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SUMMARY

The EU-FP7 SafeLand project focuses on the different topics related to quantitative landslide
risk assessment (QRA) at local to national scales. Landslide databases, usually including
inventory maps and linked alphanumeric information, are the most important input data in
landslide risk assessment. However, to allow quantitative landslide hazard and risk
assessment they should contain information on the location of landslide phenomena, types,
history, state of activity, magnitude or size, failure mechanisms, causal factors and the
damage caused. Yet, it is not known which national (or regional) landslide databases contain
all this information, and thus allow QRA. Therefore this study makes a detailed review of
existing national landslide databases in Europe together with a number of regional databases
and proposes improvements for delineating areas at risk in agreement with the EU Soil
Thematic Strategy and its associated Proposal for a Soil Framework Directive, and for
achieving interoperability and harmonisation in agreement with INSPIRE Directive. This
report is based on the analysis of replies to a detailed questionnaire sent out to the competent
persons and organisations in each country, and a review of literature, websites and main
European legislation on the subject.

Note about contributors

The following organisations contributed to the work described in this deliverable:

Lead partner responsible for the deliverable:
Joint Research Centre (JRC)

Deliverable prepared by:
Miet Van Den Eeckhaut
Javier Hervas

Partner responsible for quality control:
Technical University of Catalonia (UPC)
Jordi Corominas

Grant Agreement No.: 226479 Page 2 of 109
SafeLand - FP7



2.3 Rev. No: 1

Overview of European landslide databases Date: 2011-08-08
CONTENTS
INEFOAUCTION ... 5
2 QUESLIONNAINE ....veeieeiece et 7
2.0 Introduction to the qUESHONNAITE .......cecveervierieeieeiieie e 7
2.1 Contact iINfOrMAatION .....eeeueieiieiieeiieeieeceeee ettt 7
2.2 Database availability.........cccceeieeiiiiiieiieeieeieeeeeeee e 7
2.3 General information of landslide database ...........cccccceeeiveiieeneeniennne 8
2.4 Content of landslide database ..........cccecceeeieriirciienieeieeeeeeee e 8
2.5 Format of landslide database ...........cccceevveverieniinieninieneeieceeeeee 8
2.6 Conditions to access and use of landslide database............ccccceeveruennee 8
2.7 Information related to INSPIRE ...........ccoooiiiiiiiiiieeee 8
2.8 Availability of other data for landslide hazard and risk assessment.....9
2.9 Additional information..........cocceeeeieiierienieeeee e 9
2,10 GLOSSATY ..ottt ettt ettt ettt e et e e e e e eneeens 9
3 Persons/organisations contacted..............ccccoevviieiie s, 10
RESUILS ... 11
4.1 Distribution of national and regional landslide databases in Europe.. 11
4.2 Analysis of national landslide databases............cccceeerverenierereennene 21
4.2.1 General infOrmation ...........coceverriereriieneeieneeeseeeseeee s 21
T 07071115, 1| USSP 25
4.2.3 Format and aCCESS .....ceerureruierieeiieieeieenteeieesieesieeeee e e e 34
4.2.4 INSPIRE Directive compliance ...........cccceeeeeereeeeceeeieenieneenne 36
4.2.5 Availability of ancillary data for landslide hazard and risk
I 111S) 1 L SOOI 36
4.3 Analysis of regional landslide databases ............cccecveeverieniencieennnne. 38
4.3.1 General information ...........cccceeeevreeiieseenienieeceeseee e 38
4.3.2 CONENL ..ottt 40
4.3.3 Format and QCCESS .......cceoveureieiruieiinininienieeieetesee et 46
4.3.4 INSPIRE Directive compliance ...........ccceevverveeereerieenreennnnnnn. 47
5 Policy-related suggestions for harmonisation and interoperability
..................................................................................................... 49
5.1 Proposed Soil Framework Directive..........ccccoeeieverienenieneneeiennns 49
5.2 INSPIRE Dir€CtiVe....cceeioieriieiieiieeieetteieeieeiee e eieesieesae e snee e 50
5.2.1 General information on INSPIRE ..........ccccoceiiniininiininnne. 50
5.2.2 Definition of interoperability in INSPIRE .............cccccoceenennn. 51
5.2.3 Data specifications for Natural Risk Zones and implications for
landslide databases..........coceereeriiiieeiieeeeeee e 53
Conclusions and recommendations.............ccccoovvrereinienennes 59
ACKNOWIEAGEMENTS.......ooiiiiii i 62
8  REFEIENCES ..o 63
Grant Agreement No.: 226479 Page 3 of 109

SafeLand - FP7



2.3 Rev. No: 1

Overview of European landslide databases Date: 2011-08-08
9 ANNnex A: QUESLIONNAITE .....ccecveiiiirieie e 65
10 Annex B: List of contact persons and organisations ............. 76
11 Annex C: llustrations of national landslide databases......... 83
L1, AIDANIA.......oiiiieiieeiieieeete ettt ettt e b e et e esseesbeesseeesseensaenns 84
11.2 ANAOTTA ..oouviieeiiceiieiie ettt ettt e ve e te et e e b e ebe e saessseenseesseennnas 85
T1.3 AUSHI . eeiiiieiiieeciie e eteeereeere e s e e ser e e s teeestseesstseesssaeessseessseeesesenans 86
11.4 Flanders (BelGIUm) ........cceeeveviiiiiieeiiieeiie et e e seeeesveeeeree s 87
11.5 Czech RePUDLIC .....ccocviiiiiieciie ettt s 89
T1.6 FLanCe.....oeiiieeiiiieeiiie ettt ettt e e e ettt e e e s iar e e e eeraeeeessaaeeeennns 93
T1.7 GeIMANY ...ttt ettt ettt e et e st e e saeee e 94
T1.8 GICECE ..uvviiiieiiiee ettt ettt ettt e ettt e e et e e ettt e e e s eaaeeeearaeeeeansaaeaeennns 97
11,9 Ireland .....c.oooouieieiiiieiie et ettt et e 98
L1100 THALY oottt ettt e 99
O O B A 7 PR 102
L1120 SPAIN ettt et sttt 104
11.13  United Kingdom .........ccoecvieviieiiiiiieieeseeeeeete e eve e see e ens 107
Project No.: 226479 Page 4 of 109

SafelLand



23 Rev. No: 1
Overview of European landslide databases Date: 2011-08-08

1 INTRODUCTION

Landslide databases, or digital landslide inventories, constitute a detailed register of the
distribution and characteristics of past landslides (Hervas, in press). Landslide databases are a
key infrastructure for landslide susceptibility, hazard and risk assessment and management, as
well as for disaster emergency management. For risk assessment, four types of data layers are
required: landslide inventory data, geo-environmental factors, triggering factors, and elements
at risk. Of these, the landslide database storing attributes allocated to individual landslides
(Dikau et al., 1996) is the most important.

