of earthquake damage scenarios for structures and infrastructures
of the major maritime Italian ports (Bozzoni et al., 2011).

3. Definition of technical recommendations for a proper seismic design of new wharf
structures and assessment of existing facilities so to improve their expected per-
formance under seismic loading (Bozzoni et al., 2010).

Although the project is multi-disciplinary, this paper focuses on the characteristics of
the GIS platform, which represents the tool used to merge all available technical in-
formation of existing port structures. The data, acquired thanks to the support and col-
laboration of the Italian High Council of Public Works (Ministry of Infrastructures), are
inserted into a GIS database which is continuously updated and improved. The GIS
database includes thirty ports which corresponds to the most important Italian harbors
located in zones of moderate to high seismicity. The collected and processed technical
data of each seaport are shared with the Italian Department of Civil Protection through
a complex WebGIS system architecture.

The WebGIS platform is not merely a collection of heterogeneous data that can be
visualized through various layers, but it is a robust and dynamic engine capable of
processing basic primitive information and compute newly-generated data such as
seismic damage scenarios at a specific seaport. If an earthquake occurs, the system
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allows to identify anomalies or situations that require urgent actions during co-dis-
aster and post-disaster management phases. Moreover, during the pre-disaster
phase, the WebGIS system permits to identify those elements which can play a strate-
gic role for Civil Protection purposes in order to develop prevention strategies and
plans of intervention.

An example of application of the system is shown with reference to the seaports lo-
cated in Calabria which is the region with the highest seismic hazard in Italy. Recently
Calabria has been involved by the Italian Department of Civil Protection in an emer-
gency training program named “Calabria 2011” (the program details can be found at
http://www.protezionecivile.gov.it/jcms/it/view_dossier.wp?contentId=DOS29163).

WEBGIS PLATFORM OF THE ITALIAN SEAPORTS

A GIS database can be developed and effectively used for the management of tech-
nical data and information regarding harbours. The GIS platform of the Italian mar-
itime ports allows to consider and evaluate jointly the different factors that contribute
to seismic risk in the port area, providing also the possibility to identify the vulnerable
structural and infrastructural elements of the harbour system. Thus, this platform is
the ideal tool to assess the seismic risk of maritime port facilities.

Moreover, data, information and results of calculations can be made available and
searchable online through the development of specific functionalities with appropriate
WebGIS applications (Yang et al., 2005). The GIS platform of seaports is integrated
and harmonized with all the services that EUCENTRE is developing for the Italian De-
partment of Civil Protection as GIS databases useful to asses seismic risk of Italian
strategic buildings (e.g. schools, hospitals), lifelines and dams. The complex WebGIS
architecture, whose creation is currently underway, allows a homogenous and com-
posite flow of information to the Department of Civil Protection. The overall scope of
this work is to create a series of GIS platforms through an application server in order
to visualize and manipulate technical data that can be readily used and shared for the
purpose of emergency management and risk prevention.

GIS technology to manage seaports data

GIS may consist of a great variety of datasets, including natural and socio-economic
information each associated with a spatial coordinate system. The spatial georefer-
encing of the information permits the link among various datasets. The overlay of data
provides a powerful tool for the analysis and integration of datasets from different
sources. GIS tools allow also the creation of data models and maps, specifically pro-
viding the opportunity of:

• Updating the available information by changing/adding themes within a set of data
through the use of advanced editing tools. For example, information regarding the
new structural and infrastructural port elements, added in the new regulatory plan
for the expansion and renovation of the port area, can be easily included within the
database.
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• Associating multi-category, multi-layered, dynamic, non-spatial information with
spatial information; files of various typologies (e.g. textual documents, images, web
site links, etc.) can be linked to a georeferenced object and may be visualized
through specific querying functions, which allows to jointly assess the various fac-
tors that contribute to the seismic risk in the port area and to identify the vulnerable
structures.

• Performing sophisticated queries (on attributes and spatial features) to the repre-
sented georeferenced objects with the purpose to localize objects/elements of in-
terest and to circumscribe areas of influence for various typologies of phenomena
(e.g. area with high soil liquefaction potential).

• Deriving new original data through tools of composition and processing of the in-
formation.

