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1. INTRODUCTION 

The test sites of this study are Lagos, in the south Portuguese coast, and Cascais in 

the Portuguese west coast (figure 1.1) 

 

Figure 1.1 Location of Portuguese sites: Lagos (A) and Cascais (B) 

 

According to historical reports, several catastrophic earthquakes and tsunamis affected 

this area in the past. The well known 1st November 1755 earthquake and tsunami, that 

destroyed large part of the Lisbon town and seriously affected the southwestern coast 

zones of Portugal (and also the coasts of Morocco and Spain), shows the relevance of 

the seismic hazard in this zones. As it is not possible to avoid this kind of phenomena, 

the populations must act to reduce the risk and must be prepared for the social and 

economic impact of such events. The long periods between large events, together with 

their unpredictability, can lead population to forget developing preventive actions. 

In this project we will perform the geological and geophysical characterization of the 

two selected sites, with the identification of the main seismic and tsunami sources, in 

order to assess the tsunami hazard and perform scenario studies. 
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The main objective is to improve the interaction between experts, policy makers and 

citizens in order to develop comprehensive and participatory procedures for prevention. 

Using a vulnerability and resilience methodology, the characteristics of each site and 

community will be identified allowing the estimation of their potential resilience.  

During 2012 the geophysical characterization of the two selected sites was performed. 

Old data were revised and updated and new data were acquired and interpreted. In 

2013, the results will be presented to national and local institutions in the fields of urban 

planning, infrastructure development, and prevention of natural disasters, as well as to 

the general population. The vulnerability and resilience methodology will be 

implemented and simple measures will be disseminated in order to reduce the risk and 

to increase the resilience.   

Figure 1.2 presents the seismic events of the Portuguese catalogue in the area defined 

by latitudes 35 ° N to 43 ° N and longitudes of 5.5 º W to 13 W. According to the current 

knowledge, the main sources able to produce significant events for the two sites are in 

the area. 

 

Figure 1.2 Seismic events in the southern region of Portugal up to the end of October 2011 

(after Matias et al., 2012) 
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2. GEOLOGICAL AND SITE CHARACTERIZATION OF LAGOS 

2.1 Recent geological environment 

The city of Lagos is settled on the Lagos Portimão Formation, a predominantly 

sandstone outcropping carbonate of Miocene age - 20 to 5 MA- that often support a 

well-developed karst filled by detriticl clay materials of Plio Quaternary age (figure 2.1) 

The main tectonic feature at regional level is the system of faults in the NS direction, 

referred to generically as Portimão fault. This is the seismogenic structure with highest 

potential in this region inland. This accident, which has essentially vertical movement 

(Terrinha, 1998; Terrinha et al, 1999) has an extension of about ten kilometers, 

extending from Guenos, north of Portimão to Praia da Rocha (figure 2.1). During the 

Quaternary the fault was reactivated working in a tectonic regime of strike-slip (Dias, 

2001). 

 

 

Figure 2.1 Geology and tectonics of the Lagos area. A – Lagos Fault; B – Portimão Fault 

(geological map from Manupella, 1992) 

 

The urban area of Lagos is crossed by the Lagos Fault, that has been active during the 

Cretaceous (± 140MA), working as a normal fault, and was reactivated in the 

Quaternary as an inverse fault (Terrinha, 1998; Dias, 2001) 

A
B
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The city of Lagos is almost entirely settled on the Lagos-Portimão Formation (a 

carbonate of Miocene age - 20 to 5 MA essentially composed by sandstones and 

calcarenites with fossils), yet having a small outcrop of gravel pits and terraces (figure 

3.2). Often it supports a well-developed karst, filled by detritic clay materials of Plio 

Quaternary age. This heterogeneity can create situations of fragility and greater 

sensitivity to the built structures. On the waterfront and the area north of the city alluvial 

formations occur (recent sediments slightly compressed and permanently saturated) 

 

 

Figure 2.2 Sketch of the surface geology of Lagos Historical Center (Leite, 2003) 

 

2.2 Site effects and microzoning 

In 2003 an ambient vibration survey was performed in order to characterize the 

dominant frequencies of Lagos surface formations. The experiment consisted on 

recording ambient vibrations at 140 points inside the city, according to a regular grid 

with 50m spaced. The work was carried out in collaboration with Lagos Municipality.  

Figure 2.3 presents the topography and the dominant frequencies of Lagos Historical 

Centre. In spite of the smooth topography, where it is possible to see traces of the beds 

of ancient rivers, the dominant frequencies exhibit an heterogeneous pattern that 

should be due, not only to the surface geology but also to heterogeneity in depth that 
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could be associated with deeper ancient streams that may have their beds filled with 

alluvial deposits. 