The production of landslide databases is a tedious procedure. In contrast to other natural
hazards (e.g. floods, earthquakes) which affect large areas, landslides are generally isolated,
localised features which individually may not be very large in size but which can occur with a
high frequency in a region. They have to be mapped and described one by one, and each one
may have different characteristics.

It is relatively well known that in Europe many countries have or are creating national and/or
regional landslide databases. Yet, up to now only few attempts have been made to obtain an
overview of such databases (Dikau et al., 1996; EEA, 2010). Dikau et al. (1996), however,
only presented the situation in seven European countries as it was in the mid 1990s. An
update was urgently needed, because during the last 15 years important changes have taken
place. First, computer hardware and software have evolved considerably. Now it is easier to
create relational databases, i.e. to link spatial and alphanumerical data. Hence, an evolution of
paper document archives consisting of inventory maps and separate data sheets for each
landslide to digital, relational landslide databases was expected. Secondly, new European
legislation has emerged with the EU Soil Thematic Strategy and its associated Proposal for a
Soil Framework Directive (EC, 2006a,b) and with INSPIRE, the European Directive
establishing an Infrastructure for Spatial Information in the European Community (EC,
2007a).

To have a more up to date overview of national landslide inventories in Europe, Italy’s
Institute for Environmental Protection and Research (ISPRA) carried out a short enquiry
consisting of eleven questions regarding landslide inventory maps with the support of the
Association of Geological Surveys of Europe (EuroGeoSurveys) in 2009 (EEA, 2010). The
main findings of this survey were that many European countries currently have a national
landslide inventory map, but that they are highly variable with regard to resolution and level
of information. The inventories were also not always available to the public.

The EU-FP7 SafeLand project focuses on the different topics related to quantitative landslide
risk assessment (QRA) at local to national scales. As mentioned before, landslide databases,
including not only inventory maps but also linked attribute data, are the most important input
in landslide risk assessment. However, to allow quantitative landslide hazard and risk
assessment they should contain information on the location of landslide phenomena, the types,
date or frequency of occurrence, state of activity, magnitude or size, failure mechanisms,
causal factors and the damage caused (Fell et al., 2008). Yet, it is not well known which
national (or regional) landslide databases contain all this information, and thus allow QRA.
Therefore the objectives of this study are to make a detailed review of existing national
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landslide databases in Europe and to propose improvements for delineating areas at risk in
agreement with the EU Soil Thematic Strategy and its associated Proposal for a Soil
Framework Directive, and for achieving interoperability and harmonisation in agreement with
the INSPIRE Directive. To meet these objectives a detailed questionnaire was created and
sent out to the competent persons in each European country, and a review of literature,
websites and main European legislation on the subject was carried out. The analysis of the
replies to the questionnaire and the above mentioned documentation is the basis of this report.
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2 QUESTIONNAIRE

For analysing national and regional landslide databases in Europe, a comprehensive
questionnaire was created. Inspiration was taken from previous and published questionnaires
on landslide inventories (Di Mauro et al., 2003; Dikau et al., 2006; RAMSOIL, 2007-2008;
Schweigl and Hervas, 2009). We also checked the content of some publically available
landslide databases both in Europe and outside Europe to make our enquiry as complete as
possible. For the questions related to INSPIRE, the competent persons were contacted (see
section 2.7 and 5.2).

Before sending out the questionnaire, it was reviewed for completeness and clearness by Prof.
J. Corominas (UPC), the leader of SafeLand’s Work Package 2.1 and Dr. J.P. Malet (CNRS).
The latter reviewer filled-in the questionnaire on the national landslide database of France and
estimated the time needed to answer the questions to be about one hour.

The final questionnaire consists of 10 sections which are preceded by a short introduction
providing background information to the persons contacted. More details can be found in the
next paragraphs.

This section contains only information on the structure of the questionnaire. The
questionnaire itself can be found in Annex A.

2.0 INTRODUCTION TO THE QUESTIONNAIRE

The first page of the questionnaire provides general information on the Safel.and project and
more specific information on this study on landslide databases in Europe. We also briefly
explain by whom persons can receive this questionnaire (by a SafeLand project partner in
their country or directly by JRC) and what we would like them to do with it. The latter could
be either to distribute the questionnaire to the competent person in their country or to fill it in
themselves. At the end of this introduction we provide the address to which contacted persons
can directly send the completed questionnaire.

21 CONTACT INFORMATION

The first part of the actual questionnaire deals with contact information of the institute and the
person responsible for the landslide database.

2.2 DATABASE AVAILABILITY

The second part of the questionnaire collects information on the type of landslide database
that is available or in preparation. Priority was given to national landslide databases.
However, for countries for which no national inventory was available, attempts were made to
collect information on regional landslide databases. Additional information on regional
landslide databases was also collected for some countries which have a national database. In
this case the regional databases are generally official documents as for example the databases
used by the local Italian Basin Authorities.

