
Natural multi-hazard and building vulnerability assessment in 
the historical centers: the examples of San Giuliano di Puglia 
(Italy) and Valparaiso (Chile)  

Maurizio Indirli1, Edi Valpreda1, Giuliano Panza2, Fabio Romanelli2, Luca Lanzoni3,
Saveria Teston3, Marco Berti4, Salvatrice Di Bennardo4 and Giuseppe Rossi5  
1 ENEA, Italian National Agency For New Technologies, Energy and Environment. Italy 
2 University of Trieste and The Abdus Salam International Centre for  Thoretical Physics (ICTP). Italy 
3 University of Ferrara, Department of Architecture. Italy 
4 INFO-SURVEY, ENEA spin-off group. Italy 
5 Office of the Public Works Ministry for the Reconstruction of San Giuliano di Puglia. Italy 
 
Key words: multi-hazard assessment, building vulnerability inventory, GIS, remote sensing RS 

1 Introduction 

Everywhere in the world, most of the highly populated cities (but also a large amount of little 
towns and villages) are prone to natural hazards, which can be defined as processes, occurring 
in the biosphere, that may constitute a damaging event. The main hazardous catastrophes 
(varying in magnitude, frequency, duration, extent area, onset speed, spatial dispersion and 
temporal spacing) are: earthquakes, volcano eruptions, landslides, tsunamis, coastal erosions, 
floods, hurricanes, drought, etc. With regard to urban areas, both wild and man-induced fires 
can be also considered. Consequently, risk DR (probability of harmful consequences, expected 
loss of lives, people injured, property, livelihoods, economic activity disrupted, environment 
damaged, etc., see Fig. 1) results from the combination between hazard H, vulnerability V 
(human condition or process resulting from physical, social, economic and environmental 
factors, which determine the probability and scale of damage from the impact of a given hazard) 
and physical exposure E (elements at risk, an inventory of those people or artifacts exposed to 
hazard), divided by RM factor (Risk Management). It is worth noting that, in absolute terms, the 
economic cost of disasters has been increasing over decades (Fig. 2, [1, 2]). 
 

 
Figure 1: risk definition. 

 
In addition, the city aggregates enshrine notable cores (like urban and social tissues, historical 
and architectonical constructions, precious monuments, museums and archaeological evidences) 
of invaluable value; in fact, such kind of patrimony, which must be handed down intact to 
posterity as far as possible, is often protected by international and inland cultural heritage 
boards. Nevertheless, a huge amount of such treasures is lost for ever, due to past natural 
catastrophes; just some highlighting examples can be reminded (Fig. 3): the 79 A.D. Vesuvius 



eruption, Italy (when Pompeii, Ercolano and Stabiae were completely covered by pyroclastic 
flows); the disruption of San Francisco (California, USA) and Valparaiso (Chile) during the 
1906 earthquakes; the 1963 Vajont landslide, Italy (which swept away some small towns); the 
Firenze’s flood (1966); the Lisbon great fire (1988); the Indian Ocean tsunami (2004). 
 
 

Figure 2: world natural catastrophes -left - and economic losses - right –  
from 1950 to 2005 (source Munich Re). 

(a) (b) 

(c) (d) 
Figure 3:  Valparaiso destroyed by the 1906 earthquake (a); the town of Longarone after the 
1963 Vajont landslide (b); the 1966 Florence’s flood (c);  the 2004 Indian Ocean tsunami (d). 

 
Thus, the accomplishment of an effective pre- and post-disaster risk management is a crucial 
tool, in order to minimize disaster impacts and implement potent policies and coping capacities 
of the society or individuals, managing the multifaceted nature of risk, realizing integrated 
hazard models and adopting appropriate governance for development and reconstruction 
planning. To these purposes, different strategy levels have to be foreseen. Obviously, during the 
emergency phase, it is necessary to understand, well and quickly, the dynamic development of 
each environmental process, provide a detailed damage assessment and address prompt civil 
defense interventions. Furthermore, prevention policies are also mandatory: hazard mapping, 
vulnerability studies, building inventory, mitigation programmes and citizenship preparedness.     