However, as the experiment was performed in the urban centre, the interpretation 

should take into account the artificial soil cover (asphalt or sidewalk). 

 

 

Figure 2.3 Topography in meter (left) and dominant frequencies in Hz (right) of Lagos Historical 

Centre (Teves-Costa and Almeida, 2006) 
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3. GEOLOGICAL AND SITE CHARACTERIZATION OF CASCAIS 

 

In the analysis of site effect it is essential to include the existing geological and 

geotechnical information. With this objective the available information was selected and 

processed in a Geoscientific Information System for the parish of Cascais. 

The Geoscientific Information System was structured considering the available 

geographic, geological and geotechnical relevant information. This task has been 

developed in several steps: 

1 – Selection of the relevant geographic information included in the Municipality 

Planning 

This task was performed in collaboration with the municipality that provided in digital 

format the layers contained in the Geographic Information System (GIS) that support 

the municipal managing plan (PDM). Among the information provided for the 

development of the initial works: 

 Topographic map with contour elevation lines (interval of 1 m); 

 Digital Terrain Model (DTM); 

 Bathymetric map; 

 Geological map; 

 General information: urban areas, green spaces, roads, administrative 

boundaries, etc.; 

 Orthophotomaps (2000 digital aerophotographic survey). 

 

2 – Retrieval and organization of the existing geotechnical and geological data 

Analysis will be mainly carried out considering site investigation reports, scientific 

publications and other relevant information.  

Since it is necessary to explore several sources the efforts to collect the geotechnical 

information were concentrated in the Portuguese Geological Survey (LNEG) and in 

main geotechnical companies. 
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3.1 Site Investigation Reports 

It was possible to gather almost 60 reports which have been catalogued and analyzed 

to select the relevant data. The ongoing analysis requires the borehole location which 

was also digitized from design maps.  

The selected data will be digitalized and included in a georeferenced geotechnical 

database with the borehole and in situ test information.  

 

3.2 Geological map and modeling 

The area of the parish of Cascais is represented in the Geological Map of Portugal, in 

the scale of 1:50 000, sheet 34-C Cascais (Ramalho et al., 1999, 2001), available in 

paper and digital format. In the implementation of the Geographic Information System 

the information has been processed using the 1:25 000 scale (sheets 429 and 430). 

The analysis of Geological Map (figure 3.1) shows the existence of formations aging 

from Jurassic to recent. Considering the use of this information in the analysis of site 

effect the geological formations were grouped into two sets: bedrock and superficial 

formations (figure 3.2). 

The superficial formations, which determine the existence and magnitude of site effects 

includes different materials, with different geological genesis and evolution: 

Holocene formations: 

- Artificial superficial deposits (not represented in the geological maps) 

- Alluvium 

- Beach sand 

- Dune sand 

Pleistocene formations: 

- Consolidated dune sand 

- Sand and gravel with undifferentiated genesis  

- Marine terrace deposits  

 

The geological map information is important in evaluating the site effects but 

insufficient, because it is still necessary to estimate the thicknesses of the weathered 
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soil and the superficial formations, as well as some fundamental physical properties 

(densities and shear waves velocities). 

 

 

Figure 3.1 Geological map of Cascais region (from Ramalho et al., 1999) 

 

Among the major difficulties we emphasis the importance attributed to the superficial 

formations, not always represented in the geological maps, such as the artificial 

superficial deposits. To achieve the proposed objectives it becomes necessary to 

improve the existing information, through the analysis of geomorphological features 

and existing geotechnical site investigation data, including borehole data. 

The interpretation of the geological map integrating the geomorphological analysis 

allows elaborating a geological model and a geotechnical draft model. This initial model 

will be further improved with the use of geotechnical data using the GIS. 
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Figure 3.2 Soil and rock outcrop in Cascais parish 

 

Since in the areas without superficial deposits or relevant weathered materials are not 

predictable site effects resulting from the characteristics of the surface, the analysis in 

these areas, which correspond to major proportion of the area, the major efforts must 

be concentrated in areas corresponding to the most unfavorable situations where the 

measures of environmental vibrations should be carry out. 