Grant Agreement No.: 226479 Page 7 of 109
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2.3  GENERAL INFORMATION OF LANDSLIDE DATABASE

The third part of the questionnaire contains general information on the landslide database.
Questions deal with the area covered by the database (i.e. whole country or region), the
language used, the date of first creation, the recurrence time for updating, the time period of
landslide events covered (e.g. all landslides from pre-Holocene to 2010 or landslides reported
in historical documents after 1950), and the presence of other natural hazards (e.g. floods,
snow avalanches) in the database. It further contains questions on the actual number of
recorded landslides, the proportion of the country affected and the estimated completeness
(i.e. percentage of existing landslides that are currently included in the database). Throughout
the questionnaire four possible classes are suggested in case of questions related to the
completeness of a certain feature in the database, i.e. <25%, 25-50%, 50-75%, >75%. A final
question deals with the use of the landslide database for susceptibility, hazard or risk
assessment by the institute responsible for the maintenance of the database or by another
institute.

24  CONTENT OF LANDSLIDE DATABASE

The most comprehensive section of the questionnaire deals with questions related to the
content of the landslide database. It contains for example questions related to the landslide
inventory map (scale, reference coordinate system, representation of the landslides, mapping
techniques, etc.), the landslide location, the landslide types, the type of landslide dimensions
provided, the availability of triggering factors, landslide date/history and activity, and
information on consequences.

2.5 FORMAT OF LANDSLIDE DATABASE

As the evolution in computer systems has allowed transition from document repository
(including maps) to digital, relational databases, the fifth part of the questionnaire collects
information on the format of the spatial and alphanumeric database and the software platform
used. To use the collected landslide information for landslide zoning, the availability of
digital landslide data is a prerequisite.

26  CONDITIONS TO ACCESS AND USE OF LANDSLIDE DATABASE

Interoperability of landslide databases would allow production of cross-boundary landslide
susceptibility, hazard and risk assessments, and eventually, creation of a harmonised
European landslide database. Therefore section 6 collects information on the access and use
constraints of the landslide database.

2.7 INFORMATION RELATED TO INSPIRE

INSPIRE is an EU directive to establish an infrastructure for spatial information in Europe
that will help to make spatial or geographical information more accessible and interoperable
for a wide range of purposes supporting sustainable development (see section 5.2 and
http://inspire.jrc.ec.europa.eu for more information). In the beginning of November 2009, a
Call for Expression of Interest for participation in the development of INSPIRE data
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specifications for Anmnex II & Il  Data  Themes was  launched
(http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2). One of the Annex III Data Themes
considers ‘“Natural risk zones”, among which landslides. Hence, in the near future
implementing rules laying down technical arrangements for interoperability and
harmonisation of landslide databases will be developed. So far, only questions related to the
implementation of the metadata regulations and network services could be asked. Apart from
that, also the willingness of the institutes to collaborate to the development of the INSPIRE
regulation is verified.

2.8  AVAILABILITY OF OTHER DATA FOR LANDSLIDE HAZARD AND RISK
ASSESSMENT

As mentioned in the introduction, the landslide database is only one of the four types of data
layers needed for landslide risk assessment. The other three are data layers related to
controlling and triggering factors, and elements at risk. In section 8 of the questionnaire, the
availability of these layers is investigated. With regard to the controlling factors, we more
specifically survey the presence of digital elevation models, and lithology, soil, land cover
and land use maps. For climate and seismicity, we respectively check the presence of
precipitation and temperature and of magnitude, intensity or peak ground acceleration. Data
on elements at risk include data on population, buildings, engineering works, economic
activities, public services utilities, infrastructure and environmental features.

Contact persons are asked to provide the official name, full reference, publication date and
map scale or resolution of the available datasets.

29 ADDITIONAL INFORMATION

At the end of the questionnaire the responsible of the landslide database was asked to provide
an example of a database sheet and an excerpt of the landslide inventory map. Also additional
information such as scientific publications could be provided. If necessary, the responsible
could also provide additional information that according to his/her experience was necessary
for our interpretation of the landslide database.

2.10 GLOSSARY

Taking into account that currently not all nations are using the same landslide terminology, a
short glossary adopted in SafelLand was provided as an annex to the questionnaire (see Annex
A).
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3 PERSONS/ORGANISATIONS CONTACTED

The competent persons in the organisations responsible for national or regional landslide
databases in EU member states, EU candidate and potential candidate countries as well as in
EFTA countries could receive the questionnaire in two ways. For countries represented in
SafelLand’s Area 2 (quantitative risk assessment), a project partner was contacted and asked to
distribute the questionnaire to the competent person in his/her country or in a neighbouring
country he/she collaborates with (e.g. project partners in Norway were asked to contact
institutes in Sweden, Finland and Denmark). In case contacted persons did not speak English,
project partners were asked to help them filling in the questionnaire or to translate the
questionnaire. In some cases the contacted project partner himself was able to complete the
questionnaire (e.g. France). For the remaining countries, JRC directly contacted national and
regional Geological Surveys, universities or other institutes.

In total JRC sent the questionnaire to 11 project partners, who in turn forwarded it to 20
persons responsible for a national or regional questionnaire. Additionally, JRC sent out the
questionnaire to 32 persons (Fig. 3.1). Generally the competent persons worked at the
Geological Survey or in a university or research institute. In some countries, finding out the
competent organisation involved a long, iterative contacting process. A literature and website
research also helped on this task.

The filled-in questionnaires were returned to JRC by SafeLand project members or directly by
the responsible of the database. All data was collected and checked for completeness. In a
second phase, some contact persons were requested to clarify certain answers or to provide
complementary information.

O SafeLand partners contacted by JRC

@ Persons contacted by SafelLand partner
W Persons contacted by JRC

Figure 3.1: Persons contacted for distributing or filling in the questionnaire on national and regional landslide
databases in Europe.
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4 RESULTS

4.1 DISTRIBUTION OF NATIONAL AND REGIONAL LANDSLIDE
DATABASES IN EUROPE

Thirty-three out of 37 European countries contacted replied to our survey. Moreover, for
some of the countries that did not respond to our request, we probably did not find the
competent persons although several attempts were made. Twenty-two out of 37 countries
currently have or are constructing a national landslide database (Fig. 4.1; Table 4.1).
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Figure 4.1: Distribution of national landslide databases in EU countries, EU official candidate and potential
candidate countries and EFTA countries, and regional databases in countries where no national database exists.
We refer to Figure 4.2 for location of the regional databases.