In the framework of the recommendations written after a specific session regarding cultural 
heritage (organized, among others, by UNESCO and ICCROM) inside the World Conference 
on Disaster Reduction (Kobe, Japan, 2005), and enhancing what was already said by the 
International Committee of the Blue Shield (ICBS, Radenci Declaration on the protection of 
cultural heritage in emergencies and exceptional situations, 1998) it has been underlined the 
need to better integrate concerns for cultural and natural heritage (together with a close 
involvement of local communities) into the whole disaster management process, because this 
kind of patrimony is particularly at risk in the period following a natural catastrophe, but often 
emergency response activities, planning and rehabilitation are not much sensitive to this matter. 
In the last decade, Geomatics (a recently emerging technology, which can play a vital role in 
mitigation of natural disasters) has been developing. Geomatics is a conglomerate of measuring, 
mapping, geodesy, satellite positioning (GPS), photogrammetry, computer systems and 
computer graphics, remote sensing (RS), geographic information systems (GIS) and 
environmental visualization. The earth observation satellites provide comprehensive, synoptic 
and multi-temporal coverage of large areas for a wide range of scales, from entire continents to 
details of a few meters in real time and at frequent intervals. Those tools have been becoming 
valuable for continuous monitoring of earth and its atmosphere. This approach, which started 
primarily with earthquake applications, broadened rapidly to tsunami, hurricanes, storms, 
wildfires, landslides and other matters. Thus, a multidisciplinary approach to disaster 
management (consisting into two main phases, prevention and preparedness) is possible.  
a) disaster prevention: GIS and RS are used to manage the wide volume of data needed for the 
hazard and risk assessment, as, for example, early warning systems, emergency planning, 
hazard mapping, vulnerability evaluation, building inventory and, last but not least, estimation 
of socio-economic impacts on human communities. 
b) post-disaster preparedness (catastrophe survey, civil defense emergency activities, fast loss 
estimation, rehabilitation and reconstruction): GIS and RS provide quantitative damage 
assessment accurately and speedily, with cost effective, unbiased, and free from subjectivity 
techniques. All the information can be integrated into digitized databases and transferred via 
satellite networks or Internet to the rescue teams deployed on the affected zone. 
Focusing on cultural heritage safeguard, the situation outline is very inhomogeneous, where 
traditional methods (rather time consuming, labouring, expensive, and often inaccurate) coexist 
with advanced skills, used in particular for city planning, description of land use and historical 
urban development, but especially in archaeology. Regarding the latter field, GIS and RS have 
risen prominence as analytical tools, thanks to the widespread availability of GPS, high 
resolution satellite images, software improvement and sophisticated analytical models. Finally, 
because systematic and multifaceted in-depth studies are necessary to investigate major 
historical centers as a whole, due to their complexity and extension, gathering all the abounding 
information in tidy, user-friendly and standardized databases is indispensable. 
To this purpose, a pilot project has been building up, focusing disaster mitigation and 
reconstruction of San Giuliano di Puglia (Campobasso, Italy), hardly hit by the 31st October 
2002 earthquake. This experience, targeted on a small but significant town (in any case enough 
representative to check approaches and procedures), will be managed by ENEA (supported by 
qualified contributions of the Universities of Ferrara and Trieste), with the agreement of  the 
local municipality, the Office of the Public Works Ministry for the Reconstruction and the 
Italian Civil Defense. In a second time, a more elaborate effort will be faced, regarding the 
evaluation of multiple risk and structural safety in the historical part of Valparaiso (Chile), in 
the framework of an International co-operation project, which is at an advanced stage of 
definition. 
At the present time, awaiting the official start up of both the above mentioned projects (foreseen 
in the next months), a preparatory work is underway, which is identifying the basic work steps.  



