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Executive summary 

This report describes PROTHEGO’s WP1: UNESCO Cultural heritage Vs Natural hazards at European 

scale – research activities, implemented ad developed mainly by ISPRA as WP leader. The WP1 is a 

typical research (RTD) activity, running from PROTHEGO’s starting date M1 (1st September 2015) 

until the end of M11 (i.e. 31th August 2016). The WP1 was just a little bit of delay and need more 

time with respect the original time table due to the difficulties encountered to collect and digitized 

all the UNESCO European WHL sites (about 3300 Core Area and Buffer Zone polygons). The main 

object of this WP is to analyse the state of the art concerning UNESCO WHL sites and geo-hazards at 

European scale. The appropriate available databases concerning natural hazards in Europe were 

collected and used for a preliminary spatial analysis in order to promote a first sketch of European 

UNESCO Heritage at risk (table a). A geo-database devoted to the PROTHEGO project was 

implemented, at this stage, as a repository of all project information. It was important to define the 

base level of the European UNESCO Cultural Heritage regarding geo-hazard occurrence and 

distribution. 

Table a: PROTHEGO’s WP1 developed and analyzed dataset. 

Data set Source* completeness type 

UNESCO WHL UNESCO and ISPRA complete Exposure map 

Seismic  SHARE project complete Hazard map 

Landslide  ELSUS1000, v1, 2013 complete Susceptibility map 

Volcanic  Various  complete Hazard map 

Subsidence Various partial Susceptibility/hazard map 

Flood Eionet DB partial Hazard map 

*The useful links are reported in the references 

.  
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1 Introduction 

1.1 The project 

PROTHEGO (PROTection of European Cultural HEritage from GeO-hazards) is a collaborative 

research project funded in the framework of the Joint Programming Initiative on Cultural Heritage 

and Global Change (JPICH) – Heritage Plus in 2015–2018. The aim of the PROTHEGO project is to 

develop and validate an innovative multi-scale methodology for the detection and monitoring of 

European Cultural Heritages exposed to natural hazards, namely monuments and sites potentially 

unstable due to landslides, subsidence, ground settlement, active tectonics as well as monument 

deformation, all of which could be effected of climate change and human interaction. Historically, 

on-site observation has been the most common way of monitoring cultural heritage sites and 

monuments in Europe. However, this procedure, that includes field surveying, ground-based data 

collection, periodical observations, is time consuming and expensive. Moreover, the installation of 

monitoring devices, such as optical targets, GPS stations, or inclinometers, on the heritage sites and 

monuments can lead to aesthetic and functional impacts that can affect the integrity and 

availability of the heritage. Satellite remote sensing and Geographical Information Systems (GIS) can 

successfully resolve these problems by providing the scientists and the heritage preservation and 

conservation practitioners with integrated remote monitoring of the study areas and the unique 

advantage to store and manipulate a large amount of spatial and attribute data simultaneously. By 

applying this methodology to the UNESCO world heritage sites in geographical Europe, and by 

integrating these data with existing databases of geo-hazards, PROTHEGO will identify and rank the 

most critical cultural heritage sites over the entirety of Europe. The main object of this WP is to  

analyse the state of the art concerning UNESCO WHL sites and geo-hazards at European scale. All 

the European UNESCO WHL sites will be analysed in terms of potential causative factors and 

triggering mechanisms for natural hazards, acting in the surrounding of each cultural heritage site. 

The appropriate available databases concerning natural hazards in Europe were collected and used 

for a preliminary spatial analysis in order to promote a first sketch of European UNESCO Heritage at 

risk. A geo-database devoted to the PROTHEGO project was implemented, at this stage, as a 

repository of all project information. It was important to define the base level of the European 

UNESCO Cultural Heritage regarding geo-hazard occurrence and distribution. Date, number, type, 

accessibility on UNESCO Cultural Heritage Vs. geo-hazard information is the starting point for the 
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development of the entire project. The final output has been the actual situation of UNESCO 

Cultural Heritage Vs. geo-hazards distribution at European scale. Funded in the framework of the 

Joint Programming Initiative on Cultural Heritage and Global Change (JPICH, www.jpi-

culturalheritage.eu/) – Heritage Plus, the project [2015–2018] aims to make an innovative 

contribution towards the analysis of geo-hazards in areas of cultural heritage in Europe. The Project 

is coordinated by the Italian Institute for Environmental Protection and Research (ISPRA), and 

carried out with the British Geological Survey part of the Natural Environment Research Council 

(NERC), Cyprus University of Technology (CUT), University of Milano-Bicocca (UNIMIB) and the 

Geological Survey of Spain (IGME). Within the Heritage Plus funding model, these five Project 

Partners received co-funding from the respective National Organisation participating in the JPICH: 

Ministry for Cultural Heritage Activities and Tourism (MIBACT) and Ministry of Education, 

Universities and Research (MIUR) in Italy, the Arts & Humanities Research Council (AHRC) in the UK, 

the Research Promotion Foundation (RPF) in Cyprus, and the Ministry of Economy and 

Competitiveness (MINECO) in Spain. 

1.2 WP1: UNESCO Cultural heritage Vs Natural hazards at European scale  

This report describes PROTHEGO’s WP1: UNESCO Cultural heritage Vs Natural hazards at European 

scale – research activities, implemented ad developed mainly by ISPRA as WP leader. The WP1 is a 

typical research (RTD) activity, running from PROTHEGO’s starting date M1 (1st September 2015) 

until the end of M11 (i.e. 31th August 2016). The WP1 was just a little bit of delay and need more 

time with respect the original time table due to the difficulties encountered to collect and digitized 

all the UNESCO European WHL sites (about 3300 Core Area and Buffer Zone polygons) 

Table 1 defines the timeline for the planned Work Packages activities and shows the three main 

tasks in WP1: 

• Task 1.1 – Analysis of available databases at European level 

• Task 1.2 – Update impact scenario in Europe of Natural Hazards Vs Cultural heritage 

• Task 1.3 – Definition of lack of information and needs 
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Figure 1: Flow chart of PROTHEGO’s WPs 1-6. 
 
Table 1: PROTHEGO’s WP7 GANTT chart. 

 

These will generate a number of outputs, alongside 2 main deliverables (Table 2), the first of which 

consists in this Report.  