Grant Agreement No.: 226479 Page 11 of 109
SafeLand - FP7



23 Rev. No: 1
Overview of European landslide databases Date: 2011-08-08

For six other countries (Belgium, Croatia, Estonia, Germany, Romania, Serbia) only
information on regional landslide databases was available (Table 4.2; Fig 4.1 and 4.2). This
can be due to the fact that the construction of a landslide database is a regional responsibility
(e.g. Germany with regional databases for Bavaria, Rheinland-Pfalz and Saxony and Belgium
with a regional database for Flanders) or that landslide databases are only constructed for the
regions that are most affected by landslides (e.g. Estonia). Information on regional landslide
databases was also obtained from four countries with a national database. For Austria and
Portugal, we received information of one database. For Spain, we received information for
two databases. For Italy, information of eight databases of which seven maintained by river
basin authorities was collected (Fig. 4.2). Finally, five countries reported that they currently
do not have a landslide database (Fig. 4.1). In total, the databases contain more than 636,000
landslides, of which about two thirds are located in Italy, but also Austria, Czech Republic,
France, Norway, Slovakia, and UK have more than 10,000 landslides in their database (Table
4.3).
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Figure 4.2: Distribution of regional landslide databases in EU countries, EU official candidate and potential
candidate countries, and EFTA countries surveyed in this study.
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Important to note is that not all countries have decided to create a landslide database that is as
complete as possible. The database of Switzerland, for example, contains only the 317 most
relevant landslide events, and the Swedish Natural Hazards Information System contains only
detailed landslide information of the 17 most severe landslides. This information system not
only contains landslides but is a general natural hazard database that has not the goal to
encompass all landslides, storms, floods, etc., that have ever occurred in Sweden. The
database focuses on those events of which lessons can be learnt with regard to management.
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Table 4.1: Overview of landslide-related national databases in Europe”: name, owner and weblink of database. Countries for which only regional landslide databases

are available are not included as they are separately listed in Table 4.2.

(Dept.: Department; Inst.: Institute; Min.: Ministry; Univ.: University; n.a.: reported that database was not available; /: no response)

Country Database name Owner (not necessarily producer)  Weblink

Albania Landslide database Albanian Geological Survey n.a.

Andorra Natural hazard database of Andorra** Andorran Research Inst. (IAE) http://www.cenma.ad/mbaseriscos.htm

Andorra Terrain zonation according to Andorran Government http://www.ideandorra.ad/geoportal/framesetup.asp
geological-geotechnical problems

Austria GEORIOS Geological Survey of Austria (GBA)  http://geomap.geolba.ac.at/MASS/index.cfm

Bosnia and Herzegovina
Bulgaria

Cyprus
Czech Republic

Denmark
Finland
Former Yugoslav Rep. of

Macedonia
France
Greece

Hungary

Iceland

The engineering-geology map
Federation of Bosnia and Herzegovina

Map of landslides
(no real specific name)

n.a.
National Landslide Register

n.a.
n.a.
Landslide Cadastre

National Database of Ground
Movements (BDMvT)

Geodatabase . G.M.E./ eng_geol/
ground_failures

National Landslides Cadastre

OLI

Federal Geology Survey

Min. of Regional Development and
Public Works

n.a.
Czech Geological Survey

n.a.
n.a.

Min. of Economy, sector for mineral
resources

French Geological Survey (BRGM)

Inst. of Geology and Mineral
Exploration (IGME)

Hungarian Office for Mining and
Geology

Icelandic Meteorological Office
(IMO) and Icelandic Inst. of Natural
History (IINH)

" EU countries, EU official candidate and potential candidate countries (except Turkey), and EFTA countries

n.a.

n.a.
http://www.geology.cz/app/dbsesuvy (intranet; not
publically accessible)

n.a.

n.a.

n.a.

http://www.bdmvt.net
http://maps.igme.gr/website_ext/igme master ext/vi
ewer.htm?ln=en

n.a.

n.a., weblink will be available in the future
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Ireland
Italy

Latvia
Lithuania
Luxembourg
Malta
Montenegro
Netherlands
Norway

Poland
Portugal

Slovakia

Slovenia
Spain

Sweden

Sweden
Switzerland

United Kingdom

National Landslide Database
IFFI Project

~ ~ ~

/

n.a.

n.a.

National Landslide Database

SOPO
Disaster database

Landslide Register

GIS_UJME (part of larger database)

Spanish Database of Geological
Hazards

Swedish Natural Hazards Information
System

SGI Landslide Database

InfoSlide

National Landslide Database

Geological Survey of Ireland

Inst. for Environmental Protection
and Research (ISPRA)

/

/

/

/

n.a.

n.a.

Geological Survey of Norway
(NGU)

Polish Geological Inst.

Centre of Geographical Studies,
Univ. of Lisbon

Geological Survey of the Slovak
Republic (SGUDS)

Min. of Defence

Geological and Mining Institute of
Spain (IGME)

Swedish Civil Contingencies Agency

Swedish Geotechnical Inst. (SGI)

Federal Environmental Office
(OFEV)
British Geological Survey (BGS)

http://www.gsi.ie/mapping.htm
http://www.sinanet.apat.it/progettoiffi

~ ~ ~

/
n.a.
n.a.

www.skrednett.no

n.a.
n.a

n.a., weblink will be available in the future

n.a.

n.a.
http://ndb.msb.se/Default.aspx?I=EN

n.a.

n.a.

n.a.