• Computing evolution and queries scenarios (“what if” type of analysis) in order to
identify in the short term anomalies and/or situations that require urgent actions
to mitigate the seismic risk in port areas.
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Figure 1: Italian seaports located in medium to high seismicity regions under investigation (overall 30 ports);
the 19 green coloured ports have been recently added in the GIS database.
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The GIS database includes the major Italian seaports located in medium to high seis-
micity areas. An additional adopted selection criterion is the importance of the port for
the purpose of civil protection in the planning and managing phases of an emergency
in case of an earthquake. Thirty is the total number of ports under investigation. Here is
the list: Ancona, Augusta, Bari, Barletta, Carrara, Castellammare di Stabia, Catania,
Catanzaro, Civitavecchia, Corigliano, Crotone, Formia, Gaeta, Gela, Gioia Tauro, Livorno,
Manfredonia, Messina, Milazzo, Napoli, Palermo, Pozzallo, Reggio Calabria, Riposto,
Salerno, Siracusa, Torre Annunziata, Trapani, Vibo Valentia and Villa San Giovanni.

The GIS database is continuously updated to include all available technical informa-
tion regarding the selected seaports. Figure 1 shows the thirty ports under investiga-
tion: the 19 green coloured ports are the ones recently added in the GIS database.

Most of the selected ports are located in the Southern regions of Italy, which are the
ones characterized by higher seismicity: 10 ports are sited in Sicily and 7 in Calabria
Region, 4 ports are located in Campania, 3 in Puglia, 3 in Lazio, 2 in Tuscany and, fi-
nally, 1, the port of Ancona, in the Marche Region.

The GIS database collects the information acquired in purposely devised and cali-
brated questionnaires that the port authorities are asked to fill in. The question themes
are organized as check lists, in order to create a basic and standard database that can
be integrated in different time steps with the introduction of further data. The ques-
tionnaires are organized in three parts (Bozzoni et al., 2010). The first general part of
the technical card includes indicators which define the strategic role played by the
port at national level and information regarding: typology of the port traffic, prevailing
functions carried out by the port structure, seismic classification of the area where
the harbor is located, range of depths of the sea-bottom inside the port basin, geo-
morphologic and lithological characteristics of the sea-bottom and exposure to the
winds. The second part of the questionnaires concerns relevant structural and geot-
echnical features affecting the seismic vulnerability of wharf structures, such as the
lithostratigraphic properties of the deposit where wharves are founded, the category
of the foundation soil, the use of wharves, their state of repair, structural typology, di-
mensional characteristics, constitutive materials and the possible existence of retro-
fitting and consolidation measures. Recently, the questionnaire has been integrated
to obtain information about port security management according to Italian legislation.
To this aim, a new section has been added to the previous questionnaires requiring
information about the security procedures adopted by the port concerning, for exam-
ple, the management of dangerous commodities.

The GIS platform is the key instrument used to merge collected data such as property
surveys, facility base maps, soil-boring data, buildings plans and facility as built-draw-
ings, referenced and tied together using a georeferenced spatial context thus creating
a geographic port data framework (Wright and Yoon, 2007).

The adopted GIS software is ESRI ArcGIS 9.1. The spatial information is encoded in
the geographic information system through two main types of data: vector data and
raster. The vector mapping is particularly suited to the representation of data that vary
discretely, such as the location of soil-boring or the representation of transport infra-
structures within the port system (power lines, water lines, etc.). The adopted vector
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data format is the shapefile, developed and regulated by ESRI and issued substantially
as open source in order to increase interoperability among ESRI and other GIS sys-
tems. As the matter of fact, the shapefile is the most popular vector format. The raster
map is more suited to the representation of data which vary continuously, such as the
maps that represent the settlements induced by soil liquefaction in the port area (Boz-
zoni et al., 2011). Raster and vector data coexist and complement each other increasing
the system capabilities.

The collected and processed technical data of each seaport are shared with the Italian
Department of Civil Protection through the implemented WebGIS architecture system,
described in the following.

WebGIS platform: the Calabrian seaports

Data, information and results of calculations can be made available and searchable
online through the development of specific functionalities with appropriate WebGIS
applications (Yang et al., 2005). The GIS platform of seaports is integrated and har-
monized with all the services that EUCENTRE is developing for the Italian Department
of Civil Protection as GIS databases useful to asses seismic risk of Italian strategic
buildings (e.g. schools, hospitals), lifelines and dams. The complex WebGIS Architec-
ture, whose creation is currently underway, allows a homogenous and composite flow
of information to the Department of Civil Protection.

The core of the WebGIS platform consists of layers that appear in the left window of
Figure 2. There are two types of layers: general layers and specific layers concerning
the port. The general layers are the following:

• Administrative boundaries, i.e. Italian regions, provinces and municipalities.

• Catalogue of Italian earthquakes, named Parametric Catalogue of Italian Earth-
quakes – CPTI04, themed on the basis of the magnitude of the events.

• Database of individual seismogenic sources, shown in figure 2 (DISS, v 3.1.1;
http://diss.rm.ingv.it/diss/Downloads.html).