Table 2: PROTHEGO’s WP1 deliverables. R = report; O = other; PU = public 

Del. No.  Deliverable name WP no. Nature Dissemi-

nation  

level 

Delivery date 

(proj. 

month) 

D.01.01 UNESCO Cultural heritage Vs Natural hazards at European scale 1 R PU M8 

D.01.02 Geo-hazard maps and database for the UNESCO WHL sites of Europe 

(Geo database) 

1 R/P PU M8 

 

WP Leader M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30

WP1 ISPRA
UNESCO Cultural heritage Vs Natural hazards at 
European scale

Task 1.1 ISPRA Analysis of available database at European level

Task 1.2 ISPRA
Update impact scenario in Europe of Natural Hazards 
Vs Cultural heritage

Task 1.3 ISPRA Definition of lack of information and needs

WP2 NERC
Harmonisation of available PS data, and creation of 
digital factsheets 

Task 2.1 NERC
Analysis of satellite InSAR and PS datasets available 
at European scale

Task 2.2 NERC
Harmonization of InSAR and PS ground motion 
information and creation of digital factsheets

WP3 UNIMIB
Integration of PS and geo-hazard products and 
implementation of multi-criteria methodology

Task 3.1 NERC
Analysis of PS and geo–hazard data integration 
methods

Task 3.2 UNIMIB
Definition of GIS-based multi-criteria methodology 
for the selection of case studies

Task 3.3 UNIMIB
Implementation of GIS-based multi-criteria 
methodology

WP4 UNIMIB Identification of most endangered sites
Task 4.1 ISPRA Site scale risk assessment Heritage vs Geo-Hazard

Task 4.2 CUT
Best practices for the diagnosis, monitoring, 
mitigation and preservation

Task 4.3 ISPRA Case studies selection
WP5 CUT Local-scale monitoring 
Task 5.1 CUT Hi Tech monitoring techquines

Task 5.2 CUT
Relationship between remote sensing and site 
specific monitoring systems

WP6 IGME Local scale investigation and Advanced modelling

Task 6.1 IGME
Case studies investigation and advanced modelling 
procedures

Task 6.2 ISPRA
Low impact mitigation measures site scale best 
practice

WP7 NERC Dissemination and communication
Task 7.1 NERC Project awareness 
Task 7.2 ISPRA User Consultation workshops
Task 7.3 NERC National and international dissemination

Task 7.4 ISPRA
Final Guidebook on PROTHEGO project 
methodologies and final workshop

WP8 ISPRA Project Management
Task 8.1 ISPRA Project coordination
Task 8.2 ISPRA Operative Management
Task 8.3 ISPRA Financial management
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The main object of this WP is to analyse the state of the art concerning UNESCO WHL sites and geo-

hazards at European scale. All the European UNESCO WHL sites will be analysed in terms of 

potential causative factors and triggering mechanisms for natural hazards, acting in the surrounding 

of each cultural heritage site. The appropriate available databases concerning natural hazards in 

Europe were collected and used for a preliminary spatial analysis in order to promote a first sketch 

of European UNESCO Heritage at risk. A geo-database devoted to the PROTHEGO project was 

implemented, at this stage, as a repository of all project information. It was important to define the 

base level of the European UNESCO Cultural Heritage regarding geo-hazard occurrence and 

distribution. Date, number, type, accessibility on UNESCO Cultural Heritage Vs. geo-hazard 

information is the starting point for the development of the entire project. The final output has 

been the actual situation of UNESCO Cultural Heritage Vs. geo-hazards distribution at European 

scale. 
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2 WHL sites in geographical Europe - Spatial Database 

Official information about UNESCO World Heritage List (WHL) Sites is available online at the relative 

homepage: http://whc.unesco.org/en/list/. PROTHEGO Project deals with WHL Sites belonging to 

continental Europe nations and nearby islands (British Isles, Cyprus, Iceland, Azores, Madeira and 

Canary Islands) according with the List updated in year 2015. Next table lists 40 nations taken into 

account and their Site count.  

Table 3. UNESCO WHL of PROTHEGO project (continental Europe). 

NATION code WH Sites cultural mixed natural 
Albania ALB 2 2 

  Andorra AND 1 1 
  Austria AUT 9 9 
  Belgium BEL 11 11 
  Bosnia and Herzegovina BIH 2 2 
  Bulgaria BGR 9 7 
 

2 
Croatia HRV 7 6 

 
1 

Cyprus CYP 3 3 
  Czech Republic CZE 12 12 
  Denmark DNK 7 5 
 

2 
Estonia EST 1 1 

  Finland FIN 6 5 
 

1 
France FRA 37 35 1 1 
Germany DEU 38 36 

 
2 

Greece GRC 17 15 2 
 Hungary HUN 7 6 

 
1 

Iceland ISL 2 1 
 

1 
Ireland IRL 2 2 

  Italy ITA 49 45 
 

4 
Latvia LVA 1 1 

  Lithuania LTU 3 3 
  Luxembourg LUX 1 1 
  Macedonia MKD 1 

 
1 

 Malta MLT 3 3 
  Montenegro MNE 2 1 
 

1 
Netherlands NLD 8 8 

  Norway NOR 7 6 
 

1 
Poland POL 13 12 

 
1 

Portugal PRT 15 14 
 

1 
Romania ROU 7 6 

 
1 

San Marino SMR 1 1 
  Serbia SRB 4 4 
  Slovakia SVK 5 5 
  Slovenia SVN 2 1 
 

1 
Spain ESP 41 37 1 3 
Sweden SWE 13 12 1 

 Switzerland CHE 8 6 
 

2 
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Turkey TUR 15 13 2 
 United Kingdom GBR 25 22 1 2 

Vatican City VAT 2 2 
   

Some of the Sites are made of more than one single part (so called Multiple Locations Sites) and few 

of them have parts distributed over different nations (Transnational). Therefore, to preserve Site 

Integrity, which is one of the Site Nomination Conditions, some parts where included even if they 

are located in nations not included in the Project list (i.e.: Ukraine, Belarus, Russia). In order to 

provide an updated overview, a detailed analysis of available datasets concerning the distribution of 