2 Basic work steps 

Trying to define the basic steps of the future work (Chapter 3), recent illustrative experiences 
are reported, including some carried out by the partners. With regard to mapping, and focusing 
mainly on seismic hazard (which is certainly a topic question), since several years ICTP and 
Trieste University are developing more accurate tools for the protection of cultural heritage 
from earthquakes. In fact, the application of probabilistic approaches are not very appropriate 
nor useful. Due to the many shortcomings of this methodology [3] that can be used with some 
degree of usefulness by insurance companies (since they tend to smooth the risk over large 
areas), the approach of scenario earthquake should be preferred [4], when dealing with objects 
that should be 100% safe. At national scale level, several studies have been performed in several 
countries (e.g. Italy, India, China, Cuba) and we plan to extend the method to Chile (see point 
3.2), where we will also consider the definition of seismic input specific of the special objects to 
be protected against earthquakes. For such a purpose, we will follow the methodology 
developed and applied within the framework of the UNESCO-IUGS-IGCP project 414 
“Realistic Modeling of Seismic Input for Megacities and Large Urban Areas” [5] for the seismic 
microzonation of several towns (e.g. Delhi, Beijing, Rome, Naples, Santiago de Cuba, 
Bucharest, Sofia). This advanced method will be used as complementary tool to the 
investigations so far performed in San Giuliano di Puglia (see 3.1), using routine procedures 
(i.e. probabilistic methods). In addition, the analytical models for multi-hazard assessment will 
be extended to handle not only peak values of seismic ground motion, but primarily the seismic 
input scenarios defined by synthetic time series, calibrated, whenever possible, against 
observations. A similar approach is advisable to evaluate the occurrence of tsunamis, together 
with the development of reliable analytical models of sea waves propagation and accurate 
recording systems [6]. 
Furthermore, a GIS-based application can join hazard and vulnerability data (splitting the whole 
information into different risk categories), by tracing a polygonal model of each building (Fig. 
4, [7-8]) on detailed DTMs (Digital Terrain Models) and DEMs (Digital Elevation Models), 
merging together inputs coming from updated cadastral maps, RS satellites images (QuickBird, 
Fig. 5) and in-field DGPS surveys (diagnostics investigations and damage assessment included). 
In addition, a supplemental object-oriented reading through RS image processing can be 
provided through a classification procedure of the built-up texture, achieved by algorithms 
elaborating, for example, the building geometry, together with style and type of roofs (Fig. 6, 
[7]). Thus, geo-referred risk maps (in which single building structural features are linked to the 
surrounding environmental and social context) must identify house by house, giving a sharp 
classification of the danger level [9-10]. A remarkable study regarding vulnerability evaluation 
and building inventory is the Sana’a GIS implementation (Fig. 7), provided by the Ferrara 
University to the Yemeni authorities (2004), in the framework of the Conservation and 
Rehabilitation Plan for the Old City and other historic neighbouring settlements. A digitized 
database, after a detailed in-field survey, has been carried out, classifying all the buildings in 
different categories, depending on their architectonic relevance. Similar works, according to the 
ICOMOS Washington Charter [11], have been realized by the same university for the Baalbeck 
archaeological area (a Lebanon site included in the UNESCO List since 1995), the historic core 
of the Huguang Huiguan complex, Chongqing (China), the City of Madaba (Jordan); in 
addition, the Ferrara University has been involved as a World Bank consultant for the 
reconstruction and development plan regarding the city of Bam (Iran), destroyed by a 
devastating seismic event (26 December 2003). As told before, damage assessment cannot set 
aside the wide use of RS high resolution imagery (Fig. 8) after recent catastrophes, as 
earthquakes (1999 Marmara, Turkey; 2001 Bhui, India; Boumerdes, Algeria, 2003; Bam, Iran,  
2003, Nigata-ken Chuetsu, Japan, 2004, etc.), tsunamis (2004 Indian Ocean, etc.) and hurricanes 
(New Orleans, USA, 2005, etc.). A very rapid comparison “before” and “after” the event can be 
done for large areas, by using specific software data processing techniques, capable to classify 
all the houses depending on the damage index. 



