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Abstract 

Exposure data for buildings have been collected from different sources and for various 

uses. The databanks created for seismic risk assessment comply with the desired taxonomy 

of exposed buildings for vulnerability studies, but are often developed for specific urban 

areas. National censuses take place at regular time intervals and collect exhaustive 

information on a country’s housing stock. However, housing censuses are not completely 

harmonised across European countries and significant efforts are required to collect and 

process census data for further use in seismic risk studies. 

The study of this report aims at inventorying the housing stock in European countries and 

classifying its seismic vulnerability at a regional level. The first step was the collection of 

georeferenced data from the 2011 Population and Housing censuses through Eurostat, 

specifically, the number of dwellings by period of construction at a regional level. 

Subsequently, the ratio of dwellings to buildings was calculated, considering the degree of 

urbanisation. Finally, the dwellings were arranged in different classes of vulnerability, 

based on the seismic design code in force in the country in the year the dwelling was 

constructed. The analysis of the inventory shows that the majority of existing buildings in 

Europe are highly vulnerable to earthquakes. 

Previous case studies have shown that Eurostat data can be used to assess, with acceptable 

accuracy, the seismic risk at a regional level. Therefore, the inventory is suitable to be 

used in further studies for estimating seismic losses across Europe and for prioritising 

retrofitting strategies for the European building stock. 
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1 Introduction 

An inventory of exposed assets is a key component of seismic risk assessment studies, 

together with hazard characterisation and vulnerability assessment. Recent research has 

brought significant advances on hazard analysis, e.g. Woessner et al. (2015), and fragility 

curves, e.g. Rossetto et al. (2014). However, detailed and reliable information on exposed 

structures to be used for large-scale seismic risk assessment is still not widely available. 

The collection of harmonised data at large scale, such as the European one, represents one 

of the major challenges in seismic risk assessment studies. For instance, data regarding 

national housing censuses in Europe are not completely harmonised across countries and 

significant efforts are required to collect and process census data to be further used in 

seismic risk studies. 

Buildings exposure data for seismic risk assessment have been collected at different spatial 

disaggregation levels, ranging from fine spatial scale surveys, focusing for instance on 

specific cities around Europe, e.g. Vicente et al. (2011), or on industrial infrastructures 

(Sousa et al. 2017b), to coarser spatial scale inventories, as in research projects like PAGER 

– Prompt Assessment of Global Earthquakes for Response system (Jaiswal et al. 2010) – 

or NERA – Network of European Research Infrastructures for Earthquake Risk Assessment 

and Mitigation (Crowley et al. 2012). Information on the building stock has been also 

collected within the framework of projects aiming at assessing the energy performance of 

buildings, in such cases, aggregated at much larger areas with similar climatic conditions. 

Another source of detailed information on the building stock, albeit not fully harmonised 

across countries, are the national housing censuses. A review of several data sources 

revealed divergences and incompatibilities among them (Tsionis 2015), which raise 

questions on their aptness for use in the seismic loss estimation at large regions. 

Frequently the inventories compiled within research projects contain data aggregated at 

the level of countries, which is not sufficient for seismic risk assessment. Moreover, they 

are inferred from a variety of sources and they do not account for the distribution of 

buildings in small geographical units, which is proven to influence the loss estimates. 

A case study was performed to examine the influence of the level of detail of the datasets 

of the building stock on the results of large-scale risk assessment studies in 

earthquake-prone regions of Europe (Sousa et al 2017a). It consisted in a quantitative risk 

analysis using a dataset of exposed residential buildings with a high level of geographic 

detail, originating from the 2011 national census, and the more generic one that is available 

at the Eurostat Census Hub (ec.europa.eu/CensusHub2). Losses were computed for the 

scenario corresponding to the national seismic zoning map. The case study showed that 

loss assessment based on generic data, available at the Eurostat Census Hub 

(https://ec.europa.eu/CensusHub2), captures the order of magnitude of the losses 

estimated on the basis of more detailed data. Considering the low level of observed 

variability of losses (8%) obtained with both datasets, it was concluded that readily 

available data extracted from the Eurostat Census Hub, combined with expert opinion, can 

be used to assess, with acceptable accuracy, the seismic risk for all European countries. 