UNESCO WHL Sites and geo-hazards in Europe has been implemented. A GIS Spatial Database has 

been created through available data collection and digitization of polygons representing Site 

boundaries of both Core Properties and Buffer Zones. The official reference of the Sites boundaries 

is the UNESCO WHL relative webpage. Moreover from the “Maps” and “Documents” sections of 

each Site’s webpage, digital maps have been downloaded ; mainly raster images and PDF 

documents were available. Finally, for Multiple Locations Sites, details such as sub coding (sub-id), 

names and place names have been recorded. Digitizing method followed different steps, using 

original approaches to maximize the storage of information avoiding redundancy and ensuring the 

interoperability of products. The Spatial Database has been implemented by the acquisition of 

vector geographic layers provided by national authorities and Open Data Catalogues (39%; mainly 

from Italy, the United Kingdom, Belgium, Finland, Cyprus, Spain, UNEP-WCMC World Database on 

Protected Areas) and by new digitizing of UNESCO online available documentation realized by 

Project Investigators (ISPRA, NERC). Because of the variety of data typologies, different GIS software 

has been used (Esri ARCGis and QGIS) as well as Google Earth. The Project Coordinate Reference 

System (CRS) has not been defined strictly, because of the variety of sources implied to manage 

many CRS (national and international) both geographic and projected. Most used CRS were: 

“WGS84 Geographic” (EPSG 4326) due to its widespread adoption and the integration with Google 

Earth, “WGS84/Pseudo Mercator” (EPSG 3857) due to the better integration of geographic base 

map and GIS software, “ETRS89/LAEA Europe” (EPSG 3035) for the best overall layout and 

integration with European Union geodata. For the official framing of the Project, administrative 

boundaries have been obtained from European Union (EUROSTAT, NUTS2013; 1:1 Million scale) and 

from the “Global Administrative Areas” Project (http://www.gadm.org/). The latter dataset collects 

and integrates administrative boundaries from different sources and at different scales, but for 

Europe it seems to ensure a more detailed delineation than EUROSTAT’s and the same effective 

geo-location. First of all, to define the object of the study, the year 2015 UNESCO World Heritage 
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List in MS-Excel format has been downloaded and by this table it has been generated the point 

geographic layer of European WHL Sites. From the original list of 405 Sites, 6 of them have been 

excluded because of their location in overseas territories (mainly in the Caribbean, Pacific and 

Atlantic Oceans) of European nations that are too far from continental Europe to proper assess geo-

hazard. The WH Sites point layer contains all records attributes and, through the Site ID, allows 

ISPRA to relate this information to the polygon layer that contains the correct geographic 

delineation of Core and Buffer boundaries. The second step was the implementation of the Spatial 

Database containing the georeferenced polygon boundaries of properties belonging to the 399 WH 

Sites, distinguished in Core/Buffer Zone. To do this a vector geographic layer has been created to 

collect data from previous sources as well as new polygons. This layer contains a minimum set of 

common attributes: official Site ID, official Site part SUB-ID for Multiple Locations Site, Core/Buffer 

zone typology, data source, progress check code (geometric and geo-location check). To ensure 

proper and effective geometry management all multipart polygons have been split into single part. 

Polygon topology has been checked in terms of Core/Buffer typology: for each Site the Buffer Zone, 

if present, is external and adjacent to the Core Area, and they never overlap for the single Site. 

Anyway in some cases polygons from different Sites can overlap each other, that is Core and/or 

Buffer of one site overlap Core and/or Buffer of another site close to that, thus a certain land parcel 

belongs to more Sites. This event seems to depend on a certain “layering” of the inclusion in the 

WH List of territories belonging contemporary to more than one single Site; a central GIS of the Site 

boundaries leads to point out also these special features. Polygons from previous sources have 

been acquired as provided and, in case, corrected to remove Core/Buffer overlap, to split multipart 

features and to correct small geo-location errors. At last, boundaries not present as vector polygons 

from available datasets, have been drawn ex novo by tracing available documentation (raster 

images or PDF documents). Digital documents have been traced through GIS tools by interpretation 

of geographic feature on topographic base map (mainly Open Street Map) and satellite imagery 

(mainly Google Satellite). Draw scale depends on the original dataset: to trace raster images it has 

been adopted a maximum 5x zoom level referred to the original nominal scale (e.g.: an original map 

at 1:50000 scale has been traced drawing at maximum at 1:10000 scale, because a greater zoom 

level leads to an artificial and improper interpolation). Where topographic or satellite base map 

allowed a rendering of features better than that of the original map, as in urban areas covered by 

very high resolution satellite images, the original detail has been improved, raising the zoom level to 

1:5000 or 1:2000. Few times, due to the lack of topographic features in the original map, it was 

necessary to georeference the original map to trace the boundaries correctly geo-referenced. 
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Fig.2 UNESCO core polygon maps in continental Europe. 

 

Table 4. Distributions and main statistics on UNESCO WHL (continental Europe). 

WH sites 399 

WH Core polygons ~ 2351 

polygon area min 5 (m^2) 

polygon area max 10000 (km^2) 

WH av. sub area 80 (km^2) 
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3 Geo-hazard1: European UNESCO sites and Seismic Hazard 

Seismic hazard in Europe is far to be homogeneous. Seismic hazard models for Europe (e.g. Fig. 3) 

clearly indicate that the most seismic areas are in the Mediterranean area, with expected 

magnitudes even higher than 7.  

Higher seismic areas are: 

• in Turkey, especially along the North Anatolian fault; 

• in almost the entire territory of Greece;  

• in Italy, especially along Central-Southern Apennines and Sicily; 

• in some sectors of the Balcanic region and Southern Spain. 

This seismicity is caused by a relevant geodynamic activity along a convergent margin where the 

African plate is subdued under the European plate.  

Instead, Central and Northern Europe are characterized by very low seismicity, with the exception 

of Iceland, whose seismicity is strictly linked to the geodynamic activity along the Mid-Atlantic ridge, 

and the Rhine Valley. 

Data source for any seismic hazard assessment are the instrumental record, which is typical of the 

last century, frequently integrated with information from historical events which allow to base the 

assessment on a record of several hundreds of years. In particular cases, thanks to the contribute 

from paleoseismological investigations, it is possible to extend the time window for seismic hazard 

evaluation to several tens of thousands of years. 
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Fig.3 Probabilistic seismic hazard map of Europe, expressed in terms of 10% exceedance probability in 50 years 

for Peak Ground Acceleration (www.share-eu.org/). 