For each of the thirty ports included in the database, the following basic information were
collected in the WebGIS platform: the ID code (assigned); an image of the port area; ge-
ographic coordinates (latitude and longitude); the sea name; the Region, Province and
Municipality with their ISTAT codes; the authority that manages the port with address,
phone/fax, director, coordinator and related e-mail address; category and class of the
port; quadrant of prevailing winds; type of sea-bottom; minimum and maximum sea-
bottom depth; predominant function of the port; seismic zone, updated to the latest seis-
mic classification (2010), provided by the Italian Department of Civil Protection.

Specifically, the WebGIS platform provides for the seven ports under investigation of
the Calabria Region a database with geological, geotechnical and bathymetric data
and information on the structural and infrastructural elements of the seaport system.
Thanks to the support of the Italian Department of Civil Protection and the Italian High
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Council of Public Works (Ministry of Infrastructures), reconnaissance surveys were
carried out in order to acquire technical data concerning the ports of Gioia Tauro, Reg-
gio Calabria, Vibo Valentia, Crotone, Corigliano, Villa San Giovanni and Catanzaro. The
visit at each port allowed also a direct view of the strategic port elements, whose tech-
nical data has been kindly provided by the port authorities. The collected data con-
cerning the Calabrian seaport structures has been processed and organized in the
WebGIS platform, where the following pieces of information are now available:

• Digital and georeferenced general plan view of the port.

• Digital and georeferenced bathymetry, appropriately themed based on the sea-bot-
tom depths.

• Technical data related to the wharf structures, including, for example, their desti-
nation, structural typology, state of repair, dimensional characteristics, constitutive
materials and possible measures of retrofitting.

• Data from geotechnical investigation performed in the port area in order to define
lithostratigraphic model of the deposit where wharves are founded.

• Availability of backup areas suitable for civil protection purposes in case of an earth-
quake (e.g. existence of emergency zones to be allocated to host tent camps for
displaced persons).

• Accessibility of the port from the sea (i.e. inlet and basin of evolution), from ground
level (i.e. access ways linking the port area to roads, railway lines, etc.) and from
the sky (specifically helicopter landing pads).
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• Port facilities and infrastructures of strategic importance for the civil protection pur-
poses, such as National Fire Watch Corps stations within the harbour area, storage
sites of dangerous goods, bunkering facilities, etc.

• Distance between harbor and the main airports of the Calabria Region.

• Tsunami hazard maps developed by the University of Bologna in the first phase of
the project (EUCENTRE-PE5, 2008); with specific reference to Gioia Tauro port, the
estimated run-up and areas of flooding of anomalous waves caused by seaquakes
have been inserted in the WebGIS platform.

Figure 3 shows an extract of the WebGIS platform for the port of Crotone, located in
the central part of Calabria Region.

The tools available in the WebGIS are divided into the following three categories:

• “Navigation tools”, incorporated into a floating toolbar, as shown in figure 3, which
contains:

– zoom, e.g. default zoom levels, fully extended zoom, zoom in and zoom out, zoom
on an area defined by the user;

– visualization tools, e.g. the pan for navigation and the arrows that have the ability
to switch easily between the previous and next navigation;

– measuring instruments, both of area and distance between two points, defined
by the user;
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points to the port area, port facilities and infrastructures of strategic importance for civil protection purposes.
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• “Tools for data queries”, namely:

– search by filtering ports on the basis of location, e.g. Region, Province and Mu-
nicipality, sea and seismic zone;

– “identify”, which allows the consultation of the information content of the data-
base record associated with the represented object by clicking on the object itself.
General information about the port appear in the “basic data” window (figure 3
shows the basic data relating to the port of Crotone); technical data related to the
port structural elements are shown in the “detailed data” window;

• “Real-time analysis”, a calculation tool, integrated into a floating toolbar, which per-
mits “real time” to estimate the expected damage to the most important structures
of a harbour, e.g. wharves, in the immediate aftermath of an earthquake. The de-
scription of this tool and its application with reference to the seven ports of the Cal-
abria Region is illustrated in the following section.

REAL-TIME SEISMIC DAMAGE SCENARIOS USING THE WEBGIS

Damage assessment of seaports under earthquake loading is of fundamental impor-
tance due to their strategic role in the economy of a Country. In fact, loss of function-
ality or reduction in capacity of port facilities can cause severe consequences, both at
local and national level. Damage caused by a seismic event on port strategic struc-
tures has both immediate effects because of the key role played by ports for civil pro-
tection purposes and long-term consequences impacting significantly the economy
of entire regions because of the considerable time required to rebuild or repair dam-
age to restore normal operating conditions.

