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ABSTRACT 
 

Seismic risk has been the focus of a number of European projects in recent years, but there has never been a 

concerted effort amongst the research community to produce a uniform European risk model. The H2020 SERA 

project has a work package that is dedicated to that objective, with the aim being to produce an exposure model, 

a set of fragility/vulnerability functions, and socio-economic indicators in order to calculate probabilistic seismic 

risk at a European scale. The partners of the project are working together with the wider seismic risk community 

through web tools, questionnaires, workshops, and meetings. All of the products of the project will be openly 

shared with the community on both the OpenQuake platform of the Global Earthquake Model (GEM) and the 

platform of the European Facility for Earthquake Hazard and Risk. 
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1. INTRODUCTION  

 

The recognition of the significant seismic risk in Southern Europe has propelled several large-scale 

European projects over recent years, which have covered seismic hazard (SHARE - www.share-

eu.org), structural fragility/vulnerability (Syner-G - www.vce.at/SYNER-G) and building exposure 

(NERA - www.nera-eu.org). However, none of these projects had the goal to generate a uniform 

seismic risk model across the European territory. This paper describes the development of the various 

components of the seismic risk work package (so-called WP26 or JRA4: http://www.sera-

eu.org/en/activities/joint-research/) of the H2020 SERA project (Seismology and Earthquake 

Engineering Research Infrastructure Alliance for Europe), which will generate a number of risk 

metrics (average annualised losses, probable maximum losses, risk maps), critical for the development 

of seismic risk reduction strategies. Amongst the many outcomes of the SERA project, this paper 
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presents the activities towards the development of an exposure model, a set of fragility/vulnerability 

functions, socio-economic indicators and the calculation of probabilistic seismic risk.  

 

The probabilistic risk will be calculated by combining the exposure and vulnerability models with a 

new probabilistic seismic hazard analysis (PSHA) model for Europe, within the OpenQuake-engine, 

the open-source software for seismic hazard and risk analysis (Silva et al. 2014; Pagani et al. 2014) 

supported by the Global Earthquake Model (GEM). In this process, both classical PSHA-based and 

event-based approaches will be employed to simulate thousands of years of seismicity and associated 

ground motion across the European territory. Then, each simulated event/ground-motion will be used 

to calculate economic and human losses. This set of losses will be used to calculate the average 

annualised loss per country, probable maximum losses and, for the first time, a uniform European risk 

map that will be released in 2020. The main outcome of this work package will be an open and 

dynamic risk model, which is expected to be collaboratively updated and improved throughout the 

years. 

 

 

2. COMPONENTS OF THE EUROPEAN RISK MODEL 

 

A probabilistic seismic risk assessment (PSRA) involves the estimation of the probability of damage 

and losses resulting from potential future earthquakes. This damage and loss might occur to buildings, 

infrastructure, people or even the environment. Within the European risk framework that is being 

developed within SERA, the focus is being placed on estimating damage and loss for residential, 

commercial and industrial buildings (and their occupants) and the main components of critical 

infrastructure (primarily pipelines and storage tanks in industrial plants).  

 

In simple terms, a PSRA involves the calculation and convolution of seismic hazards (which might be 

strong ground shaking, or ground failure due to liquefaction and landslides), fragility/vulnerability 

functions for each element at risk, and exposure models, describing primarily the location, building 

classes and value of all elements at risk (Equation 1).  

 

 

SEISMIC RISK = SEISMIC HAZARD * VULNERABILITY * EXPOSURE  

 

(1) 

 

2.1 Seismic Hazard Model 

 

The SERA project will also propose, in another work package, an update of the current seismic hazard 

model for Europe (i.e. SHARE), and this will include estimates of surface ground shaking, as required 

for the risk assessment.  

 

One of the first activities of the European seismic risk model development has thus been to ensure that 

the seismic hazard data necessary to calculate seismic risk will be produced in this update to the 

SHARE seismic hazard model (Crowley et al. 2017a). Although the SHARE model is often viewed as 

a PGA map (Figure 1), spectral ordinates at a wide range of periods were also produced, and these are 

typically sufficient for state-of-the-art risk assessment. However, there is a new intensity measure that 

is being increasingly used in risk assessments and which will thus be included in the update to the 

SHARE model. This measure is the average spectral acceleration, AvgSa, defined as the mean of the 

log spectral accelerations at a set of periods of interest (Kohranghi et al. 2017). Other intensity 

measures that will be considered include PGV, Arias Intensity, and duration of strong ground shaking.   