Seismic hazard assessment of the considered UNESCO sites has been based on data available from 

the SHARE project (http://www.share-eu.org/). This project funded by European Commission has 

aimed to defining a seismic hazard model for Europe resulting from the harmonization of existing 

national seismic hazard datasets and models. 

In Fig.3, the most recent probabilistic seismic hazard map elaborated by SHARE (updated in 2013) is 

reported, This map represents the 10% exceedance probability in 50 years for Peak Ground 

Acceleration (PGA) over the entire European territory. 

From the EFEHR portal (Fig. 4; http://www.efehr.org:8080/jetspeed/portal/HazardMaps.psml) it 

has been possible to download these data in a format suitable for the analysis (i.e. a shapefile of 

square polygons, having length about 6 km). To each single square polygon is associated a PGA 

value expressed in terms of probability of exceedance 10% in 50 years, corresponding to a return 

period of 475 years. 

http://www.efehr.org:8080/jetspeed/portal/HazardMaps.psml
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Fig.4 Probabilistic seismic hazard map of Europe, expressed in terms of  10% exceedance probability in 50 

years for Peak Ground Acceleration (http://www.efehr.org:8080/jetspeed/portal/HazardMaps.psml) 

By intersecting UNESCO sites polygons (core area) and the SHARE square polygons it has been 

possible to associated to each UNESCO core site a class of seismic hazard corresponding to the PGA 

value from SHARE. In case the UNESCO core area has intersected more than one SHARE polygons, it 

was chosen the maximum value. For a qualitative classification of seismic hazard, it was used the 

SHARE legend (Table 5) which comprehends three ranges of PGA values. 

Table 5– Seismic hazard levels classified by three SHARE ranges of PGA 

Seismic Hazard Peak Ground Acceleration (g) 

Low ag <0.10 

Moderate 0.10 < ag < 0.25 

High ag > 0.25 

 

Results have been summarized in Table 6: 74% of the core areas are in low-seismic areas while only 

9% are in highly seismic zones. For each site, the maximum seismic hazard among the different Core 

Areas has been counted in the column WHL Sites. 
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Table 6 – Europe Seismic hazard levels Vs WHL sites 

Seismic Hazard Peak Ground 
Acceleration (g) Core Areas WHL Sites 

Low ag < 0.10 1756 75% 238 60% 
Moderate 0.10 < ag < 0.25 402 17% 92 23% 

High ag > 0.25 177 8% 62 16% 
No Data No Data 16 < 1% 7 1% 

Total  2351 100% 399 100% 
 

A summary map of the analysis is reported in Fig. 5: core areas of UNESCO sites have been mapped 

in terms of the three PGA ranges that classify their level of seismic hazard. 

 

Fig.5 Seismic hazard levels classified by three SHARE ranges of PGA. 
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4 Geo-hazard2: European UNESCO sites and Landslide Hazard 

The distribution of landslides over Europe is linked to the geological and relief conditions. The 

Alpine chain, the southern part of Europe (from Portugal to Turkey), Norway and Great Britain are 

the most prone to landslides (Spizzichino et al., 2013). Mountain areas as the Alpine chain and 

Norway are the most suitable for occurrence of rock fall and debris flow; moderate/gentle hills in 

sand-clay material generate most of slides and flows as in the United Kingdom, France, central and 

southern Italy or some part of Balkan peninsula; nevertheless also low energy relief sites in 

Northern Europe may exhibit fast and/or slow movements due to the presence of highly susceptible 

glacial terrains (Spizzichino et al., 2010). 

 

Fig.6 Major landslide events in EEA countries 2003–2010. (Source: Spizzichino et al., 2013). 

4.1 Available landslide datasets in Europe 

National landslide databases are available for many European countries. A “Landslide national 

inventory questionnaire” has been promoted and circulated among EuroGeoSurveys (The 

Geological Surveys of Europe) - Earth Observation and Geo-hazards Expert Group with the aim of 

reviewing the status of landslide European databases. As results, the total landslides collected in 
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national databases are about 900,000, 68% of which in the Italian Landslide Inventory. In Croatia 

and Germany there are only regional databases, while no information on databases is available for 

Portugal, Romania and Switzerland. In Italy, the Italian Landslide Inventory (IFFI Project), realized by 

ISPRA and Regions and Autonomous Provinces, identifies and maps landslides in accordance with 

standardized criteria (Trigila and Iadanza, 2008; Trigila et al., 2010). The methodology is based on 

the collection of historical documents and archive data, aerial photo-interpretation and field 

surveys, a detailed landslide mapping (polygon representation at 1:10,000 scale) and a 

comprehensive landslide data sheet. The inventory contains 614,799 landslides affecting an area of 

about 23,000 km2 (7.5% of national territory). Online maps and Web Map Service (WMS), according 

to OGC standards and INSPIRE Directive, are available for the Italian Landslide Inventory 

(http://www.progettoiffi.isprambiente.it). 

 

Fig.7 Landslide density in Italy (landslide area/total area calculated over a 1 km grid) (ISPRA, 2015). 

Official landslide hazard zoning maps are available for 55% of European countries, as the Piani di 

Assetto Idrogeologico – PAI in Italy, the Plans de Prevention des Risques – PPR in France, the Carte 

des dangers cantonale in Switzerland and the Gefahrenzonenplan in Austria. Land use regulations 

are applied to each hazard/susceptibility zone. The Classified European Landslide Susceptibility Map 

(ELSUS1000, v1, 2013) shows 5 levels of spatial probability of generic landslide occurrence at 

continental scale (spatial coverage: 26 member states of the European Union). The map has been 

derived from heuristic-statistical modelling of main landslide conditioning factors (climato-

physiographic regions, slope gradient, soil parent material and land cover), using 100,000 landslide 

http://www.progettoiffi.isprambiente.it/
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location data for model calibration and validation. The pixel size is 1 km (Günther et al., 2014). The 

map has been produced jointly by the Federal Institute for Geosciences and Natural Resources 

(BGR, Hannover, Germany), the Joint Research Centre (JRC, Ispra, Italy), the Institute of Physics of 

the Globe (CNRS-EOST, Strasbourg, France), and the Research Institute for Hydrogeological 

Protection (CNR-IRPI, Perugia, Italy), as part of the work of the JRC European Landslide Expert 

Group, with contributions from other members of the Group. 