The WebGIS platform is not only a collection of heterogeneous data that can be visu-
alized through various layers, but is also a robust and dynamic engine capable of pro-
cessing basic primitive information and compute newly-generated data such as
seismic damage scenarios at a specific seaport. In the project framework, a GIS-based
procedure for damage assessment of seaport structures has been set up starting from
the definition of the seismic hazard accounting for contributions of both site effects
and liquefaction susceptibility. Seismic damage to structures is assessed through
fragility curves and expressed in terms of potential level of damage, probability of
loss of functionality and required time of restoration, which constitute the basis for
the estimation of economic and social losses. This procedure has been applied to the
case-study of Salerno port, one of the major maritime Italian seaport, located in an
area of   moderate seismicity (further details in Bozzoni et al., 2011). It is important to
point out that all the steps of the procedure can be carried out at various levels of
complexity, applying more sophisticated algorithms and approaches depending on
the availability and quality of the data.

Based on the above mentioned procedure, a computational methodology has been
implemented in order to develop, “real time”, seismic damage scenarios for wharf
structures. The methodology, described in the following section, permits to estimate
the expected damage to wharves in the immediate aftermath of an earthquake. This
computation procedure has been fully automated and integrated in the WebGIS plat-
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form, in which the “real-time analysis tool” is now available. This system allows to
verify the seismic response capacity of the ports, which represent privileged entry
points into an area affected by an earthquake. The real-time analysis tool is particularly
suitable in the phase of emergency management, during which response times must
be fast and effective. An example of application of the system is shown with reference
to seaports located in the Calabria Region which has been recently involved by the
Italian Department of Civil Protection in an emergency training program named “Cal-
abria 2011”.

Algorithm for computation of real-time seismic damage scenarios

The code implements the procedure schematically represented in figure 4. The Ground
Motion Prediction Equation (GMPE) of Bindi et al. (2010) has been adopted for the es-
timation of the horizontal peak ground horizontal acceleration (ag) at the port site and
the fragility curves proposed by Kakderi and Pitilakis (2010) are used to estimate the
level of potential damage to wharf structures.

The procedure is based on a deterministic definition of seismic hazard: when the
earthquake occurs, the user inserts the major seismological characteristics of the seis-
mic event. The ground shaking at the site of interest is estimated through a GMPE.
The selected GMPE is that developed by Bindi et al. (2010), which has been calibrated
using records from the Italian strong-motion database. For the calculation, the re-
quired input data are the epicentral distance and the moment magnitude of the event.
The output is the average value of horizontal peak ground acceleration for hard soil
at the port, which constitutes the input parameter for the adopted fragility curves
(Kakderi and Pitilakis, 2010). Damage states of waterfront structures is estimated by
fragility curves defined as cumulative lognormal distribution functions which provide
the probability exceeding different levels of damage as a function of a specific inten-
sity of a ground motion parameter.

The curves of Kakderi and Pitilakis (2010) have been proposed for waterfront/retaining
structures for ground shaking in stable i.e. non-liquefiable soils, using available data
from past earthquakes’ damages in Europe and worldwide. These fragility curves have
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Figure 4. Sketch of the procedure for the damage assessment of seaport wharf structures in the immediate
aftermath of a seismic event.
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been developed for gravity waterfront structures with different geometry, foundation
soil conditions and seismic excitations. Most of the existing wharves in Italy are grav-
ity-type (Pasquali et al., 2010). Damage to wharves is classified into five levels: null,
minor, moderate, extensive and complete. The quantitative definition of the damage
levels is provided in Kakderi and Pitilakis (2010), according to the International Navi-
gation Association recommendations (PIANC 2001). A modified version of the algo-
rithm has been implemented which: it requires as input parameter for the fragility
curves the value of horizontal peak ground acceleration recorded on hard soil at the
port site instead of being computed from the GMPE.

Real-time analysis in the WebGIS platform: application to Calabrian seaports

The procedure described in the previous section has been fully automated in order to
be integrated in the WebGIS platform, in which the real-time analysis tool has been
made available. This tool, placed in a floating toolbar, permits to estimate in “real
time” the expected damage to wharf structures in the immediate aftermath of the
earthquake. This system has been tested during the emergency training program
named “Calabria 2011” which has been recently carried out in Calabria Region with
the coordination of the Italian Department of Civil Protection.