The work presented in this report was carried out in the framework of the JRC institutional 

work that deals with the resilience of the buildings in urban areas across the European 

Union and aims to provide scientific support for decision-making as regards the seismic 

retrofit of existing buildings. Increased resilience is an objective of the European strategy 

for disaster management, which calls for a qualitative shift from reacting to emergencies 

to a more proactive role of prevention and preparedness. In the global context, the Sendai 

Framework (UNISDR 2015) aims to prevent new and substantially reduce existing disaster 

risk and losses through, among other measures, the reduction of exposure and 

vulnerability. 

The aim of this report is to inventory the housing stock in the European Union (EU) and 

European Free Trade Association (EFTA) Member States, using georeferenced data, 

harmonised in terms of both procedures and variables collected. The harmonised database 
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created in this study provides an overview of the vulnerability of the housing stock across 

Europe. 
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2 Assessment of seismic vulnerability across Europe 

2.1 General aspects 

As reported in the previous section, reliable inventories of the building stock represent an 

important tool to provide scientific support for decision-making with regard to seismic risk 

assessment, also in terms of expected impact on people and structures (Zuccaro et al. 

2012, Tsionis 2015). Recent years have seen a considerable growth in the number of 

earthquake loss models for several geographic levels. The loss models are of interest for 

predicting the economic impact of future earthquakes and for risk mitigation (Calvi et al. 

2006). Constructing an earthquake loss model for a city, region or country involves 

compiling databases of, among others, building stock and infrastructure exposure and 

vulnerability characteristics of the exposed inventory. However, while this activity can be 

pursued straightforwardly for either limited number of regions with common characteristics 

or narrow areas, it becomes challenging when developing a building inventory for all 

European countries at a detailed geographical level. In this context, one of the major 

drawbacks is giving a harmonized interpretation of data, which are frequently non-

homogeneous. As a consequence, three main goals were established in the development 

of the inventory of this study. As a first step, data from Eurostat Census Hub has been 

used in order to overcome the inhomogeneity of data collected, both in methodology and 

topics. Subsequently, an indicator to assess the number of buildings given the number of 

dwellings was developed to face the significant divergences in the building stock between 

urban and rural areas and between towns in the same country. Moreover, the knowledge 

of the number of buildings is useful to make comparisons with different sources of data. 

Finally, with the aim of providing a consistent but simplified characterisation of the 

vulnerability of buildings across Europe, with high level of geographic detail, the evolution 

of seismic design code provisions in each country was examined. 

2.2 Data from Eurostat Census Hub 

As shown in the previous section, the activity of collecting data is performed by a multitude 

of organisations with several methodologies and geographic resolution, which vary 

according to the specific goals. Housing census may be regarded as a comprehensive 

source of data for the development of building inventories at different geographical levels. 

However, national housing censuses are not completely harmonised across countries and 

collecting data is often difficult and time consuming. On the other hand, Eurostat, i.e. the 

statistical office of the European Union, provides online high-quality statistics for Europe 

on several topics, characterised by homogeneity in terms of data collection procedures and 

outputs. The whole range of harmonised data offered by Eurostat is widely used by 

institutions and by the general public and allow reliable comparisons of statistics between 

countries and regions. As a consequence, this study uses Eurostat data, in order to 

overcome the major disadvantages associated with non-homogeneity of data across 

countries. 

The online tool Census Hub, which provides data regarding the 2011 Census for the whole 

Europe, has been used. The Census Hub has been constructed with the aim of improving 

dissemination and accessibility of data. It is an IT structure that allows users to quickly 

and flexibly specify, compile and extract data stored in the different national census 

databases. National Statistical Institutes provide access to their data according to standard 

processes, formats and technologies. 

Within the framework of this study, the data collected from the Census Hub were the 

number of “dwellings” by the topic “Period of construction”, for the geographical level 

NUTS3 that corresponds to regions such as provinces and that were the smallest regions 

available in the surveyed situation. According to Eurostat, a dwelling is defined as “a room 

or suite of rooms – including its accessories, lobbies and corridors – in a permanent building 

or a structurally separated part of a building which, by the way it has been built, rebuilt or 

converted, is designed for habitation by one private household all year round” 



4 

 

(http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Dwelling). The 

“Period of construction” of the dwellings is defined according to the year in which the 

building was completed (https://ec.europa.eu/CensusHub2). 