 

Fig.8 European landslide susceptibility map (Günther et al., 2014). 

4.2 Landslide risk for UNESCO Cultural Heritage in Europe 

Landslide risk for UNESCO Cultural Heritage in Europe has been evaluated using the European 

UNESCO polygons and the European Landslide Susceptibility Map (ELSUSv1). Through GIS overlay of 

the layers, each UNESCO polygon has been assigned with the most represented ELSUS class, i.e. the 

majority of ELSUS layer area that intersects each single UNESCO polygon. Then, to evaluate the 

ELSUS class for the whole WHL Site, the maximum value of its polygon parts has been chosen. The 

following table summarizes the results. 
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Landslide Susceptibility Class Core Areas WHL Sites 

Very Low 708 30% 124 31% 
Low 462 20% 74 19% 

Moderate 328 14% 50 13% 
High 390 17% 57 14% 

Very High 208 9% 48 12% 
No Data 255 11% 46 12% 

 

 

Fig.9 UNESCO cultural heritage at landslide risk in Europe 

In Italy a detailed analysis has been carried out by GIS overlay of the Italian Landslide Inventory and 

UNESCO cultural heritage polygons. The results of the analysis are that 20 Cultural and 3 Natural 

Heritage (of the 51 total CH), or at least one of their components, are interested by IFFI landslides. 
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Fig.10 a) San Salvatore Basilica (component of Longobards in Italy - Places of the Power) interested by slides; 

b) IFFI landslides in Cilento and Vallo di Diano (Cultural Heritage core zone) 
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5 Geo-hazard3: European UNESCO sites and Volcanic Hazard 

Volcanic eruptions are natural cyclical events whose hazard has to be referred to the characteristic 

return time and to the magnitude of the volcano. The first can be inferred by the study of the 

historical records, while the second depends substantially on the total erupted mass. The most 

dangerous features primarily produced by eruptions are lava flows, volcanic falls (bombs, tephra 

and ash), pyroclastic flows, mud flows (lahars) and gas emissions. The geographic and grain size 

distribution of the deposits are function of the height of eruption column and of the prevailing 

winds. As secondary effects volcanic activity can also cause earthquakes, landslides, floods, 

tsunamis, wildfires and pollution of soils and surface water.  

Volcanoes are generally defined as active when they gave manifestations in the Holocene (i.e. last 

10000 years), in the Mediterranean and West Asia region 46 volcanoes meet these characteristics 

(see Figure 11), but only 12 have historical records. As referred by Loughlin et al. (eds., 2015) most 

of them are stratovolcanoes and small cones (volcanic fields ) and the activity style vary from mild 

eruption magnitude to large explosive events. 

 

Fig.11 Distribution of Holocene volcanoes through the Mediterranean and West Asia region; after Loughlin et 

al. (eds.) (2015). 

All historical eruptions occurred in Italy, Greece and Turkey and these volcanoes are monitored by 

national observatories. The four historically active and most hazardous volcanoes, in Italy and 

Greece, are well monitored using multi-system monitoring networks. 

In PROTHEGO approach the analysis of volcanic hazard starts with the identification of active sub 

aerial volcanoes in Europe and their spatial relations with the UNESCO WHL Sites:  the geographic 
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analysis of WHL Sites pointed out that 11 active sub aerial volcanoes threaten European Sites. Most 

of these volcanoes are in Italy and among them only Etna and Stromboli have persistent activity, 

that is they erupt continuously or with intervals of months or a few years. 

Volcanic hazard assessment of WHL Sites is based on the type of volcano and its characteristic 

eruption style (explosive or effusive) and evolution over the time. These characteristics , along with 

data and maps, have been obtained from different Institutions, as follows: 

Table 7 – Summary for the sources of data 

Volcano Institution website 

Vesuvius, Phlegrean Fields, Ischia, 
Aeolian, Etna (ITALY) 

Italian Civil Protection, 
Istituto Nazionale di Geofisica e Vulcanologia 

DPC 
INGV 

Teide (Canary Isl., ESPANA) Universidad de Navarra, 
Instituto Geologico y Minero de Espana 

TECNUN 
IGME.ES 

Pico (Azores Isl., PORTUGAL) Centro de Vulcanologia e avaliaçao de riscos geològicos CVARG 

Methana (GREECE), 
Surtsey (ICELAND) Smithsonian Institute, Global Volcanism Program GVP 

 

To set the area of interest for each considered volcano, hazard maps and models available from 

local research institutions and observatories were examined, then these data were cautionary 

interpolated to a buffer radius according to the magnitude of the known potential eruption.  

Given the characteristics, location and available technical literature of each volcano, two different 

circular buffers were preliminary defined around the vent to define the hazard level (see Figure 12): 

• high level - proximal area potentially reached by lava and pyroclastic flows and fall of 

bombs, tephra and ash; 

• low level - distal area potentially reached only by ash fallout. 

Next table shows the resulting buffer distances adopted for each volcano. 

Table 8 – Buffer distance adopted for the analysis  

VOLCANO NATION Last activity 
High Level, 

proximal buffer 
(km) 

Low Level, 
distal buffer 

(km) 

Vesuvius (Naples) Italy 1944 AD 12 35 

Phlegrean Fields (Naples) Italy 1538 AD (M.te Nuovo) 12 35 

Ischia (Neapolitan Archipelago) Italy 1302 AD 12 35 

civilhttp://www.protezionecivile.gov.it/jcms/en/vulcani_attivi.wp
http://vulcani.ingv.it/en/
http://www4.tecnun.es/
http://www.igme.es/
http://www.cvarg.azores.gov.pt/
http://volcano.si.edu/
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Stromboli (Aeolian Islands) Italy 2007 AD (more intense activity) 3 35 

Lipari (Aeolian Islands) Italy 1230 AD 6 35 

Vulcano (Aeolian Islands) Italy 1890 AD (La Fossa) 5.5 35 

Etna (Sicily) Italy 2013 AD (more intense activity) 18 35 

Teide (Canary) Espana 798 AD 12 35 

Methana (Attica) Greece III Cent. b.C. 12 35 

Pico (Azores) Portugal 1718 AD 18 35 

Surtsey Iceland 1973 AD 1 35 

 

Most of WHL Sites affected by volcanic hazard are represented by the Site itself (e.g.: Mount Etna, 

Aeolian Islands, Teide National Park, Pico Island), but in some cases volcanoes buffer could affect 

other European UNESCO sites (table 9). 

