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DISASTER HAZARD MAPS
(earthquakes, tsunami, landslides, fires)

SURVEYS 
(photos, GPS, geology, laser scanner 3D)

VULNERABILITY ANALYSIS
(synthetic sheets, structural calculations)

GIS 
(geo-referenced database for risk management)

MULTIMEDIA ACTIVITIES 
(movies, workshops, publications)

FINAL PROPOSALS 
(guidelines for future interventions) IN
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LANDSLIDE HAZARD

Cooperation with UC, 
USM, OGP

 cartography
 quebradas Cerro Cordillera



FIRE HAZARD

Cooperation with UC, 
USM, OGP,OREMI, CORPO 

DEI POMPIERI
 cartography

 churches protection
 pilot study Cerro 

Cordillera



GIS DATABASE

cooperation with 
OGP,OREMI, SHOA, 

FIREMEN CORP
 cartography
 aerial photos

 vulnerability analysis



VULNERABILITY

surveys (by using an investigation form specifically

designed for Valparaı́so), and then stored in the GIS.

Different indexes properly overlapped (for example,

high architectonic quality and bad conditions,

Fig. 38a4), enabled us to identify rehabilitation

priorities.

On the basis of the above work, earthquake vul-

nerability investigation incorporated 70 structures

(Fig. 39), when exhaustive cadastral data were

available (plans, prospects, sections, construction

details, geotechnical features, etc.), excluding infor-

mal and illegal houses.

A special form was elaborated for Valparaı́so,

modeled upon established Italian procedures

(GNDT, 1999). Almost one half of the analyzed

units shows a high vulnerability index IV (22%

0\ IV\ 30 low vulnerability; 20% 30\ IV\ 45

average vulnerability; 16% 45\ IV\ 60 high

Figure 38
Investigation in the Cerro Cordillera: architectonic/urban planning analysis

Figure 39
Investigation in the Cerro Cordillera: vulnerability analysis

M. Indirli et al. Pure Appl. Geophys.
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Cerro Cordillera pilot area

In situ vulnerability 
investigation

 restoration proposals

cooperation with OGP, 
UC, Police

URBAN PLANNING 



LASER SCANNER 3D

cooperation with 
GEOCOM, OGP, FIREMEN 

CORP
 La Matriz

 San Francisco
 Hermanas de la Providencia





Objectives:

Hazard at a regional scale 

Scenario parametric tests

Validation with experimental data

Seismic input at urban scale

3 selected churches

Selected profiles with site effects

SEISMIC HAZARD



Seismic hazard map (PGA in m/s2 with 10% 
probability of exceedence in 50 years) of 

Chile using the probabilistic approach 
(see http://www.seismo.ethz.ch/gshap/)

SEISMIC HAZARD National scale

Map by LIA Montessus de Ballore (CNRS-INSU and Univ. 
de Chile) and IPGP tectonics lab (R. Lacassin) showing the 

2010 event in the context of historical seismicity

http://www.seismo.ethz.ch/gshap/
http://www.seismo.ethz.ch/gshap/


Horizontal PGA distribution and Period in seconds of its maximum after 
hazard deaggregation of the  1906 and 1985 events

SEISMIC HAZARD Regional scale



El Almendral station: acceleration, velocity 
and displacement for the 1985 event. 

a) computed (unilateral rupture) 

b) recorded. 

SEISMIC HAZARD Validation

Comparison of response spectra at 
UTSFM site: recorded, this study and the 
one simulated by Somerville et al., 1991. 

Figure 24
El Almendral station: horizontal (N50E) component of acceleration, velocity and displacement for the 1985 event: a computed; b recorded

(thanks to R. Saragoni and S. Ruiz)

Hazard Evaluation in Valparaı́so



Groundshaking scenario in the Valparaiso urban area for the 1985 event.  
NS component of velocities for bilateral rupture. 

SEISMIC HAZARD Urban scale
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SEISMIC HAZARD Seismic input for 3 selected churches

Example of seismic input computed at the La Matriz church: 1906 scenario, unilateral rupture. Displacements, 
velocities and accelerations for the two horizontal (North–South, NS, and East–West, EW) components of motion



 
Bedrock model (depth) at El Almendral 

and the position of the two profiles with 
their parameters. 

Radial component of motion along profile 2. 
1906 scenario

SEISMIC HAZARD Profiles & site effects



Spectral amplifications obtained along profile 2. 
From top to bottom: radial and transverse component.  

SEISMIC HAZARD Profiles & site effects



SHOA Inundation maps

TSUNAMI HAZARD



Earthquake Scenarios

We generate a set of tsunami scenarios at the site of Valparaiso, associated to 
different “scenario” earthquakes that can be classified, according to their different: 
a) magnitude, 
b) occurrence period, Tm, to be intended solely for an engineering analysis, and 
c) risk level: 

Magnitude 7.0  	 	       Frequent       (Tm≈70-80 years) 
Magnitude 7.5  	 	       Occasional    (Tm≈120-140 years, Strong) 
Magnitude 7.8 (1985) 	  Sporadic       (Tm≈200-250 years, Very Strong) 
Magnitude 8.3 (1906) 	  Rare             (Tm≈500 years, Disastrous) 
Magnitude 8.5  	 	       Exceptional   (Tm≈1000 years, Catastrophic) 

TSUNAMI HAZARD



Tsunami signals for the reference case (1D) and 
different laterally heterogeneous models (2D).

Tsunami signals computed at Valparaiso site 
(about 50 km) for different magnitudes (from 

7.5 to 8.7) considering extended source models. 