The concept of NUTS – Nomenclature of Territorial Units for Statistics – was formulated by 

Eurostat to divide up the economic territory of the European Union into uniform territorial 

units to be used for statistical questions (Eurostat 2015). As shown in Figure 1, the 

territory is classified in three hierarchical levels: NUTS1 that groups a set of regions (e.g. 

Wales or Scotland are classified as NUTS1 in UK), which in turn are subdivided into NUTS2, 

comprising groups of districts and then are further divided into NUTS3 regions, 

corresponding to a district level. A specific code and name is allocated to each of these 

regions. The NUTS are complemented at the lower level by Local Administrative Units 

(LAU). 

Figure 1. The NUTS (Nomenclature of Territorial Units for Statistics) classification 

 

Source: Eurostat, 2015. 

The data were collected and organised in a database for the 28 EU countries plus Norway 

and Switzerland. The database consists of several fields like the code and name of NUTS3 

per country, the total number of dwellings, the number of dwellings per period of 

construction and per type of building, and the population. In total, 1 395 NUTS3 regions 

across Europe are included in the database. Moreover, the inventory was georeferenced 

and integrated into a Geographic Information System, that facilitates mapping and analysis 

of data to support informed decision processes at several scales (Fichera et al. 2016, 

Palermo and Pappalardo 2016). 

2.3 Degree of urbanisation 

According to Dijkstra and Poelman (2014), the Degree of Urbanisation (DEGURBA) is an 

indicator based on the number of people living in a certain area and may be defined as “a 

classification that indicates the character of an area” 

(http://ec.europa.eu/eurostat/web/degree-of-urbanisation). For its assessment, a new 

methodology was released in 2014 by the Directorate-General for Regional and Urban 

http://ec.europa.eu/eurostat/web/degree-of-urbanisation
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Policy of European Commission with the aim of providing a harmonized definition of cities 

and rural areas. The original degree of urbanisation was introduced in 1991 to indicate the 

character of the area. It distinguished three types of areas: densely populated, 

intermediate and thinly populated areas. This definition was based on the population size, 

density and contiguity of local administrative units level 2 (LAU2). Since LAU2s vary 

considerably in area size, the results of the methodology were distorted and with low level 

of comparability among countries with different LAU2s extensions. To overcome this 

distortion, the new degree of urbanisation adopts a defined territorial basis made of smaller 

units with the same size: the population grid with a resolution of 1 km2. The new DEGURBA 

is developed at LAU2 level and LAU2 areas are classified into three types: densely 

populated areas (cities) where at least 50 % of the population lives in high-density clusters 

(DEGURBA = 1), intermediate density areas (towns and suburbs) where less than 50 % of 

the population lives in rural grid cells and less than 50% of the population lives in high-

density clusters (DEGURBA = 2), and thinly populated areas (rural areas) where more than 

50 % of the population lives in rural grid cells (DEGURBA = 3) (Dijkstra and Poelman 

2014). High-density clusters represent contiguous grid cells of 1 km2 with a density of at 

least 1 500 inhabitants per km2 and a minimum population of 50 000. 

This classification has been based on population data for 2006 and the LAU2 boundaries of 

2011. The new DEGURBA classification provides less distorted and more comparable results 

than the 1991 version, by taking advantage of the population grid. This allows creating a 

more accurate classification and a further harmonisation of spatial concepts. 

The DEGURBA concept and data have been used in this study to investigate the distribution 

of population and buildings in urban and rural areas as reported in the following sections. 

2.4 Ratio of dwellings to buildings 

Generally, the databanks previously created for local seismic risk assessment studies 

accurately represent the building stock in the area of interest and comply with both the 

required taxonomy of exposed buildings and the spatial variability of the seismic hazard. 

However, they refer to rather small geographic areas and are not representative of other 

similar areas. A number of case studies highlight the significant divergences in the building 

stock between urban and rural areas, between towns in the same country and between 

districts of the same town. It is demonstrated that these differences affect the losses 

estimated in risk studies (Spence et al. 2012). As a consequence, specificities are 

frequently flattened when investigations at regional and national scale are approached and 

the interpretation of the spatial distribution of buildings within the geographical region and 

the relation between dwellings in the buildings are not assessed. As a consequence, 

although the NUTS 3 geographical level used for the development of the database, as 

referred in the previous section, is appropriate for the goal of this study of inventorying 

the housing stock in Europe, the need to handle the divergences in the distribution of 

dwellings among areas with different Degrees of Urbanisation has arisen. A dwelling, by its 

definition, may be considered a habitation. This implies that any kind of information on the 

structure in which the dwellings are located is not provided, as the Census Hub does not 

allow correlating dwellings to buildings. Therefore, to better investigate the conditions of 

the building stock, the concept of density of built-up areas has been included in the study. 