 

3.3 Soil characterization 

Ambient vibration surveys are being carried in the most relevant surface deposits in 

order to characterize the shallow formations. These results will be further used, 

together with the information gathered from borehole reports to modeling the soil 

seismic response. Figure 3.3 presents an example of the H/V curves obtained from 

ambient vibration records. 
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Figure 3.3 H/V curves obtained from ambient vibration records acquired in two different alluvial 

valleys in Cascais region. 
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4. TSUNAMI CHARACTERIZATION IN LAGOS AND CASCAIS 

 

It is well established that catastrophic earthquakes and tsunamis affected the area in 

the past as described in the historical records of the countries facing the Gulf of Cadiz: 

Portugal, Spain and Morocco and presented in recent compilations (cf. Baptista and 

Miranda, 2009, and references herein), Figure 4.1. 

To investigate the impact of tsunami events in the area it is necessary to define the 

seismic scenarios able to generate tsunamis in this area. In this study we employ the 

concept of typical fault to infer the Maximum Credible Earthquake Scenarios (MCE). In 

this work we use the Seismic-Tsunami regions defined in Miranda et al. (2008) and 

Omira et al., 2009, 2010. These regions are presented in Figure 4.2. 

 

 

Figure 4.1 Tsunami events due to earthquake sources in North East Atlantic 

 



CERU - Project VULRESADA 
_____________________________________________________________________ 

 

____________________________________________________________________
WP2 – Activity Report 2012  14 

 

Figure 4.2 Source areas. Circles depict earthquakes of the period 1970-2010. GL (Glória); 

Seismic-tsunami source areas: GO (Gorringe); HM (Horseshoe and Marquês de Pombal); AL 

(Algarve); GA (Gibraltar-Alboran). 

 

The study published by Omira et al. (2009) clearly shows that the most important 

tsunamigenic area that may impact Lagos and Cascais simultaneously is the 

Horseshoe – Marquês de Pombal. 

The fault parameters for each model associated with the sources presented in figure 

4.2 are presented in Table 4.I. 

Table 4.I  
Fault parameters for the faults depicted in figure 4.2.  L- Length, W – Width 

Fault  L (km)     W(km)    slip(m) Strike(º)    Dip(º)    Rake(º)    Mw 

FGA 54   292.7   8.3 

 22   200 11.1       334.6         25 90 8.0 

 57   346.3   8.3 

FNG 137 60 8.3 233.0 25 90 8.1 

FF 106 70 10.7 222.1          25 90 8.2 

Ext. 

FMP           
86 70 8.0 200.0          25 90 8.0 

FBP 100 55 7.2      267.3          25 90 8.0 
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4.1 Lagos 

In the framework of previous EU FP6 projects NEAREST and TRANSFER tsunami 

wave height and inundation maps for the test site Lagos were computed using the 

Horseshoe scenario (Omira et al., 2010). These maps can be used in a later stage of 

the present project in vulnerability studies. 

 

Figure 4.3 Maximum Wave height for the Horseshoe scenario and tsunami 

 

4.2 Cascais 

4.2.1 Areas prone to tsunami inundation 

The work presented here for Cascais was funded by Camara Municipal de Cascais. In 

order to assess the vulnerability of the area to tsunami impact we selected 6 segments 

defined below. For these segments high resolution inundation maps will be computed 

for the Municipality of Cascais. These areas were delimited by the 20 m topographic 

contour that we considered as the maximum run-up and do not correspond to results of 

hydrodynamic simulations. Figure 4.4 depicts the total area prone to tsunami flooding 

in the Cascais area. 
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Figure 4.4 Total area prone to tsunami inundation in Concelho de Cascais 

 

Figure 4.5 presents the most vulnerable area to tsunami inundation. The area includes 

downtown Cascais and its historical centre with a high population density; the area 

includes the main commercial areas and historical sites of the city. 

The descriptions of the 1755 tsunami in the city report: “the sea entered the Vila and 

reached the Old pit an Santa Clara…in the river damaged small ships and fishermen 

boats” 
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Figure 4.5 Area prone to tsunami inundation in Cascais vila 

 

 

4.2.2 Map of Maximum Wave height Cascais area 

 

In order to simulate the tsunami scenario we use the scenario presented in Baptista et 

al. (2011). This scenario corresponds to the total rupture Horseshoe segment with fault 

parameters compatible with an earthquake of magnitude 8.5; this scenario is 

compatible with the historical observations at Bugio Castle (Baptista et al., 2011). 

 Figure 4.6 depicts the maximum wave height along the Cascais coast of a tsunami 

generated by an earthquake of magnitude 8.5 caused by the rupture of Horseshoe 

fault. The analysis of the figure shows that maximum wave heights are observed close 

to Cascais and Carcavelos, 8-10 m. For the remaining areas we can observe wave 

heights of the order of 5 meter. 