 

Figure 4: 3D Digital hazard mapping [7].  Figure 5: building extrapolation  by using RS 

Figure 6: satellite imagery processing 
procedure [7]. 

Figure 7: Sana’a GIS database. 

Figure 8: satellite images of Bam (Iran) before (left) and after (right) the 2003 earthquake 
(source QuickBird). 

 
It is worth noting that a powerful future development of RS techniques into GIS archives could 
drive to a prompt broadly preventive identification of a potential building damage level (with 
particular emphasis on cultural heritage), i.e. its specific vulnerability under the action of a 
given event, before that the disaster occurs, in order to identify the most risky building stocks, 
perform targeted in situ surveys, incentive retrofit policies and enforce citizenship preparedness. 
The identification of a global risk factor for a given area (or a building), is another crucial step 
to carry out, because the definition of correct combination methods and mathematical 



algorithms is still almost unborn. On the other hand, since in-field campaigns are money and 
time consuming (and funds often limited), it is indispensable to define with high accuracy what 
land zones and constructions need to be overriding checked with increasing depth. For example, 
in situ surveys may include, whenever necessary, the determination of shallow geotechnical 
parameters (e.g. VS30) determined accordingly reliable advanced methodologies [12] so that a 
physically correct estimation of site effects can be performed, free from the shortcomings 
deriving from the blind application of convolutive methods [4]. Focusing on cultural heritage, 
geometric surveys, diagnostics investigations and structural vulnerability evaluations may also 
be provided by the aid of available in situ and laboratory sophisticated equipments (as, for 
example, 3D laser scanning, in addition to aerial and close range photogrammetry, but also 
shaking table and pseudodynamic tests, etc.). 
Moreover, training an multimedia activities are also fundamental. Training on the above 
mentioned multidisciplinary aspects can take place at ICTP in Trieste, in the framework of the 
activities of the Earth System Physics section. In fact, the ICTP final aim is to transfer the 
technology developed in the research activities and projects to scientists of the Third World and 
of Eastern Europe, through joint research and development projects, with special attention to 
training the potential leaders, and combining the workshops with subsequent individual projects.  

3 A brief description of the ongoing projects 

3.1 San Giuliano di Puglia (Italy) 
 
A moderate earthquake struck Molise (Italy) on October 31st, 2002, 11:35 local time; the first 
shock (M 5.9, accordingly to USGS) was followed by another (M 5.3) the day after. Spread 
damage was evident in San Giuliano di Puglia, a small town located 5 km far from the epicentre 
(Fig. 9). The maximum seismic Intensity at the site was estimate to be VIII-IX MCS, observed 
both during the 1456 and 2002 events. The images of the primary school collapse, where 
twenty-seven children and one teacher died, went around the world. The acceleration peak 
ground values (PGA) reported seem to underestimate the values (0.15-030g) expected from a 
deterministic analysis, that takes into account the seismic history and seismotectonics. This 
problem will be further investigated especially at the University of Trieste (Fig. 10). Moreover, 
most buildings, nearby the school and besides the main street, were ruined, causing two further 
victims. Damage was not uniformly distributed inside the San Giuliano narrow area, 
characterized by different levels of seismic hazard and structural vulnerability. ENEA experts 
took part in all the activities following the seismic event: i) the emergency, under the 
coordination of the Civil Defense; ii) the post emergency phase, carrying out a detailed 
evaluation of damage, drafting the demolition plan, ensuring safe conditions to the buildings to 
be repaired, and operating for allowing residents to safely reenter their non-damaged houses; iii) 
the San Giuliano reconstruction planning, in the framework of a specific working team; iv) the 
technical-scientific advice to the Office of the Public Works Ministry for some important 
reconstruction and rehabilitation projects, including cultural heritage [13]. Before the 
earthquake, San Giuliano was not classified as a seismic zone. After the earthquake, it has been 
included in zone 2 (maximum Peak Ground Acceleration PGA equal to 0.25g) in the seismic 
reclassification of Italy and the Civil Defense appointed a technical commission to provide the 
San Giuliano seismic microzoning. The study reflects zones with different geology, topography 
and seismic local amplification [13]. A specific decree of Molise Region fixed the PGA value to 
be used for the San Giuliano territory equal to 0.21g. The 1456 earthquake (maximum values M 
6.6, MCS XI) hit a large area of South-Central Italy for the first time on the December 5th’s 
night. This event probably consisted in a long series of shocks, due to the simultaneous 
activation of several seismic sources, overlapping at least three areas encircling different 
epicenters. The medieval center (Fig. 11), interesting from an historical and architectural point 
of view, was deeply investigated. In spite of the low local amplification, it presented a medium-
severe damage; only a few houses were ready for reuse. Also the more notable masonry cultural 