It may also enable to overcome a single building approach, which may not be suitable for 

the regional scale (NUTS3 level) chosen for the inventory. In this framework, density is a 

measure of the human presence in a territory. Considering the density of built-up areas 

allows to investigate the distribution of people and, subsequently, of buildings in an area 

and to capture the peculiarities of the built environment among different cities and areas 

across Europe. In particular, to take into account the different levels of urbanisation of 

regions in Europe, the indicator Degree of Urbanisation (DEGURBA) (Dijkstra and Poelman 

2014) has been used to develop a procedure that enables to yield the indicator “number 

of buildings”. This indicator, that relates the number of dwellings to the number of 

buildings, has been designed in order to provide a more comprehensive representation of 

the building stock in Europe and to allow comparisons with other studies and data. The 
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procedure has been applied at a NUTS3 level with the elaboration and aggregation of data 

developed also at a LAU2 level with the methodology described below. 

As a first step, a new database at a finer geographical level was developed. Data regarding 

“the number of persons with usual residence” were collected for all the countries from the 

Census Hub at a LAU2 level, which corresponds to municipalities or equivalent units, 

together with the Degree of Urbanisation (DEGURBA). In this study, the DEGURBA indicator 

has been integrated in the procedure to supply data on the spatial distribution of 

inhabitants and, hence, applied to evaluate the peculiarities of European regions with 

regard to the distribution of buildings within countries. Data for population and DEGURBA 

classification were integrated to provide a new georeferenced dataset for each country at 

the LAU2 geographical level which contains the following information: the degree of 

urbanisation, the population, the area, both name and code of LAU2 and the NUTS3 to 

which the LAU2 belongs to. This implied a database containing more than 100 000 records. 

The second step of the procedure consisted in the collection of data regarding the number 

of buildings at a NUTS3 level. Such data collected from the 2011 national census are 

available at the websites of the National Statistical Institutes of six out of the 30 countries 

considered, namely Austria, Belgium, Germany, Greece, Italy and Portugal. 

In the third step, a mathematical procedure was applied to the data regarding the 

aforementioned six countries in order to yield an average ratio of dwellings per building, 

Ndwg/Nbld, to be subsequently extended to the other countries. Since the number of 

dwellings, Ndwg, is well related to population, the number of dwellings at a LAU2 unit was 

calculated by distributing the dwellings of a NUTS3 area to the corresponding LAU2 areas 

proportionally to the population living in that area. As a consequence, the number of 

dwellings was integrated in the database containing information at a LAU2 level. In 

particular, the municipalities were characterised and organised according to the three 

classes of LAU characterised by a value of Degree of Urbanisation (1 or 2 or 3). This step 

allowed to infer the number of dwellings at the LAU2 level, in addition to the NUTS3 level. 

Then, data regarding the number of dwellings and population at a LAU2 level were 

aggregated (by summing them up) according to NUTS3 per each DEGURBA type, thereby 

summing also the areas of each LAU2 belonging to the same NUTS3 and sharing the same 

value of DEGURBA. In the next step, the number of buildings was computed per each of 

the three classes of Degree of Urbanisation by distributing the total number of buildings, 

collected from the census data, in proportion to the area of the territories of LAU2. 

However, despite the outlined methodology has provided an overview of the number of 

buildings per each DEGURBA category at a NUTS3 level, the comparison between the 

results of this procedure and information from censuses showed significant differences. As 

a consequence, two further steps were performed. For the rural areas (DEGURBA = 3) the 

number of dwellings per building, Ndwg/Nbld, was assumed equal to 1.0, as expressed in 

Equation 1. 

Ndwg3 = Nbld3                     (1) 

Finally, the remaining dwellings were redistributed to the other classes of DEGURBA 

proportionally to the surface area of their territories and to an empirical multiplying factor 

(Equations 2 to 4), calculated through an iterative procedure that allowed to reach a good 

confidence level as reported in Figure 2. 