 

Cascais 

Cascais 
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Figure 4.6 Maximum Wave height Map for Cascais coast 
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5. VULNERABILITY AND RESILIENCE METHODOLOGY 

5.1 Introduction 

Understanding resilience as the capacity of socio-ecological systems to support 

disturbances and reorganize, the relationship between resilience and planning is very 

relevant. 

The development of a set of core indicators that measure social vulnerability is the key 

to the improvement of resilience and sustainability of coastal communities. 

The development of coastal resilience indicators is in its infancy and at present is no 

standard methodology or framework for conducting baseline assessments of resilience. 

The identification of metrics and standards for measuring resilience is still a 

challenge. This project aims at exploring the replication of a methodology developed in 

Hazard and Vulnerability Research Institute (HVRI), University of South Carolina - USA 

for a set of indicators to measure characteristics of community based on their potential 

resilience. By setting the basic conditions, it becomes possible to monitor changes in 

resilience from time to time in certain locations, allowing a comparison between 

different places.  We will apply the model as a proof test for two Portuguese coastal 

cities: Lagos and Cascais. The impacts of natural disasters within this region are 

widespread and vary extensively: different natural hazards can be identified to these 

cities but this project only concerns the characterization of geological hazards taking 

into consideration past occurrences and the probability of future events due to the 

regional geologic and geophysical conditions.  

Cutter and colleagues (Hazard and Vulnerability Research Institute - HVRI, University 

of South Carolina) using the model of disaster places (DROP model – Disaster 

Resilience of Place), suggests that social vulnerability is a multidimensional concept 

that helps to identify those characteristics and experiences of communities (and 

individuals) that allow them to respond and recover from natural disasters, and in this 

sense it is not disconnected from the concept of resilience (figure 5.1)  

Since it is often difficult to measure resilience in absolute terms, we use a comparative 

approach and employ variables as proxies for resilience. 

Two considerations for variable selection:  

1) justification based on the extent literature on its relevance to resilience;  and 

2) availability of consistent quality data from national data sources.  
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Figure 5.1 Community resilience (from Susan L. Cutter, Urban Paper for the Urban 

Coast Institute, s.d.) 

 

 

5.2 DROP Model – Disaster Resilience of Place 

The DROP model presented the relationship between vulnerability and resilience in a 

manner that is theoretically grounded and amenable to empirical testing.  

There are four key set metrics that are necessary to build profile or baseline of 

community resilience (figure 5.2).  

DROP framework explicitly focused on antecedent conditions, specifically those related 

to inherent resilience.  

Disaster impacts may be reduced through improved social and organizational factors 

such as increased wealth, the widespread provision of disaster insurance, the 

improvement of social networks, increased community engagement and participation, 

and the local understanding of risk as well as through improvements in resilience within 

natural systems.  
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There is consensus within the research community that resilience is a multifaceted 

concept, which includes social, economic, institutional, infrastructural, ecological, and 

community elements. 

 

 

 

 Figure 5.2 Community resilience baseline(from Susan L. Cutter, Urban Paper 

for the Urban Coast Institute, s.d.) 

 

Based on these findings, our index comprises these subcomponents that were then 

further defined for analytic and comparative purposes.  

The systematic development of such locally-based vulnerability assessments provides 

the basic understanding of the risk and its likely impacts and is the starting point. 

Once we know where and how communities are vulnerable, strategies for improving 

their resilience can be targeted more effectively.  

 

5.2.1 Data for Social Vulnerability (using SOVI methodology) 

The Social Vulnerability Index (SOVI), first developed in 2003, uses a common set of 

broad indicators to explore differences in social vulnerability among places. 

Graphically illustrates the uneven capacity for preparedness and response and 

provides a useful benchmark for allocating resources to compensate for the different 

levels of vulnerability. 
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Data: a set of 30 variables (among the 42 of SOVI) are used (listed in the Table 5.I), 

and represent the data needs for constructing the social vulnerability metric for 

communities. 

Table 5.I 

 

 

Procedures: The SOVI is produced through a statistical procedure called PCA which 

reduces the 30 variables to a series of 6-8 components that are then summed to 

produce an overall social vulnerability score. 

Once the scores are generated for each census tract or census group, they can be 

mapped to provide a visual representation of the variability in social vulnerability (for 

each region under study). 

The mapped scores also become a data layer within a GIS to analyze social 

vulnerability in relation to other metrics. 

 

5.2.2 Built Environment and Infrastructure 
 

Measures for the built environment and infrastructure provide an overall assessment of 

the amount of public and private property that could be damage by disasters and the 

likely economic losses. 
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Table 5.II 

 

It also provides an indicator of the community response capacity (e.g. public safety 

structures, shelters, health care facilities), as well as the identification of critical 

infrastructures such as pipelines, roads and bridges, water treatment and storage, 

communications, and power transmission (closure of vital roadways, bridges… results 

in interruptions in the movement of goods, people, and relief supplies to the affected 

area, and increases recovery time). 