heritage (the historical castle and tower, Fig. 11) suffered heavy damage [14]. All the area was 
in general characterized by high vulnerability and the most usual collapse mechanisms were the 
wall failure with typical cross cracks, but also out-of-plane overturning [13]. 
 

Figure 9: San Giuliano aerial photo immediately after 
 the 2002 earthquake. 

Figure 10:  probabilistic (up) 
and deterministic (down) PGA.

 

Figure 11: the San Giuliano historical center (up) and 
earthquake damage to its castle (down). 

Figure 12: the reconstruction plan    
and yard works. 

 
In the framework of the scientific advice provided to the Office of the Public Works Ministry, 
some ENEA experts collaborated to the Reconstruction Plan of San Giuliano di Puglia (Fig. 12) 
and reviewed in detail some rehabilitation projects (in particular regarding the old castle [14] 
and the historical center) entrusted, as other works, to private consultants. Furthermore, ENEA 
presented to the San Giuliano Municipality and the Office of the Public Works Ministry, with 
the agreement of the Italian Civil Defense, a pilot proposal regarding the realization of a GIS 
digitized database. It shall consist in a user-friendly tool which organizes all the available 
information (cartography, imagery, hazard maps, cadastral data, damage and vulnerability 
assessment, reconstruction plan and projects, etc.) in a detailed and interactive building 
inventory, with the aim to focus the global disaster risk and manage the future town planning. 



The most interesting work tasks regard the reconstruction of the demolished buildings (about 
130) and the rehabilitation of the whole historical center, which has been recently put under 
protection by the Molise Region cultural heritage board. High attention will be devoted to the 
design choice of traditional and innovative antiseismic techniques, in order to minimize the risk 
and partially reward these unlucky people by realizing a new safe town. Finally, specific 
training programmes (to prepare the local technicians in handling and updating regularly the 
final system) and multimedia activities (to involve the inhabitants, especially the children, in 
risk mitigation procedures) are also foreseen. 