 

Table 9 – Buffer distance adopted for the analysis  

VOLCANO different European UNESCO site affected 

Neapolitan Complex 
(Vesuvius, Phlegrean 
Fields) 

Historic Centre of Naples 

Archaeological Areas of Pompei, Herculaneum and Torre Annunziata 

18th-Century Royal Palace at Caserta with the Park, the Aqueduct of Vanvitelli, and 
the San Leucio Complex 

Costiera Amalfitana 

Etna Le città Barocche di Val di Noto 

Methana Sanctuary of Asklepios at Epidaurus 
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Fig.12 Volcanic hazard Vs. European WHL Sites Core Area. 

This preliminary analysis pointed out that 11 active volcanoes affect 41 core zone in 10 different 

WHL Sites, with different level of hazard. 

 

 

 

 High volcanic hazard 
 Low volcanic hazard 

Figure 11: WHL Site Core areas affected by volcanic hazard 

Spain - The WHL Site Core area of “Teide National Park” (Tenerife, Canary Islands) falls completely 

inside the high level hazard buffer of Teide stratovolcano. 

GREECE - The WHL Site of “Sanctuary of Asklepios at Epidaurus” is located at about 25km from the 

Methana peninsula, thus falling completely in the low hazard buffer of the volcano. 

ICELAND - The WHL Site of “Surtsey”, the island formed by the 1963-1967 eruption, is completely 

inside its high volcanic hazard buffer. 
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ITALY (Neapolitan area) - Two WHL Sites (“Aree Archeologiche di Pompei Ercolano e Torre 

Annunziata” and “Centro storico di Napoli”) fall entirely in the high hazard buffer of, respectively, 

Vesuvius and Phlegrean Fields. Two different WHL Sites (“Il Palazzo Reale del XVIII secolo di Caserta 

con il Parco, l'Acquedotto vanvitelliano e il Complesso di San Leucio” and “Costiera Amalfitana”) are 

located inside the low hazard buffer of the Vesuvius volcano. 

 

Figure 12: San Sebastiano al Vesuvio, hit by the 1944 lava flow (source: DeGolyer Library, Southern Methodist 

University). 

 

Figure 13: San Leonardo, Duomo di Mascali (Etna), hit by the 1928 lava flow 

(http://www.italysvolcanoes.com/ETNA_1928.html) 
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ITALY (Aeolian island) - The WHL Site “Isole Eolie” is completely interested by volcanic hazard. 

Particularly the islands of Stromboli, Vulcano and Lipari are inside the high level hazard, while the 

remaining islands are at low level hazard. 

ITALY (Etna) - Both Core area and Buffer zone of WHL Site “Mount Etna” are located in the high 

level buffer of the volcano. Moreover the city center of Catania, that is part of the WHL Site “Le città 

Barocche di Val di Noto”, at the foothill of Mount Etna, is in the low level hazard buffer of the 

volcano. 

PORTUGAL - The WHL Site “Landscape of the Pico Island Vineyard Culture”, in the Pico Island 

(Azores), is completely inside the high level buffer of the Pico volcano. 
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6 Geo-hazard4: European UNESCO sites and Subsidence Hazard 

Subsidence is the sinking or settlement of the land surface caused by natural or human-induced 

processes. Commonly the term principally relates to the vertical downward movement of natural 

surfaces although some generally small-scale horizontal movement may be present. Collapse is a 

sudden, and sometimes catastrophic, type of subsidence, while settlement, or down-warping, is a 

process of moderate and relatively slow downward displacement of the ground.  

Subsidence results from a wide variety of circumstances and processes. It can be a widespread and 

major constraint causing substantial increased costs and delays to new development, damage to 

existing development, infrastructure, and land, and, sometimes, deaths and injuries. But causes of 

subsidence can also be localized. 

Many events affect property, development, and people worldwide every year; so, it is important to 

be aware of the potential for subsidence and, where appropriate, to investigate, monitor, and treat 

the ground to safeguard structures, the public, property prices and to encourage investment that is 

essential for reclamation and regeneration (Marker, 2015). 

Land subsidence is nowadays one of the challenging issues that need to be addressed in many 

European countries, e.g. Italy (Raspini et al. 2012, 2016; Tosi et al,. 2013; Comerci et al., 2015; Solari 

et al. 2016), Greece (Loupasakis and Rozos 2009; Stiros 2001), Spain (Herrera et al. 2009; Tomas et 

al. 2014), etc. 

According to Swiss Re (2011) Property damage from drought induced soil subsidence has risen 

dramatically across Europe. In France alone, subsidence-related losses have increased by more than 

50% within two decades, costing affected regions an average of € 340 million per year. A new loss 

model developed by Swiss Re and the Swiss Federal Institute of Technology (ETH Zurich) highlights 

the impact of climate change on local soil conditions and the expected damage to properties across 

Europe. The study shows that the potential for property damage from soil subsidence is not only 

increasing significantly, but it is also spreading to new geographic regions across the continent (Fig. 

16): in recent decades, climate change has led to a dramatic – and often unforeseen – rise in soil 

subsidence risks. 
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Fig. 16: Loss potential from soil subsidence in Europe today (A); Loss potential from soil subsidence has been 

rising across Europe. Light green shades denote areas where today’s simulated losses increased by more than 

50% since the 1951–70 period (B). Grey shades denote regions where future subsidence losses for the period 

2021–2040 are estimated to increase by 50% or more compared to the period 1987–2006 (C) (from: Swiss Re, 

2011). 

Since the first results dating back to 1980’s (Gabriel et al., 1989), Satellite interferometric synthetic 

aperture radar (InSAR) data have proven effective and valuable in the analysis of urban subsidence 

phenomena based on multi-temporal radar images. Indeed, Satellite Synthetic Aperture Radar 

Interferometry, thanks to its wide spatial coverage and its millimeter accuracy, provides a valuable 

contribution in the management of hazard posed by subsidence-related deformation. In the last 

decade, based on this effective technology, some projects have been developed to analyze ground 

motion at European level. 