Data: A list of candidate variables for determining built environment vulnerability is 

listed in the Table.  The most appropriate scale for these variables is at the Census 

tract or Census block group. Not all of the may be available, but the goal is to obtain as 

many as possible within each broader category. It is important, however, to have data 

representation within each category. 

Procedures: Following the statistical procedure for social vulnerability, the built 

environment variables can also be reduced to multi-variable components. The resulting 

components are then summed for each enumeration unit (e.g. census tract or block 

group) to produce an overall score on building vulnerability. 
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These scores can then be mapped using GIS to illustrate differences within a region.  

 

5.2.3 Natural Systems and Exposure 
 

Table 5.III 

 

In coastal areas wetlands and dunes offer a buffer against impending storms surges, 

while biodiversity enables the system to recover more quickly after a disturbance.  

Species at risk from over-harvesting, pollution, or habitat degradation influence the 

economic vitality of communities dependent upon them for their livelihoods and thus 

incur an economic loss when nature’s services are diminished. 

Data: The Table shows a group of candidate variables that provides a more 

comprehensive view of coastal vulnerability and resilience to disaster, those only based 

on ecosystem services. 

Procedures: This element in the framework is not statistically-derived, but utilizes 

common spatial analysis techniques such as overlays. Each of the indicators is 

represented as a separate “data layer” within a GIS and covers the entire region or 

study area. 

Once all the layers are constructed, they can be overlain within GIS to identify areas of 

overlap or intersection. 
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The higher the number of hazardous zones or sensitive areas that intersect within a 

unit of analysis, the higher the exposure level and vice versa. 

 

5.2.4 Hazards Mitigation and Planning Resilience 
 

As communities consist of physical infrastructure, emotional ties, and cultural 

institutions, it is difficult to adequately measure many of these less tangible 

components that foster resilience. 

Table 5.IV 

 

The set include elements such as local leadership, social capital and networks, the role 

of faith-based institutions within the community, non-governmental organizations, and 

most importantly, the values, ethics, and collective responsibility toward disaster 

reduction within the community. 

Data:  The Table lists those variables that lend themselves to measurement at the 

community level and thus provide a baseline for measuring progress towards 

resilience. 

Procedures: This element at the framework must be conducted at the local community 

(or municipal) level within a region. If comparing a number of different regions and their 
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communities then data is required for each region as well. Rather than providing a 

detailed analysis of each plan, a simple checklist can be developed that illustrates the 

presence of each of the elements. 

Communities can be scored based on the number of elements out of the total (e.g. 

5/15 or a score of 0.33). 

These scores can then become another baseline data layer within the GIS, where 

higher scores represent more resilient. 

Achieving loss reduction and community resilience in the face of disasters requires the 

engagement of academia, practitioners, the private sector, and the policy community. 

While there is a considerable research in the area of probability seismic national 

distribution, there is no common framework or understanding on how to measure and 

monitor community hazard resilience. 

 

It would be of great interest to use and test the DROP model in Cascais and Lagos to 

provide an approach for establishing a hazard resilience measurement baseline that 

could serve as a benchmark for monitoring progress towards disaster reduction. 

To achieve these objectives, it is necessary to develop a methodology for historical 

reconstruction of socio-demographic variables used for the Census. Thus, it is 

necessary to monitor changes in levels of social vulnerability (total) and dimensions 

that contribute to it (longitudinal analysis). 

In addition, the analysis should be planned for the future, using analog data to develop 

realistic scenarios for the future of social vulnerabilities to reduce the risk. This 

methodology may also be useful to compare the levels of vulnerability of several 

coastal (and urban) areas elsewhere. 
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6. RESEARCH TEAM 