** Not included in the overview of national landslide databases as it is not really a landslide database but rather a landslide hazard map with additional information of

some individual landslides
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Table 4.2: Overview of the regional databases included in the overview: name, owner and weblink of database.
(Dept.: Department; Inst.: Institute; Min.: Ministry; Univ.: University; n.a.: informed that database was not available; /: no response; P.A.l. Piano stralcio di bacino
per I’ Assetto Idrogeologico: plan regulating the more urgent aspects of the hydrogeological structure; ADB, Autorita di Bacino: River Basin Authority)

Country (Region) Database name Owner (not necessarily producer)  Weblink
Austria (Carinthia) Landslide Event Cadastre Geology and Soil Dept., Carinthian n.a.
Provincial Government
Belgium Mapped landslides in Flanders Dept. of Environment, Nature and http://dov.vlaanderen.be
(Flanders) Energy, Flemish Government
Croatia (Urbanized areas ~ Landslide register Croatian Geological Survey n.a.
around Zagreb)
Estonia (Pérnu town) Landslides near Pérnu town Univ. of Tartu, Dept. of Geology n.a.
Germany Landslide Database of Saxony Saxon State office for Environment,  http:/www.umwelt.sachsen.de/umwelt/geologie/960
(Saxony) Agriculture and Geology (LfLUG) 5.htm (only information on the database)
Germany (Bavaria) GEORISK Environment Agency (LfU) www.bis.bayern.de
Germany (Baden- In progress, questionnaire was not Freiburg Regional Council, Regional n.a.
Wiirttemberg) filled in for this reason Office for Geology, Raw materials
and mining
Germany (Rheinland- Not specified yet Regional Office for Geology, Raw n.a
Pfalz) materials and mining
Italy (Northern Italy) Alpine Inventory of Deep-Seated Univ. of Milano-Bicocca n.a.
Gravitational Slope Deformations
Italy (Arno River Basin, Landslide inventory of the Arno river Dept. of Earth Sciences, Univ. Of http://www.adbarno.it

Northern Apennines)

Italy (Campania, ADB
Sarno, Provinces of
Avellino and Salerno)

Italy (Campania, ADB
Sarno, Province of
Napoli)

Italy (Basin of Liri-

basin
P.A.I of Provinces of Avellino and
Salerno

P.A.T of Province of Naples

Landslide inventory

Florence and Arno River Basin
Authority
Sarno River Basin Authority

Sarno River Basin Authority

National Basin Authority of Liri-

http://www.autoritabacinosarno.it/default.asp ;
http://www.autoritabacinosarno.it/asp/pianostralcio/p
iantina.asp

http://www.autoritabacinosarno.it/default.asp ;
http://www.autoritabacinosarno.it/asp/pianostralcio/p
iantina.asp

http://www?2.autoritadibacino.it
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Grarigliano and Volturno
Rivers)

Italy (Parts of Basilicata,
Puglia and Calabria)
Italy (Apulian Basin
Authority territory)

Portugal (North of
Lisbon)

Romania (Prahova, Arges,
Dambovita, Valcea,
Buzau County)

Serbia (Belgrade,
Kragujevac)

Serbia (Belgrade area)

Spain (Catalonia and
Andorra)

Spain (Sierra Nevada,
Granada)

P.A.lL of AdB Basilicata

1. P.A.L of Puglia/

2. Hydrogeomorphological map of
Puglia

3. Landslide Database of Puglia
North of Lisbon Landslides

Landslide inventory

Cadastre of landslides and unstable
slopes on the territory of Serbia
BEOSlide

LLISCAT

Landslides database of the Southern
Slopes of Sierra Nevada, Granada

Garigliano and Volturno rivers

National Basin Authority of
Basilicata

Apulian Basin Authority

Centre of Geographical Studies

Geological Inst. of Romania (GIR)

Min. of Environment and Spatial
Planning

Belgrade Land Development Public
Agency, Univ. of Belgrade
Technical Univ. of Catalonia (UPC)

Univ. of Granada

http://www.adb.basilicata.it/adb/risorseidriche.asp ;

www.pcn.minambiente.it
www.adb.puglia.it ; www.sit.puglia.it

n.a.

n.a.

n.a.
http://www lliscat.upc.es

n.a.
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Table: 4.3: Overview of landslide databases in Europe” showing number of landslides included and estimated
completeness. Note that the table does not provide a complete overview of all regional landslide databases. (NA:
not available; NR: no response; ADB, Autorita di Bacino: River Basin Authority)

Country: Region

Landslide database

Nation Region NA NR Number of Complete-
Landslides (1) ness
Albania 1 210 <25%
Andorra 2 274
Austria 1 25000 25 - 50%
Austria: Carinthia 1 1000 >75%
Belgium: Flanders 1 291 25-50%
Bosnia and Herzegovina 1 1500 25 - 50%
Bulgaria 1 1107 <25%
Croatia 1 1540 50-75%
Cyprus 1
Czech Republic 1 14178 25 -50%
Denmark 1
Estonia: Parnu town 1 28 >75%
Finland 1
Former Yugoslav Rep. of Macedonia 1 150 50-75%
France 1 10000 >75%
Germany: Saxony 1 310 <25%
Germany: Bavarian Alps 1 4236 <25%
Germany: Rheinland-Pfalz 1 1800 >75%
Germany: Baden-Wiirttemberg (2) 1
Greece 1 2200 25-50%
Hungary 1 400 50-75%
Iceland 1 5000 <25%
Ireland 1 422 25 -50%
Italy 1 485004 >75%
Italy: Northern Italy 1 2216 >75%
Italy: Arno River Basin 1 27500 >75%
Italy: Campania, ADB Sarno, 1 3734 >75%
Provinces of Avellino and Salerno
Italy: Campania, ADB Sarno, 1 465 >75%
Province of Naples
Italy: Basin of Liri-Grarigliano and 1 32247 >75%
Volturno Rivers
Italy: Parts of Basilicata, Apulia 1 17233 25 -50%
and Calabria
Italy: Apulian Basin Authority 1 1476 >75%
territory
Italy: Apulia Region 1 1614 >75%

Latvia

" EU countries, EU official candidate and potential candidate countries (except Turkey), and EFTA countries
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Lithuania 1

Luxembourg 1

Malta 1

Montenegro 1

Netherlands 1

Norway 1 31500 (3) <25%

Poland 1 1000 <25%

Portugal 1 163 <25%
Portugal: Region north of Lisbon 1 2500 <25%

Romania: Prahova, Arges, 1 >2000 50-75%

Dambovita, Valcea, Buzau County

Serbia: Belgrade, Kragujevac 1 1160 <25%
Serbia: Belgrade 1 110 50-75%

Slovakia 1 21190 >75%

Slovenia 1 6602 25 - 50%

Spain 1 900 <25%
Spain: Catalonia and Andorra 1 400 <25%
Spain: Sierra Nevada, Granada 1 500 >75%

Sweden 2 416 50-75%

Switzerland 1 317 <25%

United Kingdom 1 15210

Total 24 22 5 4 636445(4)

(1) Situation spring 2010

(2) Under construction

(3) Including snow avalanches

(4) For countries for which both information on national and regional landslide databases was collected only the number of
landslides in the national landslide database is accounted here.