Laterally heterogeneous models & Extended sources
TSUNAMI HAZARD

see the NOAA website for real-time modelling of the 
February 27, 2010 Chile event

http://nctr.pmel.noaa.gov/chile20100227/chile20100227-
valparaiso.html

http://nctr.pmel.noaa.gov/chile20100227/chile20100227-valparaiso.html
http://nctr.pmel.noaa.gov/chile20100227/chile20100227-valparaiso.html
http://nctr.pmel.noaa.gov/chile20100227/chile20100227-valparaiso.html
http://nctr.pmel.noaa.gov/chile20100227/chile20100227-valparaiso.html
http://nctr.pmel.noaa.gov/chile20100227/chile20100227-valparaiso.html
http://nctr.pmel.noaa.gov/chile20100227/chile20100227-valparaiso.html


a) Maximum height (for point and extended sources)
b) amplification compared to the reference event (1906 earthquake) 
for the scenario earthquakes considered. 

Using as a base of knowledge the inundation map provided by SHOA (1999) 
associated to the 1906 event, an upper bound of the multiplication factor for 
the tsunami hazard associated to be used for the different scenarios can be 
read in Figure: the tsunami heights, computed with a scaled and an extended 
source, are plotted versus magnitude and the associated amplifications (using 

as reference the 1906 level) are shown:

Final remarksTSUNAMI HAZARD



The project showed importance and effectiveness of GIS databases in 
studying historic centers, important for their patrimonial value, prone to 
natural/anthropic disasters.  At the present the methodology has been 

sufficiently defined in case of earthquake (hazard mapping; building 
inventory; architectonic/urban planning, structural vulnerability analyses; 

intervention pro- posals; etc.). 
It originated important initiatives and further cooperation between Chile 

and Italy, now in progress, regarding heritage protection.

THE END ?

Hazard Evaluation in Valparaı́so: the MAR VASTO Project

MAURIZIO INDIRLI,1 HOBY RAZAFINDRAKOTO,2,3 FABIO ROMANELLI,4 CLAUDIO PUGLISI,1 LUCA LANZONI,5

ENRICO MILANI,6 MARCO MUNARI,7 and SOTERO APABLAZA
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Abstract—The Project ‘‘MAR VASTO’’ (Risk Management in

Valparaı́so/Manejo de Riesgos en Valparaı́so), funded by BID/
IADB (Banco InterAmericano de Desarrollo/InterAmerican

Development Bank), has been managed by ENEA, with an Italian/

Chilean joined partnership and the support of local institutions.

Valparaı́so tells the never-ending story of a tight interaction
between society and environment and the city has been declared a

Patrimony of Humanity by UNESCO since 2003. The main goals

of the project have been to evaluate in the Valparaı́so urban area
the impact of main hazards (earthquake, tsunami, fire, and land-

slide), defining scenarios and maps on a geo-referenced GIS

database. In particular, for earthquake hazard assessment the real-

istic modelling of ground motion is a very important base of
knowledge for the preparation of groundshaking scenarios which

serve as a valid and economic tool to be fruitfully used by civil

engineers, supplying a particularly powerful tool for the prevention

aspects of Civil Defense. When numerical modelling is success-
fully compared with records (as in the case of the Valparaı́so, 1985

earthquake), the resulting synthetic seismograms permit the gen-

eration of groundshaking maps, based upon a set of possible

scenario earthquakes. Where no recordings are available for the
scenario event, synthetic signals can be used to estimate ground

motion without having to wait for a strong earthquake to occur

(pre-disaster microzonation). For the tsunami hazard, the available
reports, [e.g., SHOA (1999) Carta de Inundacion por Tsunami para
la bahia de Valparaı́so, Chile, http://www.shoa.cl/servicios/

citsu/citsu.php], have been used as the reference documents for

the hazard assessment for the Valparaı́so site. The deep and
detailed studies already carried out by SHOA have been

complemented with (a) sets of parametric studies of the tsunami-

genic potential of the 1985 and 1906 scenario earthquakes; and (b)
analytical modelling of tsunami waveforms for different scenarios,

in order to provide a complementary dataset to be used for the

tsunami hazard assessment at Valparaı́so. In addition, other tar-

geted activities have been carried out, such as architectonic/urban
planning studies/vulnerability evaluation for a pilot building stock

in a historic area and a vulnerability analysis for three monumental

churches. In this paper, a general description of the work is given,
taking into account the in situ work that drove the suggestion of

guidelines for mitigation actions.

Key words: Hazard, vulnerability, risk, GIS, earthquake sce-
nario, tsunami.

1. Introduction

1.1. The Project ‘‘MAR VASTO’’ and its Partnership

‘‘MAR VASTO’’ (MAR VASTO, 2007; http://

www.marvasto.bologna.enea.it), funded by BID/

IADB (Banco InterAmericano de Desarrollo/Inter-

American Development Bank), has been coordinated

by ENEA (Italian Agency for New Technologies,

Energy and the Environment), with the participation

of several partners (Italy: Ferrara University,

Departments of Architecture and Engineering; Padua

University, Department of Structural and Transpor-

tation Engineering; Abdus Salam International Centre

for Theoretical Physics/Trieste University; Chile:

Technical University Federico Santa Maria of

Valparaı́so, Civil Works Department; University of

Chile in Santiago, Division Structures Constructions

Geotechnics), and support of local stakeholders.

Valparaı́so being included since 2003 in the UNE-

SCO Word Heritage List of protected sites, the

project’s main goals have been the following: to

collect and elaborate existing information and artic-

ulate a satisfactory evaluation of main hazards; to
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Building a culture of prevention is not 

easy. While the costs of prevention have 
to be paid in the present, its benefits lie 

in a distant future. Moreover, the 
benefits are not tangible; they are the 

disasters that did NOT happen.

Kofi Annan, 1999 (document A/54/1)
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