1. The ESA-GMES Terrafirma project (2003–2014) has worked for the promotion of the 

persistent scatterer interferometry, a family of techniques ideally suited for the assessment 

of magnitude of surface deformations associated with subsidence phenomena. The project 

was aimed at providing pan-European terrain motion information services and was based 

on the use of the remote sensing technique of persistent scatterer interferometry (PSI), 

capable of measuring, with millimeter precision, ground motion related to subsidence, 

landslides, crustal deformation and volcanic activity. Using satellite data, and in conjunction 

with expert interpretation, the project provided information services in 25 of the 27 

member states of the EU. 
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Fig. 17: Terrafirma services coverage map (2003–2013). Involved countries are reported. Services for the 
three stages of Terrafirma are classified according to their typology (from Raspini et al., 2016). 

 

2. In 2007, the Italian Government supported the largest ever InSAR analysis to be funded by a 

national government. The Italian Ministry of the Environment financed a project designed 

to map unstable areas over the entire Italian territory, using PS data. In January 2008, the 

Italian Ministry of the Environment awarded a contract to the industrial consortium, 

composed of TRE, e-geos and Compulab (Costantini et al., 2015). The main project objective 

was to expand and update the National Cartographic Portal (PCN) with displacement data 

for 1992–2010. The project involved processing the entire ESA ERS and Envisat SAR image 

archives over Italy (>15 000 SAR images covering>330 000 km2), which called for a 

dedicated geospatial database to manage millions of PS measurements, thousands of SAR 

images and hundreds of interferometric data-stacks (Fig. 18; Ferretti et al., 2015). 
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Fig. 18: Large-scale mapping of unstable areas over the entire Italian territory. More than 8000 ESA ERS 

satellite images were processed. Coloured dots correspond to measurement points. Red areas are 

affected by subsidence. The total area covered is 330 000 km2. Radar data: ERS, June 1992–June 2000. 

Background image: Google Earth™. (From Ferretti et al., 2015). 

 

3. Another European project, aimed to develop a pan-European service for assessing 

subsidence hazards in coastal lowlands based on satellite and in situ measurements and 

numerical models was named SubCoast and financed by EC for the period 2010-2013. The 

objective of the pilot service was to provide spatially distributed datasets relevant to flood 

risk around Europe’s coastlines in order to meet the needs identified by the main user (the 

EEA) in their 2006 report on the state of the environment at Europe’s coasts. With regards 

to subsidence of low lying coastal areas, the EEA are interested to have an indication of the 

subsidence for all EU coastlines. They suggest a grid based approach with a 1km2 grid size 

and were pragmatic in recognising that a European-wide subsidence dataset would not 

suddenly emerge. In response to these requirements by the main user of the proposed 

service, the European Integration Task produced the European Integration Product (EIP) 

which obtained, assessed, reprocessed and integrated Europe-wide datasets such as 

OneGeology Europe and SRTM/GDEM and incorporated additional high resolution datasets 

such as TerraFirma PSI for local calibration / validation where appropriate. The resulting EIP 

is a unified product (primarily in gridded format) that provides baseline data layers 

consisting of: Potential Subsidence (Fig. 19); Baseline land elevation (DEM) and sea level 

models; Potential coastal erodibility; Vertical motion related to neotectonics (Contour map 

of neotectonic movements; Grid of neotectonic movements; Point determination of land 

level change).  
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Fig. 19: Potential Subsidence Map of the European Coastline (from SubCoast Deliverable D3.6.3. September 

2013) 

4. The analysis of the subsidence hazard (between others) at European level was also one of 

the target of the PanGeo project. Between 2011 and 2014, the PanGeo project, a GMES 

(Global Monitoring for Environment and Security)-Copernicus service has been financed by 

the EC (Seventh Framework Program). PanGeo was aimed at providing geohazard 

information at a city scale based on satellite data (Permanent Scatterer Interferometry 

Synthetic Aperture Radar, PSInSAR), interpreted by the national geological surveys of 27 

European Union countries, by comparing them with in situ geological, geothematic and 

geohazard data (Bateson et al. 2012). Now, PanGeo provides users with open access to 

geohazard maps across 52 European cities and towns (representing approximately 13 % of 

the EU population; Fig. 20), down to a mapping scale of 1:10,000. The PanGeo products 

include a ground stability layer (GSL), which maps, using attributed vector polygons, all the 

areas of a given town that are affected by terrain motion (ground instability), and a 

geohazard description (GHD), a document that illustrates the geological reasons for the 

discovered motions. The areas of potential instability include zones identified as having the 

potential for ground instability using the available geological, geomorphological and 

auxiliary data provided by the geological surveys. In Fig. 21 is reported, as example, the 
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Ground Stability Layer of Roma (Comerci et al., 2015) which shows (in red) the areas 

affected by subsidence because of the presence of compressible ground. 

 

Fig. 20: the 52 European cities and towns analyzed in the PanGeo project 

 

Fig. 21: Ground Stability Layer of Roma: Observed geohazards. Polygons enclose areas where ground motions 

have been detected by PSInSAR data and/or where geohazards are known to occur (from Comerci et al., 2015). 

Zoomed images available in PanGeo portal, http://www.pangeoproject.eu. 

http://www.pangeoproject.eu/


Ref:WP1: UNESCO Cultural heritage Vs. Natural hazards at European scale  
Deliverable: D01.01: UNESCO Cultural heritage Vs Natural hazards  
at European scale  
Version: 1.0 
Date: 20/09/2016 

Page 30 of 38 

6.1 The EOEG activity on Subsidence at European scale 

In the framework of the EuroGeoSurveys (the Geological Surveys of Europe) activities, the EOEG – 

Earth Observation and Geohazards Expert Group, which aims to bridge the gap between Earth 

Observation (EO) technological and scientific capabilities and the delivery of harmonized pan-

European information on geo-hazards, geo-resources and environment, has constituted a Working 

Group on Landslides and Subsidence aiming to present a picture of the landslide & subsidence 

databases in Europe, describing methods, distinguishing types of terrain motion, identifying gaps 

and explaining the use given by every country. To review the status of existing Subsidence European 

databases (with the aim of producing a European terrain motion map), questionnaires were 

circulated between the national geological surveys and the results were collected. The countries 

that filled up the questionnaire were Belgium, Croatia, Cyprus, Czech Republic, Estonia, Germany, 

Greece, Ireland, Italy, Lithuania, Netherland, Poland, Romania, Slovakia, Spain and Sweden. Croatia, 

Estonia and Sweden declared the lack of a national database. The results are not still published by 

EOEG and therefore are not still available, neither published review on subsidence databases at 

European scale is available. Data collected on 13 countries from 20 Geological surveys provided 

information on 8 regional and 20 national databases, containing more than 100.000 subsidence 

records related to shrinking and swelling clays, compressible ground, ground dissolution, mining, 

running sand and liquefaction, groundwater abstraction, made ground and oil and gas production. 