 

2.2 Site Amplification 

 

For the purposes of a Europe-wide risk assessment it is necessary to obtain seismic hazard inputs that 

are representative of the ground motions at the ground surface, and appropriate methods for 

amplifying the hazard obtained for the reference rock for this purpose should be considered. An 
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approach for application on a regional scale is the adoption of topographically derived estimates of 

VS,30 to account for variation in site condition (Wald and Allen, 2007). While the approach has 

received criticism in the past (e.g. Lemonie et al. 2012), opportunities to improve upon this approach 

in a manner that can better represent the spatial variation in site amplification across Europe, and its 

corresponding uncertainty, will be explored within SERA. For example, the use of additional proxy 

parameters, such as surface lithology from OneGeologyEurope (Figure 2), will be investigated. 

 

 
Figure 1. European seismic hazard model (SHARE) results of peak ground acceleration (PGA) for a 475 year 

return period 

 

 
Figure 2. Surface lithology from OneGeologyEurope (http://www.europe-geology.eu/onshore-

geology/geological-map/onegeologyeurope/) 

http://www.europe-geology.eu/onshore-geology/geological-map/onegeologyeurope/
http://www.europe-geology.eu/onshore-geology/geological-map/onegeologyeurope/
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2.3 Exposure Data and Model 

 

A common classification scheme (i.e. taxonomy) will be used for buildings and other elements at risk 

within the European risk framework (Crowley et al. 2017b). By using a single classification scheme, it 

is possible to ensure that fragility/vulnerability models for specific elements at risk are compatible 

with the exposure models (that provide the location and value of those elements at risk) that may be 

developed by different parts of the engineering community. The building taxonomy is based on an 

international standard (the GEM Building Taxonomy: Brzev et al. 2013) and will allow buildings to be 

classified according to a number of structural attributes (e.g. main construction material, lateral load 

resisting system, number of storeys, age of construction, seismic design level). A new taxonomy for 

pipelines and storage tanks has also been developed within the SERA project, based on the experience 

gained in the European projects SYNER-G, STREST and INDUSE-2-SAFETY.  

 

The European residential building exposure model will build upon previous efforts in the European 

projects NERIES and NERA (e.g. Figure 3). Further efforts to update underlying national housing 

census data in each country in Europe is undergoing (Figure 4), and inference rules (that map the 

available data on the buildings - such as function, age, height and outer façade material - to structural 

systems for which fragility and vulnerability models are available) are being updated with the input of 

structural engineers across Europe (see Section 3.1). The SERA project will also develop exposure 

models for residential and commercial buildings, making use of socio-economic indicators (e.g. labour 

force, population per economic sector) available in national census data, together with European land 

cover datasets such as the CORINE Land Cover project (CORINE 2006), which allows industrial and 

commercial areas to be identified (see Figure 5). The final exposure model will estimate, at a given 

administrative level, the number of buildings, built-up area, replacement cost and occupants at 

different times of the day.  

 

 

 
 

Figure 3. Number of residential buildings on a 30 arc second grid across Europe, developed within the NERA 

project (Ozcebe et al. 2014) 

NERA | D7.5 v1.0 
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Figure 5: Layer of building counts on 30 arc second grid for Europe 

 

All of the data described herein is available as electronic supplements, and thus users 

are not constrained to use the building count/area algorithms given in D7.4, or the 

GRUMP population data layer and urban/rural layer that has been used in the Global 

Exposure Database. They can instead use higher resolution population datasets for 

Europe, such as Gallego (2010), the CORINE European land cover layer (for example) for 

urban/rural distinction [3], and their own algorithms to transform the data presented 

herein and in the electronic supplements (i.e. building counts, dwelling counts, average 

number of dwellings per building, average number of persons per building, average 

number of persons per dwelling, average floor space per dwelling, average floor space 

per capita,  dwelling fractions, building fractions, replacement cost rates) to produce a 

custom building inventory database for Europe.  