 
Name Position Research Field Skills 

Luís Alberto 
MENDES-
VICTOR 

COORDINATOR 
- Full Professor 

Seismology;  
Historic Impact  

 Microzonation 
sismique 

 Modélisation  

António Ramos  
RIBEIRO 

Full Professor Seismotectonics ; 
Geodynamics 

 Tectonic and 
neotectonic 
environement 

Isabel 
MOITINHO 
ALMEIDA 

Auxiliary 
Professor 

Geology ; 
Geotectonics 

 Geologic 
characterizatio 

  Soil characterization 
Luís Manuel M. 
MATIAS 

Agregate 
Professor 

Seismology ;  
Geophysics 

 Seismology and 
Seismic hazard 

 Formation et 
Sensibilisation 

Paula 
TEVES-COSTA 

Auxiliary 
Professor  

Seismology ; 
Engineering 
seismology 

 Seismic 
microzonation  

 Soil response 
modelling 

Maria Ana V. 
BAPTISTA 

Coordinate 
Professor 

Seismology ;  
Tsunamis 

 Tsunami hazard 

 Tsunami 
propagation 

 Tsunami impact  

Rachid OMIRA Geophysics Tsunamis  Tsunami 
propagation 

 Tsunami impact 

Helder 
FERREIRA 

Graduate 
student 

Tsunamis  Tsunami 
propagation 

 Tsunami impact 

Cristina 
CATITA 

Auxiliary 
Professor 

Geographical 
Information Systems 

 Data management 

Manuel João 
RIBEIRO 

Director of Civil 
Protection of 
Cascais 

Sociology ; Risk  
Sciences  

 People and property 
protection  

Carmen 
DIEGO 
GONÇALVES 

Auxiliary 
Research 

Social vulnerability 
and resilience  

 Protection and 
adaptation of cities 
to risks 

Luís Carlos 
ABREU 

High school 
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7. PUBLICATIONS AND COMMUNICATIONS 

Communications 

Diego Gonçalves, Carmen, “Vulnérabilité et Résilience, des phénomènes physiques à 

des facteurs sociaux“, Seminar Project – VULRESADA (CERU & CEPRIS), 18-20 

June, 2012, Casa de Santa Maria, Cascais. 

Diego Gonçalves, Carmen, “V & R Méthodologies pour assurer la reconstruction 

historique des facteurs sócio-démographique utilisées pour les Recensement “, 

Seminar Project – VULRESADA (CERU & CEPRIS), 18-20 June, 2012, Casa de Santa 

Maria, Cascais. 

Diego Gonçalves, Carmen, Ribeiro, Manuel João & Mendes Victor, Luís Alberto, 

“Cidades Litorais. Vulnerabilidade e Resiliência no âmbito da Sociologia do Risco e 

Incerteza”, VII Portuguese Congress of Sociology, 19-22 June, 2012, University of 

Porto, Faculty of Arts and Faculty of Psychology and Educational Sciences. 

Mendes Victor, Luís Alberto & Diego Gonçalves, Carmen, “RISKS: VULNERABILITY, 

RESILIENCE AND ADAPTATION”, 15WCEE, 24-28 September, 2012, Lisbon (see 

Annex).  

 

Minutes of Meetings 

Diego Gonçalves, Carmen, Ribeiro, Manuel João & Mendes Victor, Luís Alberto, 

“Cidades Litorais. Vulnerabilidade e Resiliência no âmbito da Sociologia do Risco e 

Incerteza”, Minutes of VII Portuguese Congress of Sociology, 19-22 June, 2012, 

University of Porto, Faculty of Arts and Faculty of Psychology and Educational 

Sciences, published on line. 
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9. ANNEX 

Communication presented at the 15th World Conference on Earthquake Engineering 

(15WCEE) 

Mendes Victor, L. A. & Diego Gonçalves, C. “RISKS: VULNERABILITY, RESILIENCE AND 

ADAPTATION”, 15WCEE, Lisbon, 24-28 September, 2012.  
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The United Nations University established in 1973 the Institute 
for Environment and Human Security (UNU-EHS) to 
address risks and vulnerabilities, consequences of complex, 
acute and latent, environmental hazards.  

 

 

UNU-EHS has developed vulnerability assessment 
methodologies and vulnerability research looking at various 
hazards impacts, mostly affecting coastal areas, namely 
coastal cities.  

 

 

Over the last two decades, sustainable development became 
the most relevant political issue, stimulating diverse types of 
approaches and responses.  

 

There is, also, a growing recognition of the importance of 
managing resilience in addressing sustainable development 
problems.  
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To preserve advance human safety, principal priorities of a dedicate 
program, accordingly UNU-EHS, should consider: 

 

 (i) Vulnerability assessment, resilience analysis, risk management and 
adaptations strategies within linked human-environment systems;  

 

(ii) Internal displacement and trans-boundary migration due to environmental 
push-factors;  

 

(iii) Preparedness, adaptation, response and recovery.  

 

 

Within this framework, resilience emerges as an advantageous concept : 

 

with potential for promoting more sustainable trajectories for policy and 
planning processes; 

 

reflecting the capacity of a system (a region, an economic activity, a city, a 
household) to absorb disturbance and reorganize without collapsing or 
considerably changing their identity, avoiding to lose its fundamental 
features; 

assessing its potential to play a critical role, namely when crisis, instability, 
uncertainty and complexity are interconnected factors that characterize 
a context.  