The WebGIS user can choose between two types of analyzes on the basis of available
data. Figure 5 shows the basic version of the code that requires, as input data, the
major seismological characteristics of the seismic event which are the geographical
coordinates, in degrees, and the earthquake moment magnitude, MW. Figure 5 shows
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features of the event.
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the simulation of the scenario associated to the March 28, 1783 earthquake, selected
for the “Calabria 2011” emergency training program. This seismic event belongs to
the 1783 Calabrian sequence, consisting of 5 strong earthquakes that hit Calabria Re-
gion. The March 28, 1783 event, the last earthquake of the sequence, was of magnitude
7 and had the epicentre near Borgia in the Catanzaro basin (Jacques et al., 2002).

The ports, which can be currently selected to perform the analysis, are the seven Cal-
abrian ports that were studied in the “Calabria 2011” program.

The results of real-time analysis are the expected levels of damage which affect wharf
structures. They are automatically saved as information in the shapefiles, purposely
developed, which represent the wharves as linear elements. Those shapefiles are the-
matized automatically according to the level of damage, from null (green line) to com-
plete (red line) as shown in the figures 6. Figure 6 shows the results of the real-time
analysis performed using the platform WebGIS during the “Calabria 2011” program
to estimate the damage of the wharves at the ports of Catanzaro (figure 6a) and Reggio
Calabria (figure 6b).

The scenarios developed during the program “Calabria 2011” show that the expected
level of damage to wharves, induced by the simulated seismic event, is null (green
line of Figure 6b for Reggio Calabria port) for all the selected seven ports with the ex-
ception of the port of Catanzaro, whose wharf structures could suffer minor damage
(yellow line in Figure 6a). Catanzaro port is the closest port of the study, to the epi-
centre, from which is distant about 15 km. The average value of peak ground acceler-
ation estimated at the port using Bindi et al. (2010) GMPE is equal to 0.180 g.

The obtained results are output using the WebGIS platform, but they can also be
shared through the available Web Feature Service (WFS) and Web Map Service (WMS).

The developed procedure, fully integrated into the WebGIS platform, should permit
to have, with sufficient approximation, an estimate of the level of functionality of the
wharf structures during the phases immediately following the earthquake.

Potential limitations in the application of the code are currently being investigated the
most important of which is the assumption of the Kakderi and Pitilakis (2010) fragility
curves that are valid only for non-liquefiable soils. Assessment of liquefaction poten-
tial and induced soil settlement was carried out in Calabrian ports where sufficient ge-
otechnical data was   available.

In ports turned out to be susceptible to liquefaction, other procedures, which take into
account the liquefaction effects in the estimation of wharves damage state, such as,
for example, the one proposed in HAZUS (NIBS, 2004), have been adopted. Prelimi-
nary observations regarding the comparison of the obtained results show that the de-
veloped methodology implemented using the WebGIS with the real-time analysis tool,
can be used to assess the expected damage to wharf structures in the immediate af-
termath of the earthquake, with sufficient approximation.

The main advantage provided by the use of this procedure consists of the type of re-
quired input data. In addition to the seismic input (i.e. the earthquake main seismo-
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logical characteristics or the peak ground acceleration at the port site), an overall but
non-detailed knowledge of the wharf geometry and foundation soil category, is suffi-
cient to perform the real-time analysis. Thus, the procedure is suitable to be applied
to the ports out of the thirty included in the WebGIS database whose basic technical
data are available.

The use of this interactive WebGIS tool is particularly suitable in the phase of emer-
gency management. Response times have to be fast and effective and the approxi-
mation of the results provided by the real-time analysis is sufficient to verify the
response capacity of the maritime entry points to the seismic event.
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Figure 6: The results obtained performing the real-time analysis using the WebGIS platform during the
program ”Calabria 2011”: estimated damage of wharf structures at the port of Catanzaro (a) and at the
port of Reggio Calabria (b).
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CONCLUDING REMARKS

The paper illustrated the ongoing research funded by the Italian Department of Civil
Protection on seaport seismic risk assessment. A crucial objective consists in the cre-
ation of a georeferenced WebGIS database of the major Italian seaports located in mod-
erate to high seismic zones. This article attempted to illustrate the main features and
capabilities of this tool. The GIS technology is a valid platform for the assessment of
seismic risk, before, during and after a seismic event, due to its inherent abilities of in-
tegration, update and processing in “real time” the available information. Coupled with
other techniques, it is a powerful instrument for the evaluation of the vulnerability of
seaport structures under seismic loading. A procedure, fully integrated in the WebGIS
platform, has been implemented in order to provide real time estimation of the potential
damage, caused by an earthquake, to wharf structures in the immediate aftermath of
the event. An application of the system has been illustrated with reference to the sea-
ports located in Calabria which is the region in Italy with the largest seismic hazard.
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