For Ndwg3,0/Nbld3.0 < 1 

Nbld1 =  [Nbld1,0 + |Nbld3,0 − Ndwg3,0|0.02 
A1

A1+A2
]      (2a) 

Nbld2 =  [Nbld2,0 + |Nbld3,0 − Ndwg3,0| (1 − (0.02 
A1

A1+A2
))]               (2b) 

Nbld3 =  Ndwg3,0          (2c) 

and for Ndwg3,0/Nbld3.0 > 1 
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Nbld1 =  [Nbld1,0 + |Ndwg3,0− Nbld3,0|0.02 
A1

A1+A2
]      (3a) 

Nbld2 =  [Nbld2,0 + |Ndwg3,0 − Nbld3,0| (1 − (0.02 
A1

A1+A2
))]              (3b) 

Nbld3 =  Ndwg3,0 − 2Nbld3,0         (3c) 

where 

Ndwg1 =  [Ndwg3 + |Nbld3,0 − Ndwg3,0| (0.02 
A1

A1+A2
)] +  Ndwg1,0      (4a) 

Ndwg2 =   [Ndwg3 + |Nbld3,0 − Ndwg3,0| (1 − (0.02 
A1

A1+A2
))] +  Ndwg2,0              (4b) 

Ndwg3 =  Ndwg3,0          (4c) 

Where: 

Ndwg is the number of dwellings, Nbld is the number of buildings, the subscripts 1, 2 and 

3 refer to the DEGURBA class, the subscript 0 refers to the values of Ndwg and Nbld 

assessed before imposing the condition of Equation (1), A1 is the area of territories 

classified as DEGURBA 1 and A2 is the area of territories classified as DEGURBA 2. 

This procedure was tested for one country (Italy) by comparing the number of buildings, 

for some cities where LAU2 coincides to NUTS3, from the national census (http://dati-

censimentopopolazione.istat.it/Index.aspx) with the value obtained with the procedure 

described above. As shown in Figure 2, a linear correlation with R2 = 0.9 was obtained 

between the number of buildings in the census (x-axis) and estimated data (y-axis), which 

provides a high level of confidence in the procedure. However, Figure 2 also shows great 

variability of the number of buildings in cities within the same country. The number of 

buildings in cities belonging to the category DEGURBA 1varies from less than 10 000 to 

more than 150 000. In Figure 2, the top right point (150 000 buildings) refers to the city 

of Rome, which is peculiar for being an urban region with metropolitan characteristics and 

large population. Therefore, the procedure is able to address both the cases of small and 

thinly-built cities and of metropolitan and densely-built cities. 

Figure 2. Comparison of estimated number of buildings with the Italian census data 

 

In the fourth step, the ratio of dwellings to buildings, Ndwg/Nbld was assessed for each 

DEGURBA class in the six countries, using the previously described procedure. An average 

value for each class was calculated and assigned to the whole country, as reported in Table 

1. The values of Ndwg/Nbld for DEGURBA = 2 are quite similar in all six countries, but 

diverge significantly for DEGURBA = 1, which is justified by the different conditions 

regarding the number of cities in each country (e.g. 6 in Austria and 127 in Germany), and 

the density of built-up areas. However, as shown in the last line of Table 1, the average 
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values of Ndwg/Nbld for all DEGURBA types do not show significant differences in the 

analysed countries (6.4 and 6.6 for DEGURBA 1 and 2.1 and 2.0 for DEGURBA 2). As a 

consequence, the following average values for the indicator in each DEGURBA class were 

adopted for all the 30 countries considered in this study: Ndwg1/Nbld1 = 6.5, Ndwg2/Nbld2 

= 2 and Ndwg3/Nbld1 = 1. Using these values, the number of buildings in each NUTS3 was 

inferred from the number of dwellings for all the countries considered in the inventory. 

Table 1. Average values of the ratio Ndwg/Nbld. 