  

 

 

Number of building counts per 30 arc second grid 
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Figure 4. Number of residential buildings obtained from processing of the latest national census data for Eastern 

Europe 

 

 
Figure 5. Georeferenced database of non-residential areas (black) provided by the CORINE Land Cover project 

(CORINE 2006) for 36 European countries (Sousa et al. 2017) 
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2.4 Structural Fragility/Vulnerability Data and Model 

 

A number of past European projects have developed and/or identified appropriate fragility and 

vulnerability functions for European buildings and components of critical infrastructure (e.g. RISK-

UE, LESSLOSS, SYNER-G, STREST). As part of the SERA project, these functions are being 

collected and stored within GEM’s Global Vulnerability Database 

(https://platform.openquake.org/vulnerability/list. Following this activity, a workshop to review these 

models will be undertaken (see Section 3.1), to allow the community to collectively select and 

evaluate appropriate models for the European risk model and to understand where gaps exist. It should 

be noted that most of the existing functions have not been employed in probabilistic seismic risk 

analysis, and thus never verified in a practical use case. 

 

Where fragility models are lacking or the reliability/accuracy of existing ones are not sufficient, new 

models will be derived based on an analytical methodology that is available within GEM’s Risk 

Modellers’ Toolkit (Silva et al. 2015). This process to generate new fragility functions will involve the 

development of a set of representative single-degree-of-freedom (SDOF) oscillators - that are 

representative of MDOF buildings - for which nonlinear dynamic analyses will be run using a large 

number of ground motion records from the European Strong Motion Database. These records are also 

being used in other working packages of SERA, which will ensure a certain level of consistency The 

response of the SDOF oscillators will be compared with a damage criterion to allocate each model in a 

damage state per ground motion record. The damage distribution per intensity measure level will be 

used to fit a cumulative lognormal function using the maximum likelihood method. These fragility 

models are then converted to vulnerability models through the means of damage-to-loss models, which 

establish the relation between loss ratio (either economic loss due to repair costs or loss of life) and a 

set of damage states. A similar methodology is currently being following for the creation of a global 

vulnerability database for 200 building classes (Martins et al. 2017), and was recently employed in the 

development of a regional vulnerability model for South America (Villar et al. 2016).  

 

2.5 Socio-economic Vulnerability Data and Model 

 

The effects of a damaging earthquake could have a long-lasting impact on people’s lives and 

unfortunately, recent disasters have demonstrated that vulnerable communities (poor, children, elderly, 

minorities, etc.) suffer the largest burden. For example, poorer or disabled residents of earthquake-

stricken areas may not have the resources or the capability to promptly evacuate following a damaging 

event. The pace of response and recovery depends not only on the extent of the physical damage, but 

also on the socio-economic conditions of the community (Burton 2015; Despotaki et al. 2017). 

Therefore, it is equally important, similar to the procedure of assessing the physical risk, to further 

measure the social exposure and vulnerability and finally evaluate the earthquake risk from a holistic 

point of view. 

 

Social scientists have well documented and identified variables that can be used to represent the level 

of social vulnerability or resilience of a community (e.g., Cutter et al. 2010). Commonly, these 

variables are mathematically combined to create indices that describe the level of vulnerability of 

particular sectors, such as the economic sector of a region. In the European risk model, specific sets of 

variables will be combined to create indices (fatalities index, livelihood index and recovery index) that 

reflect social dimensions, and at the same time can be directly compared with the most commonly 

used estimates of a physical risk assessment using the OpenQuake-engine (i.e., night time casualties, 

average annual economic losses and average annual number of collapses) The variables that are used 

to populate each index (fatalities, livelihood and recovery) have been selected based on an extensive 

literature review and previous experience on social vulnerability, resilience and recovery (e.g. Power 

et al. 2015). The national population statistics of each country of interest constitute the primary source 

of information. Then, maps can be created in order to illustrate the spatial distribution of the above 

indices. These indices can then be combined with the aforementioned risk estimates (as depicted in the 

flowchart in Figure 6) and “Impact maps” are generated, namely: Human Impact, Economic Impact 

and Recovery. The combination of the variables to generate the indices and the integration with the 

https://platform.openquake.org/vulnerability/list
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risk estimates will be performed using GEM’s OpenQuake Integrated Risk Modelling Toolkit (IRMT) 

plugin available in QGIS, following the procedure described in https://docs.openquake.org/oq-irmt-

qgis/v2.8.1/.  

 

 
Figure 6. Flowchart of the methodology for integrated risk assessment, and the generation of impact maps 

 

 

3. INVOLVEMENT OF THE WIDER EUROPEAN RISK COMMUNITY  

 

The SERA European risk framework work package includes researchers from a number of European 

research institutions and universities in Italy, France, Portugal, Turkey, Greece and Switzerland. 