It might be interesting to note that the map shown in Figure 4.1 is somehow different from the
map published by EEA (2010). First, the map in Figure 4.1 additionally shows countries not
having a nation-wide database but having regional databases. Actually, the map by EEA
(2010) incorrectly shows the presence of national scale landslide inventories in Belgium and
Romania. For Belgium, a landslide database is only available for Flanders and not for
Wallonia. For Romania, information on landslides that have caused damage should be
gathered as paper sheets in archives by regional (county level) authorities. The available
information is currently quite heterogeneous and needs ordering (in time and place) before it
can be transformed in a landslide database. Second, EEA (2010) reported the existence of
national landslide databases in Finland and Luxembourg. For Finland, several contacted
experts informed us that no database is available. There is only a report on landslides in the
country made by the Finnish Environment Institute (Ollila, 2002), which contains an
overview of known landslides in the country. Third, we obtained filled in questionnaires for
two national landslide databases in Sweden and one in Portugal while EEA (2010) reported
the absence of a database in these countries.

Figure 4.3 provides information on the date of the first creation of the landslide databases.
Older dates in the figure correspond to the creation of paper document archives consisting of
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inventory maps and separate data sheets. For some databases we received information on the
first creation and on the transition of the paper archive into a digital database. For Bulgaria,
Austria and Czech Republic, for example, already in 1963, 1965 and 1997 a paper document
archive was constructed, and from 1999, 2001 and 2007 these archives were transformed into
digital ones. France is one of the first countries that started with the creation of a digital
landslide database. From 1994 the French Geological Survey (BRGM) together with
Laboratoire Central des Ponts et Chaussées (LCPC), Institut National de I’Environnement et
des Risques (INERIS) and Service de la Restauration des Terrains en Montagne (RTM)
started creation of a ground movements spatial database of France called BDMvt (Table 4.1),
initially combining existing landslide databases, among which ZERMOS (Zones Exposées a
des Risques aux Mouvements du Sol et du sous-sol; BRGM). The latter was created in the
1970s and included both landslide susceptibility zonation and landslide outlines.
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Figure 4.3: Date of first creation of the landslide databases. If dates for creation of paper archives and digital
databases were provided, the latter are shown in the graph. The older dates in the graph refer to landslide
databases for which only the creation date of the paper archive was provided.

Grant Agreement No.: 226479 Page 20 of 109
SafeLand - FP7



23 Rev. No: 1
Overview of European landslide databases Date: 2011-08-08

4.2  ANALYSIS OF NATIONAL LANDSLIDE DATABASES

In this section the national landslide databases are discussed. It was decided to exclude the
“Terrain zonation according to geological-geotechnical problems” map of Andorra as this is
not really a landslide database but a landslide hazard map with additional information of some
individual landslides (Table 4.1). For Sweden, we received information of two different
national landslide databases. Therefore, this overview contains 23 national databases of 22
different EU countries, EU official candidate and potential candidate countries, and EFTA
countries.

4.2.1 General information

The national databases discussed in this section are generally official documents, but most of
them are not regulatory (Fig. 4.4). They are mainly produced for use within the country, so
that almost all databases are only available in the official language of the country. Exceptions
are Austria, Greece, Italy and Sweden, which provide at least part of the landslide information
in English (Fig. 4.5, 4.6).

Thirteen of the 23 databases contain other natural hazards than landslides. These include
earthquakes, floods, extreme precipitation, extreme temperatures, snow avalanches, storms,
coastal erosion, subsidence and sinkholes.
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o
<
3
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Yes, regulatory Yes, but not regulatory No
Official document?
Figure 4.4: Legal value of the national landslide databases.
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Massenbewequngen - Mass Movements

Wihlen Sie eine Sprache - Select a language

Geologische Bundesanstalt
Gealogical Survey af Austria

Figure 4.5: On the web interface of the published national landslide database of Austria, one can choose
between German and English (http://geomap.geolba.ac.at/MASS/index.cfm; March, 2011).
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Figure 4.6: On the web interface of the national landslide database of Swéden, the information of thé limited
number of reported landslide events can be consulted in English (http://ndb.msb.se/Default.aspx?I=EN; March,
2011).
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The collection of landslide information at the national and regional scales is an elaborate task.
Although most countries try to include as many landslides as possible, the completeness of
most of the databases is estimated lower than 50% of all landslides that have ever occurred in
the country (Fig. 4.7, 4.8). Databases of France, Italy and Slovakia are estimated to be most
complete.
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Figure 4.7: Estimated completeness of national (n=23) landslide databases in Europe.
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Figure 4.8: Estimate of the completeness of national landslide databases.

The completeness of a database might be related to its objectives, the time span of landslide
events covered, and the methodology (see further) and resources employed. There is a large
variability among the countries with databases including landslides with pre-Holocene origin
to databases including only the landslides that occurred after 2000 (Table 4.4).

Table 4.4: Oldest landslides included in national landslide databases (AC: after Christ).

Period Number of databases

Pre-Holocene — 1000 AC
1000 — 1800 AC

1800 — 1900 AC

1900 — 1950 AC

1950 -2010 AC

No information

N ook~ OANDN

Figure 4.3 showed the creation date of all the national and regional landslide databases. More
important than the creation date is the updating of the databases (Fig. 4.9). For only four out
of 23 national landslide databases no updating of the database is foreseen. However, for some
of these countries this might change if updating appears to be necessary. The other databases
are generally updated at least once a year or after a major event.