 

SOCIO-ECOLOGICAL SYSTEMS 

Most of the activities implemented by Institute for 
Environment and Human Security (UNU-EHS) 
were centered on vulnerability assessment- the 
most crucial part of the risk equation. 

 

Nature cannot be dissociated from social systems; 
both interact in complex, non-linear, and 
unsteady stochastic ways. 

 

Community vulnerability of single or multiple 
hazards is thus best analyzed by considering 
environmental, social and economic 
dimensions, or by analyzing coupled human-
environment of socio-ecological systems. 
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SOCIO-ECOLOGICAL SYSTEMS 

Capturing antecedents and consequences of disasters 
are part and parcel of constructing descriptive and 
explanatory models of hazards and disasters.  

 

Natural disasters are often misunderstood as natural 
phenomena, when in reality they represent an 
interaction between the natural world and socio-
cultural systems, they become disasters when 
they impact communities and regions that are 
vulnerable to their effects . 

  

They  can be the result of decisions, often seemingly 
disconnected to their ultimate consequences, of 
collectivities of people, and are caused by their 
inability or unwillingness to adopt sustainable 
patterns of living.  
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Cities, hazards and “natural” disasters 

Cities can be at risk from a seismic source, 

a catastrophic volcanic eruption, or a set 

of powerful earthquake waves which can 

set up a disaster, or even a catastrophe. 

 

Vulnerability, in turn, may be defined by the 

degree to which a system, subsystem, or 

system component experiment harm, 

due to hazard exposure, either a 

perturbation or stress/stressor. 
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VULNERABILITY, RISK INDEX 
  

Studies have investigated methods to develop vulnerability 
assessment: 

 

These include the Earthquake Disaster Risk Index (EDRI) developed 
and applied to several cities (Davidson ,1997). In the calculation of 
the EDRI for each city, five main factors — hazard, exposure, 
vulnerability, context, and emergency response and recovery 
planning — are measured and combined .  

 

The Cities Project methodology for assessing relative community 
vulnerability  developed by ( Granger et al. 1999), contribute  to an 
overall “relative risk rank”. The indicators are grouped into five 
categories: setting, society, security, sustenance and shelter. Within 
these five themes, the indicators are a collection of physical, 
structural, economic and lifestyle factors chosen to measure a 
community’s vulnerability, as pointed out by Dwyer et al. (2004). 

  

Nevertheless, socially generated vulnerabilities are largely ignored, 
and are often described solely by individual characteristics (age, 

gender, health, income, type of housing, employment). 
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Community Resilience Baseline 

 Several vulnerability frameworks 
have been developed in 
academic circles to try to 
capture the above complexities 
in cities. Research 
demonstrates that vulnerability 
is evaluated not only by 
exposure to hazards 
(perturbations and stresses) 
alone, but also resides in the 
sensibility and resilience of the 
system experiencing such 
hazards.  

 

Understanding resilience as the 
capacity of socio-ecological 
systems to support 
disturbances and reorganize, 
the relationship between 
resilience and planning is very 
relevant. 
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Source: Susan L. Cutter, Urban Paper for the Urban Coast Institute (s.d.). 
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DROP MODEL – Disaster Resilience of Place 

Cutter et al. (2003), using the model 

of disaster places (DROP model – 

Disaster Resilience of Place), 

suggests that social 

vulnerability  is a multidimensional 

concept that helps to identify those 

characteristics and experiences of 

communities (and individuals) that 

allow them to respond and recover 

from natural disasters, and in this 

sense it is not disconnected from 

the concept of resilience. 

 

21/12/2012 Risks: Vulnerability, Resilience and Adaptation 9 

Source: Susan L. Cutter, Urban Paper for the Urban Coast Institute (s.d.). 

RISKS, HAZARD MODELS 
Various lines of investigation reveal large 

inadequacies of the Research Hazards 
model framework, it those not treat:  

(i) the ways in which the systems in question 
amplify or attenuate the impacts of the 
hazard;  

(ii) the distinctions among exposed 
subsystems and components that lead 
to significant variations in the 
consequences;  

(iii) the role of the political economy 
especially social structures and 
institutions, in shaping differential 
exposure and consequences.  

 

The conditions that make exposure unsafe, 
leading to vulnerability have to be 
clarified.  

 

So, this model seems insufficiently 
comprehensive for the broader 
concerns of sustainability science. 