However, it is clear that there is a larger community of researchers working on seismic risk in Europe 

and so various mechanisms have been identified in order to include their contributions in the European 

risk model.  

 

3.1 Workshops 

 

Three workshops will be organized during the project, with the first taking place in Pavia (Italy) in 

March 2018 and focusing on European building exposure data. A website has been set up for this 

workshop so that all of the contributions of the participants and the outcomes of the workshop can be 

shared with the community: https://sites.google.com/eucentre.it/sera-exposure-workshop. The second 

workshop will focus on fragility/vulnerability modelling and will take place in Porto (Portugal) in 

September 2018. A third workshop will take place in Istanbul, Turkey towards the end of the project 

and will be an occasion for the community to review the process towards the development of a 

European risk model, and the preliminary results. A meeting with key members of the European risk 

community will also be taking place during the 16th European Conference in Earthquake Engineering, 

in Thessaloniki, Greece.   

 

3.2 Webtools and Questionnaires 

 

The website that has been developed for the European building exposure workshop (see Section 3.1) 

includes two web tools that have been set up to collect information from the participants and other 
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Figure 1. Structure of the social vulnerability and resilience (SV) theme-indices and impact maps. 

 

Methodology 

 

Specific variables of social vulnerability and resilience will be used to form the SV impact indices 

i.e. impact in human lives index, economic resilience index, and recovery index. Each one of 

these indices will be paired with components of physical risk to produce three impact maps: (i) 

Human lives impact, (ii) Economic resilience impact and (iii) Recovery impact. The impact maps 

will give more detail on the socio-economic roles of countries in risk reduction, and it will allow 

the end user to understand the socio-economic challenges associated with earthquake risk. 

Furthermore, because they are characterised according to physical risk components, the impact 

maps will show the aggravated impact of combined earthquake risk and existing socio-

economic conditions. The selection of these variables is based on previous research on social 

vulnerability (Power, Daniell et al. 2013, Power, Daniel et al. 2015), and the expertise obtained 

from building the SV indices for South America and Subsaharan Africa under the framework of 

the SARA and SSAHARA projects. Figures 2 and 3 shows the specific variables that will 

compose SV impact index for Africa and Central America, respectively.  

 

https://docs.openquake.org/oq-irmt-qgis/v2.8.1/
https://docs.openquake.org/oq-irmt-qgis/v2.8.1/
https://sites.google.com/eucentre.it/sera-exposure-workshop
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experts in the field of exposure modelling. The first is the Building Classification Tool 

(https://platform.openquake.org/building-class/) through which a detailed inventory of the most 

frequent structural systems (classified using the GEM Building Taxonomy) used for residential, 

commercial and industrial construction in different countries in Europe. The second is a questionnaire 

that focuses on secondary information related to buildings, such as the average areas, replacement 

costs and status of adherence to design codes (https://sites.google.com/eucentre.it/sera-exposure-

workshop/questionnaire).  

 

 

4. SHARING OF DATA AND MODELS   

 

All of the data, models and results developed during the project will be assigned a Creative Commons 

open data license (https://creativecommons.org/licenses/) and will be shared with the community 

through two different platforms: GEM’s OpenQuake platform (Figure 7) and EPOS’s European 

Facility for Earthquake Hazard and Risk platform (Figure 8). One of main objectives of sharing the 

data and models is to allow others to test the models, identify gaps in the data, and improve them for 

future seismic risk models.   

 

 
Figure 7. GEM’s OpenQuake platform (https://platform.openquake.org/) 

 

https://platform.openquake.org/building-class/
https://sites.google.com/eucentre.it/sera-exposure-workshop/questionnaire
https://sites.google.com/eucentre.it/sera-exposure-workshop/questionnaire
https://creativecommons.org/licenses/
https://platform.openquake.org/
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Figure 8. EPOS’s European Facility for Earthquake Hazard and Risk (http://www.efehr.org/en/home/) 

 

5. CONCLUDING REMARKS  

 

The H2020 SERA project began in 2017, and WP 26 of this project will develop a seismic risk model 

for Europe by 2020. This paper has described the main activities in hazard, exposure, and 

structural/socio-economic vulnerability that will be undertaken over the coming years to develop this 

model. The key objective will be to involve the European seismic risk community in producing an 

open and dynamic risk model.  
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