N

Not updated After major Every year <6 months Other
event mlormallon

Number of databases

Recurrence for updating

Figure 4.9: Update frequency of the national landslide databases (n = 23).
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4.2.2 Content

4.2.2.1 Landslide inventory map

The landslide inventory map is one of the most important parts of a landslide database.
Detailed landslide locations are for example necessary for production of landslide
susceptibility and other zoning maps and for civil engineering works. Andorra, Spain and
Switzerland do not have a landslide inventory map. However, the latter two countries have the
landslides coordinates so it should be possible to produce a landslide map in the future.
Although most national inventory maps are available in digital form (allowing zooming in and
out; see further), the maps were generally created at a certain scale. Landslide inventory maps
were created at a scale between 1:10,000 and 1:500,000 with six maps created at a scale of
1:10,000 (Fig. 4.10). With regard to the reference coordinate system used, generally a local
coordinate system was used.

Ten of the persons that filled in the questionnaire responded that the database contained
information on the spatial accuracy. However, only five of them provided extra information.
For Albania, Ireland and UK accuracy is expressed in m. Where possible this is also the case
for Norway, while otherwise the accuracy in this database is specified as certain or uncertain.
France has three accuracy levels: the municipality, the local site or the exact location.
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Figure 4.10: Scale of national landslide inventory maps (* some of the landslide inventory maps were created at
smaller scale in some parts of the country).

Landslides are represented as points (50%) or as a combination of points, lines and polygons
(50%; Fig. 4.11, 4.12, 4.13). Apart from the location on a map, also the alphanumeric part of
the database contains information of the landslide location (Table 4.5). Most often these are
the coordinates (82.6%) and municipality (73.9%). The database of Sweden also provides the
local name given on the topographical map. Norway reports the address where the damage
was reported and Slovakia the regional geomorphic and regional engineering geological
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division. For landslides affecting roads, Slovenia indicates the location using the kilometer
indication along the road.

Table 4.5: Specific information on landslide location provided in the national landslide databases.

Landslide locator Number %
Coordinates 19 82.6
Municipality 17 73.9
Province/county 12 52.2
Other 7 30.4
o 12
£ 10 1
% 0]
4
2
E 2
E 0 I T - T T ] T
Points Line Closed  Combination Other
polygon of points,
lines and
polygons
Landslide representation on map

Figure 4.11: Symbol used to map landslide locations in national landslide databases.
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Figure 4.12: Landslides are represented as points on the landslide inventory map of Iceland (lcelandic
Meteorological Office).
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Landslide locations are generally obtained through a combination of different techniques (Fig
4.14). Most commonly used are field surveys (16 or 70% of the databases), historical
documents (17 or 74% of the databases) and aerial photograph analysis (9 or 39% of the
databases). Airborne (other than aerial photographs) and satellite remote sensing are only
occasionally used. Alternative methods for obtaining landslide locations are collecting local
and regional inventories (Italy and Austria) or observations by road authorities and railroad
companies (Norway), or geotechnical studies (Czech Republic).
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Figure 4.14: Techniques used to collect landslide locations.
* Other than aerial photographs and LiDAR

4.2.2.2 Landslide classification

A landslide database should include information on the type of landslides reported. Twenty of
the 23 landslide databases provide this information (e.g. Fig. 4.15). This information is for
example necessary for creation of separate susceptibility and hazard maps for different
landslide types. Information on landslide type is not available in the two databases of Sweden
and the one of Portugal. However, different classification systems and number of landslide
types are reported in the national databases, thus posing constraints for harmonisation of
European-wide policy making and legislation on landslides. With regard to the classification
system, 14 countries or regions use a system that is similar to the one suggested by Cruden
and Varnes (1996). The seven other countries use a local classification system.

The number of landslide classes ranges from three to five. These are mainly types included in
the Varnes (1978) or Cruden and Varnes (1996) classification (rock fall, translational and
rotational slides, flows and complex slides). Italy (n=12), Slovenia (n=15) and Greece (n=24)
are exceptions. The database of Italy contains 12 types, i.e. fall, topple, rotational slide,
translational slide, lateral spread, slow earth flow, rapid debris flow, sinkhole, complex
landslide, deep-seated gravitational slope deformation, area affected by numerous
rockfalls/topples, area affected by numerous sinkholes, and area affected by numerous
shallow landslides.

The landslide database of Greece is really remarkable as it distinguishes between 24 classes
(translational (sheet), earth flow, mud flow, debris flow, sand liquefaction, sand outwash,
sagging of strata, scree, creep, soil topples, soil falls, subaqueous slides, rotational, squeezing
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of soft rocks, block slides, lateral spreads, planar, wedge, rock topples, rock falls, composite,
failure controlled by two surfaces in rocks, sliding and toppling in rocks, failures and
inductive stresses in rocks, and block sliding on composite surfaces in rocks).
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Figure 4.15: Representation of different landslide types in IFFI landslide database (Italy; Trigila et al., 2010).

4.2.2.3 Landslide dimensions

Information on the dimensions of existing landslides is important for the production of
landslide hazard maps as for this information on the possible magnitude of the landslide is
needed. Landslide magnitude has been represented by the displaced volume or affected area
(e.g. Malamud et al., 2004; Van Den Eeckhaut et al., 2007). Calculation of the angle of reach,
needed for runout modelling, requires information on height and length of the landslide
(Corominas, 1996). These two examples show that landslide dimensions should be included
in a landslide database.

Figure 4.16 illustrating the landslide morphological characteristics stored in the database
shows that almost all databases contain information on the landslide length and width and on
the area affected by the landslide. As landslide volume is more difficult to assess than the
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affected area, the number of databases containing this information is somewhat lower. The
latter databases generally also contain information on the depth of the surface of rupture.
Other information included is the height of the top and the toe.

Landslide databases of Bosnia and Herzegovina, France, Iceland and Poland include all seven
morphological characteristics listed in the questionnaire. Hungary, Italy, Former Yugoslav
Republic of Macedonia and Spain include six of them. Of course, these characteristics are not
always available for all landslides in the database. On the other side of the ranking, there are
the databases of Portugal including no information on morphological characteristics and of
Andorra reporting only the area affected by the landslide. Other countries reporting only two
of the morphological characteristics in the landslide database are Norway (displaced volume
and height) and UK (length and width).