3.2 Valparaiso (Chile) 
 
The Chilean city of Valparaiso is included in the UNESCO Word Heritage List of protected 
sites (since 2003). In fact, it represents a distinctive case of growth, inside a remarkable 
landscape, of an important Pacific Ocean seaport (over the 19th and 20th centuries, Fig. 13), till 
to reach a strategic importance in shipping trade, which declined after the Panama Canal 
opening (1914). Thus, Valparaiso tells the never-ending story of a tight interaction between 
society and environment (Fig. 14), stratifying different urban and architectonic layers, 
sometimes struck by seismic events and always in danger. The most disruptive earthquake 
happened in 1906 (Magnitude Richter 8.3), destroying and burning down a large part of the city, 
amplifying locally the seismic energy and focusing damage in the coastal zone, in which 
reclaimed soft lands are still present. Certainly, the city is subjected to various natural hazards 
(the above mentioned seismic events, but also tsunamis, landslides, etc.) and anthropic 
calamities (mainly fire, due to the large amount of wooden houses). These features make 
Valparaiso City a paradigmatic study case about multi-hazard mitigation, and risk factors must 
be very well evaluated during the restoration phases to be foreseen in the future. The Valparaiso 
morphology can be roughly divided into two main sectors: the flat harbour area and the hill 
quarters. Neoclassical great masonry buildings, some previous colonial style constructions (still 
standing structures spared by earthquakes and following fires) and more recent architectures 
take place in the commercial quarter, with large straight streets, highways and rail tracks parallel 
to the coast. Wide areas are occupied by the port facilities until the waterfront. Otherwise, the 
steep forty nine hills, cut by ravines (quebradas) and climbed by narrow and snaky lanes, are 
deeply filled by small and squat houses, typically made by wooden frames, adobe panels and 
covered by zinc tinplate (calamina). Several old cable cars (ascensores) ascend the slope. The 
UNESCO protected quarter is Barrio Puerto (Fig. 15); it lies in the Southern part of Valparaiso 
and embraces a sector which, starting from the flat, reaches the facing hills. In addition to the 
above said pervading clustered homes, notable historical buildings are present (Fig. 16, [15]). 
Since 2004, ENEA convinced the Local Municipality authorities about the necessity to improve 
multiple risk evaluation and structural safety of Valparaiso City, with a special attention to its 
notable historical part. The suggested project (which is awaiting, hopefully soon, the official 
start up) is characterized by the collaboration of local universities and the Chilean Navy 
Oceanographic and Hydrographic Service. Also through RS and GIS tools, these main 
objectives will be obtained: to collect, analyze and elaborate all the available existing 
information (“state-of-the-art”), with a satisfying evaluation of the main risk factors; to perform 
topographic (DGPS) and 3D Laser-Scanner surveys; to provide studies on seismic, tsunami and 
coastal erosion hazards; to realize vulnerability analyses of the main structural typologies in 
Valparaiso (with particular regard to Barrio Puerto); to carry out an urban classification from 
high definition satellite images; to make available the results inside a GIS system, approaching a 
multiple natural risk assessment; to suggest guidelines for future interventions; to produce 
multimedia activities and accomplish training and bursary programs.  
The final goal is to realize a multi layer risk map easy to read and also attractive, making it 
useful and accessible for everyone and catching people’s attention with multimedia outputs, 
internet interactive databases, virtual reality simulations. Another important way to make the 
map interesting is to adapt it to local scale: the citizen is not interested to territorial maps in a 



large scale, the information have to regard his quarter, houses block, possibly his own home. 
Connect territorial risks to single user’s interests could be the way to approach many people. 
Another basic feature of the final output is a clear and well-organized building inventory, which 
has to: recognize the most common building typologies and simplify the features to recognize 
them (roofs, dimensions); extract morphologies connected to each typology; analyze materials, 
structures and conservation, in order to value the reaction of a single building (or typology) to 
damages. The work shall be carried out by operators (locals and Italians together) using 
standardized cataloguing sheets. 
 

Figure 13: an historic view of Valparaiso at the end of the 19th century. 

Figure 14:Valparaiso satellite 
image. 

Figure 15 : Valparaiso aerial photography 
 and localization of Barrio Puerto [15]. 

Port area Aduana building La Matriz Santo Domingo House
Figure 16: some Valparaiso notable buildings and their location [15]. 



4 Conclusions 

Geomatics (a recently emerging technology) is a conglomerate of measuring, mapping, geodesy, 
satellite positioning (GPS), photogrammetry, computer systems and graphics, remote sensing 
(RS), geographic information systems (GIS) and environmental visualization. It can play a vital 
role in natural disasters mitigation, including cultural heritage safeguard and historical centers 
risk reduction, coupled with advanced methodologies in engineering, seismology, diagnostics 
etc. Two projects (in advanced stage of definition) managed by Italian researchers could 
represent pilot experiences to enhance prevention and emergency policies, reconstruction and 
city planning. 
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