 

Risk analysis requires a multidisciplinary 
evaluation that takes into account not only 
the expected physical damage, the number 
and type of casualties or economic losses 
(direct impact), but also the conditions 
related to social fragility and to the lack of 
resilience, which enable second order 
effects (indirect impact) when a hazardous 
event strikes, for example, a urban center, 
as pointed out by Carreño et al. (2005).  
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Bohle’s conceptual framework for vulnerability analysis. Bohle (2001) 
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DISASTERS MODELS AND RESILIENCE 

Comprehensive vulnerability analysis ideally considers the 
totality of the system.  

 

This ideal, however, is unrealistic.  

 

Real-world data and other constraints invariably 
necessitate a “reduced” vulnerability assessment.  

 

Nevertheless, analysts must be aware that 
vulnerability rests in a multifaceted coupled 
system, with connections operating at different 
spatiotemporal scales and commonly involving 
stochastic and nonlinear processes.  

 

The basic architecture consists of:  

 

(i) linkages to the broader human - environmental 
conditions and processes operating on the 
coupled system in question;  

 

(ii) (ii) perturbations and stressors/stress that 
emerge from these conditions and processes;  

 

(iii) (iii) the coupled human-environment system of 
concern in which vulnerability resides, including 
exposure and responses (i.e., coping, impacts, 
adjustments, and adaptations). 

  

 

Those elements are interactive and scale dependent; that 
analysis is affected by the way the coupled system 
is conceptualized and bounded for study. 
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Scales operative system. Bogardi and Birkmann (2004) 

DISASTERS MODELS AND RESILIENCE 

The coupled human-environment system, 

whatever its spatial dimensions, 

constitutes the key of analysis.  

 

The hazards acting on the system arise from influences 

outside and inside the system and place, but given their 

complexity and nonlinearity, their precise character is 

commonly specific to the place-based system (see 

DROP MODEL, referred above). 

 

Building adaptive capacity is a prerequisite for sustainability in 

a world of rapid transformations, as referred by 

Gunderson & Holling (2002).  

 

And resilience can be seen as an issue of environmental, 

social and economic security, as pointed out by German 

Advisory Council on Global Change (2000). 

  

Social capital is another emerging concept as a key dimension 
on disaster preparedness and mitigation. Within the 

scope of disaster models, social capital refers to social 

networks, the reciprocities that arise from them, and their 

value in achieving mutually beneficial goals.  

Social capital is about trust, associations, and norms of 

reciprocity among groups and individuals, including 

beliefs and customs.  

 

And it can act in reducing social vulnerabilities and increasing 

resilience, namely in aging, frail and physically limited 

individuals, Tierney et al. (2001), Putnam (2000), Blaikie 

et al. (1994). 
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Coupled human-environment system Bogardi/Birkmann (2004) and  Cardona (1999/2001) 
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SYSTEMIC ADAPTATION 
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In order to characterize the Societal Impact, some actions and oriented 
recommendations from the geo-scientific community can be used to evaluate, 
formulate and create a plan of both national and international policies for 
sustainable development of our society:  

 

(a) (a) Geophysical Risks: Prevention of Natural Hazards (Interactions Between 
Community and Geo-science; Efficient Use of Hazard Maps; Employing 
Early Warning System);  

 

(b) (b) Effective Use Of Technology And Scientific Results (Comprehensive 
Observation for Hazard Mitigation, Information Technology; Improve 
Predictability; Simulation Geo-hazards);  

 

(c) (c) Some Counter-Measures Against Gigantic Natural Hazards (Extreme 
Weather Events; Volcanic Activity; Earthquakes;  Tsunami;  

 

(d) (d) Human Life and Environment (Global Change and Human Activity; 
Anthropogenic Effects;  Observation System;  Modeling Climate; Role of 
Geosciences in Environmental Issues; Increased Public Awareness of 
Issues Affecting Our Climate; Political Aspects);  

 

(e) (e) Geo-science Education And Out-Reach (Efficient Use of Modern 
Technology for Scientific Education; Promoting Training International 
Schools; Communication with Society). 

 

 

Final Remarks 

  

  
 The human-environment conditions of the system determine 

 its sensitivity to any set of exposures 
 

The incorporation of differential resilience has become a critical 

element of analysis in human-environmental systems Its systemic 

qualities are open to hazards-consequences  or consequences-

hazards applications, depending on the interest and aims of the 

user 
 

Progress towards sustainable development is more demanding in 

times of turbulence, crisis and uncertainty In general, sustainable 

development became more an adjectival principle than a 

structural concept  
 

In order to promote sustainability of human society depending 

strongly on the environment, the development of geosciences and 

its interdisciplinary is very important to assure a better 

understanding of our living environment 
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Thank you 
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