Country 

Degree of urbanisation, 

DEGURBA 
Country 

Degree of urbanisation, 

DEGURBA 

1 2 3 1 2 3 

Greece 2.6 2.6 1.0 Austria 11.7 2.6 1.0 

Italy 7.1 2.6 1.0 Belgium 4.4 1.0 1.0 

Portugal 9.5 1.2 1.0 Germany 4.0 2.3 1.0 

Average 6.4 2.1 1.0 Average 6.6 2.0 1.0 

2.5 Seismic vulnerability classification across Europe 

In order to perform the vulnerability assessment of the building stock in Europe, dwellings 

were arranged in different classes of vulnerability, based on the seismic design code that 

was in force in each country in the year the building was constructed. Three vulnerability 

classes were adopted, corresponding to buildings designed with no seismic provisions 

(VC1), moderate-level (VC2) and high-level seismic code (VC3). Buildings designed without 

seismic provisions are considered extremely vulnerable and are expected to suffer severe 

damage even for moderate earthquakes. Moderate-level seismic codes contain some 

provisions for earthquake resistance, such as a nominal design base shear calculated as a 

percentage of the total weight of the structure and simple detailing requirements. High-

level seismic codes encompass advanced knowledge in the field, e.g. limit-state design, 

modal response spectrum analysis, detailing and other provisions for energy dissipation 

and ductility, etc. Eurocode 8 (CEN 2004) was introduced in Europe since more than 10 

years and several national codes that entered into force after 1990 were aligned with its 

ENV version. 

While a commonly accepted classification of the seismic codes in all European countries is 

not available, a comprehensive review of all codes (in several languages) and of the 

differences between consecutive versions is a task beyond the scope of the present study. 

The evolution of the building codes in the 30 countries was investigated on the basis of the 

information retrieved in the technical literature regarding i) the entry in force of building / 

seismic codes in the different countries and ii) the expected seismic performance of 

buildings designed in a given time period. An additional assumption was that the buildings 

were designed and constructed in compliance with the requirements of the applicable 

seismic code. 

Figure 3 presents the time periods that are considered in this work for the three levels of 

seismic design in the different countries and for the associated classification of the seismic 

vulnerability of buildings. It may be highlighted that the countries with no code provisions 

and the ones that only recently improved the provisions for seismic design are the ones 

where the seismic hazard is low i.e. Denmark, Estonia, Finland, Ireland, Lithuania, 

Netherlands, Poland and the United Kingdom. On the contrary, the countries where the 

seismic hazard levels are higher, are at the forefront of a process of updating the design 

codes for earthquake resistance of buildings. As a matter of fact, requirements for seismic 

design were introduced in Greece, Portugal, Romania and Spain in the 1940s and 50s. 
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Interestingly, early versions of seismic design were codified in Austria and Germany in the 

same period. The classification shown in Figure 3 may be further refined after a thorough 

study, for all countries, of the seismic design codes and an assessment of the seismic 

performance of buildings constructed in different time periods. 

Following the investigation of the seismic codes of each country, a harmonised classification 

of the seismic vulnerability of the building stock across Europe is proposed. The Eurostat 

Census Hub provides nine periods to classify the date of building construction: before 1919, 

1919-1945, 1946-1960, 1961-1970, 1971-1980, 1981-1990, 1991-2000, 2001-2005 and 

after 2006. For many countries, the entry into force of the most important codes or laws, 

considered as “turning point” in the evolution of the construction characteristics relevant 

for seismic performance (see Figure 3), coincide with a threshold of the intervals in the 

Census Hub. When the limits of the two intervals (the implementation of a seismic design 

code and the period of construction) are not coincident, a conservative approach is 

adopted, i.e. the dwellings from a complete period of construction are assigned to the more 

vulnerable class, which also allows to take into account the period of transition until the 

effective implementation of a new regulation. 

By way of example, Kappos and Panagiotopoulos (2010) reported that the first seismic 

code was enforced in Greece in 1959 and supplementary clauses were added in 1984, while 

a modern code equivalent to the ENV version of Eurocode 8 (CEN 2004) was published in 

1995 and then updated in 2000. Based on this information, buildings constructed before 

1961 are assigned in the low vulnerability class (no seismic provisions), those constructed 

between 1961 and 1991 are considered to have been designed with a moderate-level 

seismic code and those constructed after 1991 belong to the class of buildings designed 

with a high-level seismic code. 

This classification does not account for other characteristics of buildings – height, 

construction material and structural system – that are important for the seismic response. 

It is noted that reliable information on these characteristics is only available for some 

countries and often not for all three parameters in the same country. 

Figure 3. Evolution of seismic design codes in the European countries 
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The database described in Section 2.1 was complemented with the following fields: number 

and percentage of dwellings per vulnerability class, and the vulnerability class of the 

majority of dwellings in each NUTS3. The information available in the database is 

summarised in Table 2. 

Table 2. Fields of the database at NUTS3 and LAU2 levels. 