Differences between subsidence types and different mapping approaches exist between the 

different databases. One critical issue is the local or regional scale of every subsidence type. Local 

scale subsidence, such as ground dissolution, sinkholes, or mining subsidence can be easily mapped 

since the spatial boundaries and the temporal  occurrence can be more easily identified. Contrarily, 

regional subsidence (i.e. groundwater abstraction, peat oxidation) may not be so easy to map since 

it usually affects wide areas and boundaries are often unclear. Subsidence event density for this 

regional hazard would be better estimated dividing the affected area by the area of the country. In 

the Netherlands subsidence hazard threatens 50% of the country, while in Germany 30% of the 

territory. In other countries where the number and the density of subsidence records was 

comparatively small (Belgium, Spain, Czech Republic or Greece) the subsidence hazard extent varies 

between 2% and 14% of the territories. Nevertheless, a more homogenized analysis of the 

subsidence hazard spatial extent is necessary between EGS databases before this result can be 

considered significant. Further analysis are in progress and probably we will have available official 

data from EOEG during the next steps of the project. 
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6.2 Discussion and Conclusions 

Analyzing the European projects described above we deduce that a mapping of subsidence at the 

European level is lacking. We have only studies on small areas in which the analyzes were not 

conducted according to standardized and homogeneous criteria. The EOEG of the Eurogeosurveys is 

facing the challenge to construct a ground motion map of Europe, but the difficulties are still many 

because of lack of data and inhomogeneities.  

Therefore, from the operational point of view, what PROTHEGO project have to do in the next steps 

(WP2 activities) is to check the availability, case by case, i.e. for each Cultural Heritage site, of 

ground motion data or maps (levelling/GPS/SAR) derived by specific projects, as in the case, 

reported here as an example, of the UNESCO site “Ferrara, City of the Renaissance, and its PO 

Delta”. In Fig. 22, taken from Lattarulo (2016), the borders of the UNESCO site are superimposed to 

the subsidence map: it is possible to know the lowering velocity to which the site is affected. 

 

Fig. 22: Spatial intersection of UNESCO sites in Emilia Romagna and the regional subsidence map drafted by 
ARPA Emilia Romagna, related to the period 2006-2011 (from: Lattarulo, 2016). 

  



Ref:WP1: UNESCO Cultural heritage Vs. Natural hazards at European scale  
Deliverable: D01.01: UNESCO Cultural heritage Vs Natural hazards  
at European scale  
Version: 1.0 
Date: 20/09/2016 

Page 32 of 38 

7 Hydro-hazard5: European UNESCO sites and Flood 

In order to assess a possible flood risk, which may threaten UNESCO sites involved in the project, it 

has been necessary to identify a referenced data base to summarize European flood risk maps. 

Therefore, the Eionet DB has been used. Eionet is a partnership network of the European 

Environment Agency(EEA) and its member and cooperating countries. It consists of the EEA itself, 

six European Topic Centres (ETCs) and a network of around 1000 experts from 39 countries in over 

350 national environment agencies and other bodies dealing with environmental information. The 

Eionet partnership is crucial to the EEA in supporting the collection and organisation of data and the 

development and dissemination of information. Through Eionet, the EEA coordinates the delivery of 

timely, nationally validated, high-quality environmental data from individual countries. This forms 

the basis of integrated environmental assessments and knowledge that is disseminated and made 

accessible through the EEA website. This information serves to support environmental management 

processes, environmental policy making and assessment, and public participation at national, 

European and global levels. Eionet is also responsible for Reporting Obligation Database (ROD) 

where Member States fill in their national flood risk maps according to Water Flood Directive 

2007/60 as shown in the following figure. 
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Fig. 23: Eionet web portal. 

Deliveries are posted under a specific tag as shown below: 

 

Fig. 24: Deliverables for the flood directive  
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At present, we have flood maps only for 8 of the 28 States involved in the project. This is due to the 

fact that not all the States have made their maps accessible to public.  

Given that the hazard “Flood” was not initially included in the original project proposal (mainly 

focused on geo-hazards), in order to complete the detail of the study, it has been decided to 

proceed to the verification of the UNESCO European sites which are located in areas exposed to 

flood risk; this will be implemented only for those member states that have uploaded official flood 

risk maps on the Eionet website. 

 

Fig. 25: Deliverables for the flood directive  
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8 Conclusions 

This report describes PROTHEGO’s WP1: UNESCO Cultural heritage Vs Natural hazards at European 

scale – research activities, implemented and developed mainly by ISPRA as WP leader. The main 

object of this WP has been to analyse the state of the art concerning UNESCO WHL sites and geo-

hazards at European scale. All the European UNESCO WHL sites were analysed in terms of potential 

causative factors and triggering mechanisms for natural hazards, acting in the surrounding of each 

cultural heritage site (core and when available buffer zone). The appropriate available databases 

concerning natural hazards in Europe were collected and used for a preliminary spatial analysis in 

order to promote a first sketch of European UNESCO Heritage at risk. A geo-database devoted to 

the PROTHEGO project was implemented, at this stage, as a repository of all project information. 

The final output has been the actual situation of UNESCO Cultural Heritage Vs. geo-hazards 

distribution at European scale. All the European UNESCO Heritage sites were collected 

georeferences and digitalizes for a total amount of 399 sites (the core polygons were ca. 2351). The 

16% of the EHS (European Heritage Sites) belongs to the High seismic hazards category. The 12% of 

EHS are located in Very High landslide susceptibility zone and 14% in High susceptibility zone. 26 

EHS are actually in a High volcanic hazard area. For subsidence and flood only some European 

country provided the relative hazard map. A European preliminary sketch is not available at the 

moment. Some detailed analysis (national level) will be provided further. 
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Appendix A 

See the PDF Table in UNESCO_EU_sites_2015_PROTHEGO_annex_deliv_WP1_November2016.pdf 
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