NUTS3 Level    

Geography level1 N° of dwellings built 

before 1919 

N° of dwellings built 

from 2001 to 2005 

Percentage of 

dwellings in VC2 

Code of NUTS N° of dwellings built 

from 1919 to 1945 

N° of dwellings built 

after 2006 

Percentage of 

dwellings in VC3 

Code of Country N° of dwellings built 

from 1946 to 1960 

Total Number of 

Buildings 

Percentage  of 

dwellings in VC1 and 

VC2 

Name of NUTS3 N° of dwellings built 

from 1961 to 1970 

N° of dwellings in  

VC1 

Most frequent 

vulnerability class of 

dwellings 

Name of NUTS2 N° of dwellings built 

from 1971 to 1980 

N° of dwellings in 

VC2 

Population (n° of 

inhabitants in the 

area) 

Name of NUTS1 N° of dwellings built 

from 1981 to 1990 

N° of dwellings in 

VC3 

Area of the NUTS 

(hectares) 

Total number of 

dwellings 

N° of dwellings built 

from 1991 to 2000 

Percentage of 

dwellings in VC1 

 

LAU2 Level    

LAU code Area (square 

meters) 

DEGURBA Class Population (n° of 

inhabitants) 

Code of Country NUTS3 Code Name of LAU2 Reference PGA 

Figure 4 summarises the outcome of the procedure described above and shows the 

distribution of dwellings in each vulnerability class for the 30 countries. These results 

confirm that the European building stock is old and show that the large majority of buildings 

across Europe was constructed before the date of entry into force of the first building codes 

with rules for seismic design. The previous conclusion is supported by the map in Figure 5 

that presents the percentage of dwellings in buildings that were designed without seismic 

provisions or with moderate-level seismic code, in other words, those that would require 

upgrading their seismic performance. Further considerations towards a qualitative 

estimation of the seismic risk may be made by observing Figure 6 that maps the reference 

values of peak ground acceleration (PGA) for the reference return period for the no-collapse 

requirement in Eurocode 8 (CEN 2004). The PGA values were obtained from the National 

Annexes of Part 1 of Eurocode 8. The reference return period is 475 years for all countries, 

except for Romania and the United Kingdom that adopted return periods of 100 and 2500 

                                           
1For every region it is reported the corresponding geographic hierarchical level (Nomenclature of Territorial Units 
for Statistics). This field is necessary for comparing and joining this dataset with other databases at different 
geographical levels (i.e. NUTS1, NUTS2, LAU1). 
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years, respectively. Seismic action for Type 1 spectrum is shown in the map for Portugal, 

since this county published two seismic zone maps in the National Annex of Eurocode 8. 

The regions with the highest values of PGA are almost the entire territory of Croatia, 

Cyprus, Greece, Italy, Slovenia and Romania and parts of France, Spain and Portugal. From 

the comparison of the three maps in Figures 4 to 6, it may be gathered that the large 

majority of dwellings in these areas are located in buildings without design for earthquake 

resistance or in buildings designed with moderate-level seismic codes, and are therefore 

expected to suffer damage in the event of an earthquake. 

Figure 4. Percentage of buildings designed without provisions for earthquake resistance (no code), 
moderate level and high-level seismic code, © EuroGeographics for the administrative boundaries 

 

The map of Figure 7 presents an overview of the most frequent vulnerability class in each 

NUTS3 region across the 30 countries examined in this study. Results show that the 

majority of dwellings in countries in central and north Europe are located in buildings 

without design for earthquake resistance. As shown in Figure 6, the values of peak ground 

acceleration in these countries are relatively low and, therefore, the risk of damage is also 

low. It is nevertheless worth to investigate the seismic risk in the areas of low seismicity 

and moderate/high vulnerability of the buildings stock. All the maps in Figures 4 to 7 are 

fully reported in the layouts of Annex 1 of this report. The maps represent the seismic 

hazard and vulnerability of the building stock in Europe. 
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Figure 5. Percentage of dwellings in buildings designed without provisions for earthquake resistance 

and with moderate level seismic code, © EuroGeographics for the administrative boundaries 

 

Figure 6. Reference peak ground acceleration (g) for the reference return period of seismic action 

for the no-collapse requirement in Eurocode 8 
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Figure 7. Most frequent vulnerability class of dwellings within the building stock across the EU 

countries, © EuroGeographics for the administrative boundaries 

 

All the processed data described here are also summarised in a portfolio that includes maps 

and graphs for each country in order to provide more detailed information which is not 

clear at larger scales. Figure 8 shows an example of the layout of the portfolio developed 

in the current study for 38 countries, which is reported in Annex 2.The layout contains: a 

graph showing the number and percentage of dwellings in the three vulnerability classes 

and the number and percentage of persons living in dwellings of each class, a table 

including the number of dwellings by period of construction, the total population and the 

total number of buildings, and five maps regarding: the reference PGA value, the number 

of buildings, the percentage of dwellings in buildings designed without provisions for 

earthquake resistance and with moderate-level code, the percentage of dwellings in 

buildings designed with high-level code and the most frequent vulnerability class of 

dwellings. The maps present the PGA values at a LAU2 level and the remaining information 

at a NUTS3 level. The portfolio facilitates the understanding of the current conditions of 

the building stock in the seismic risk assessment perspective and, hence, may support 

decision-making processes.  
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Figure 8. Layout of the portfolio of hazard, exposure and vulnerability of residential buildings for 

Greece, © EuroGeographics for the administrative boundaries 
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3 Conclusions 

The collection, analysis and dissemination of data relevant to the reduction of losses is 

strongly supported by the European policies for resilience against natural disasters. 

Inventories of buildings are an essential component of every vulnerability assessment. 

They allow overviewing the conditions of the building stock in a region, provide scenarios, 

and, hence, are a tool for supporting decision making on seismic risk. In this study, a 

homogeneous database of the building stock in 30 European countries (the 28 Member 

States of the European Union plus Norway and Switzerland) was developed. To this aim, 

data was collected from the Eurostat Census Hub, namely the number of dwellings by 

period of construction of the building and population. Eurostat Census Hub provides data 

from the 2011 national housing census in a common harmonised format, according to a 

consistent methodology, across the 30 countries at a NUTS3 level. 

A methodology was developed to infer the number of buildings at a NUTS3 level from the 

number of dwellings, considering the degree of urbanisation. The methodology was 

validated against the available data on the number of buildings in six countries in south 

and central Europe. 

Moreover, the evolution of building codes was reviewed, with the goal of classifying the 

dwellings in three classes of seismic vulnerability, based on the seismic design code in 

force in each country at the time of the building construction. This classification may be 

further refined after a deeper analysis of the seismic design codes and their requirements 

in the different countries and periods of construction. 

The developed database contains the following information for each country: number of 

dwellings, number of dwellings by period of construction, percentage of dwellings in each 

vulnerability class at a NUTS3 level, degree of urbanisation class, the surface area and the 

reference value of PGA obtained in the National Annexes of Eurocode 8 at a LAU2 level. All 

the sources of data used for the whole methodology are consistent and compatible. 

All entries in the database are georeferenced, therefore it is possible to facilitate the 

analysis by generating maps with a compact spatial representation of the data and with 

high visual impact. Furthermore, to improve the accessibility and readability of data and 

results, a portfolio containing a layout for every country considered in this study, has been 

provided. 

Results confirm that most of the dwellings across all European countries are located in old 

buildings that are reaching or have already exceeded their conventional service life. In the 

seismic-prone regions of Europe, the majority of buildings was designed without provisions 

for earthquake resistance or with moderate-level seismic codes. They are therefore 

vulnerable to earthquakes, may have a significant impact on a high percentage of the 

population and need interventions that will reduce their vulnerability and consequently the 

risk of socio-economic losses. 

The inventory contains useful information for the assessment of the seismic risk across 

Europe and of socio-economic losses in case of seismic events, but also for risk studies 

regarding other natural hazards that may impact the built environment and for the 

assessment of the energy efficiency of buildings. The database may be used for speculative 

studies of the areas where potential retrofit of buildings would be beneficial, and 

additionally, it can be used to calibrate risk-based seismic codes for the design of new 

buildings and for prioritising interventions for risk reduction. It represents, therefore, a 

useful tool that provides support for the definition and implementation of territorial policies 

and intervention strategies that take into account the peculiarities at regional level and 

aim at the prevention and management of risk posed to the European building stock by 

natural disasters. 
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Annex 1. Maps of seismic hazard and vulnerability of residential 

buildings in Europe 
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Annex 2. Portfolio of hazard, exposure and vulnerability of 

residential buildings for countries of Europe 
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