25
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Other

Height (from top to toe)
Depth of surface of rupture

Landslide dimension

Figure 4.16: Morphological characteristics of landslides reported in national landslide databases (total number
of databases=23).

4.2.2.4 Geo-environmental characteristics at landslide site

Most landslide databases contain additional information on the geo-environmental
characteristics at the landslide site, especially on lithology, hydrogeology and slope gradient
(Fig. 4.17). About half of the databases also provide information on the orientation of the
slope and the land use on the affected site.
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Bosnia and Herzegovina, Iceland, and UK include all six geo-environmental characteristics
listed in the questionnaire in their database. Five of the characteristics are reported in the
databases of Greece, Ireland, Italy, Poland and Slovakia. Of course, these characteristics are
not always available for all landslides in the database. The landslide databases of Andorra and
Portugal did not contain any of the characteristics.

Specific geo-environmental characteristics of the landslide site are important for local
landslide hazard and risk studies. For national and regional analysis, the information can also
be derived from e.g. DEMs and geological and land use maps.

20
18 -
16 1

Number of databases

Lithology
Hydrogeology
Land use
Slope gradient
Slope aspect
Slope curvature

Geo-environmental characteristics

Figure 4.17: Geo-environmental characteristics at the landslide site reported in national landslide databases
(total number of databases=23).

4.2.2.5 Landslide history and activity

Landslide history is important as it provides an idea of the temporal frequency of landsliding.
If the date of the landslide event is known, analysis of rainfall and earthquake records may
also allow determining possible landslide triggers (see section 4.2.2.6). Twenty-two out of 23
landslide databases include information on the initiation or reactivation date (i.e. history) of
the landslide for the landslides for which this information is known, but for two no further
information was provided. Seven databases only provide the date of the first occurrence of the
landslide, while the other 13 databases provide information on the initiation and (eventual)
reactivation dates. The percentage of the landslides in the database for which the date of
initiation or reactivation is available, however, is generally smaller than 25% (Fig. 4.18). The
objective of the database, however, largely influences this percentage. One of the databases of

Grant Agreement No.: 226479 Page 31 of 109
SafeLand - FP7



23 Rev. No: 1
Overview of European landslide databases Date: 2011-08-08

Sweden, for example, contains only landslides collected from historical documents.
Therefore, this database contains information on the history for more than 75% of the
landslides. Databases that are, on the other hand, constructed through analysis of one (or a
few) set(s) of aerial photographs generally have little information on landslide history.

About half of the landslide databases (n=13) also contain a qualitative estimate of the activity
of the landslides. In most of these cases, four or more activity states of the classification of
Cruden and Varnes (1996) are distinguished. These include active, suspended, reactivated,
inactive, dormant, abandoned, stabilized and relict landslides.
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Figure 4.18: Estimated completeness of information on the landslide history (initiation and/or reactivation date)
in national landslide databases (total number of databases=23).

4.2.2.6 Landslide trigger

Many landslide studies start from the hypothesis that the past and present landslides are the
key to the prediction of future landslides. Hence, for prediction of the timing and frequency of
future landslide events, information of the triggering factors of past events needs to be
analyzed. Currently 18 of the 23 landslide databases provide this information, if it is available,
because, as Figure 4.19 shows, in 52% of the databases the triggering factor is only reported
for less than 25% of the documented landslides. As the percentages in the figure are estimates,
they have to be considered with care.
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Figure 4.19: Estimated completeness of information on the triggering factor in national landslide databases
(total number of databases=23).

4.2.2.7 Consequences

For estimating the damage caused by future landslides of a certain magnitude, information is
needed on the damage caused by previous landslides of the same magnitude. If this
information is available, it is reported in 20 of the 23 landslide databases. However, as for the
triggering factor, the percentage of landslides in the databases with documented information
on damage and victims caused is generally limited. For about half of the inventories the
information is available for less than 25% of the recorded landslides (Fig. 4.20). Generally,
only a qualitative description of the reported or observed casualties and damage is given.
Damage can include building damages, road closures, losses of arable land, forest or cattle,
and in a limited number of cases it also includes secondary effects such as tsunami or
landslide dams. An estimate of the monetary value of damage and reparation costs is only
given when available. In the landslide database of UK, this is for example the case for five
landslides. The database of Sweden (Swedish Natural Hazards Information System; Table
4.1), containing the 17 most severe landslides that occurred in the country provides a very
detailed description of the casualties, damage and remediation. Apart from that, also the
Portuguese landslide database provides information on the damage caused by most of the 163
landslides,
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Figure 4.20: Estimated completeness of information on consequences in national landslide databases (total
number of databases=23).

4.2.2.8 Other information

All 23 databases provide at least one of the additional types of information listed in Table 4.6.
The class “Other” includes detailed descriptions of the landslide event and videos.

Table 4.6: Additional information included in national landslide databases.
Number of databases

Photographs 13
Monitoring data or physical properties 11
Bibliographic references 21
Other 4

4.2.3 Format and access

Landslide data can only be directly used for landslide susceptibility, hazard or risk
assessments if easily accessible and available in digital format. Ideally the alphanumeric and
spatial databases are linked. Currently, this is the case for about 55% of the European
countries (Fig. 4.21). Fifteen countries use ArcGIS to store the spatial data. Other spatial
databases are created in ArcSD or Mapinfo. In combination with the GIS, 13 countries use
Access or Oracle to store the alphanumeric data.

With regard to the accessibility, 12 countries allow the general public access to the data
(Table 4.7). However, accessibility for general public is restricted to consultation for eight of
these landslide databases (Table 4.8). In some cases (e.g. Greece) only limited information is
available, and more specific arrangements have to be made if more detailed information is
required. In the absence of a web interface a few (e.g. OLI, Iceland) of these eight databases
can also only be consulted in the database owner’s office. As mentioned before, although
many countries have a web interface (see Table 4.1 and Annex C for examples), they only
have it in the local language, hampering consultation to most foreigners. Four databases allow
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free use of the data. These are Andorra, Ireland, Slovakia and Sweden (the latter only 17
landslides). Other countries eventually provide the data, but only under special conditions. In
the latter case, only administrations (and sometimes scientists) have direct access to all data.
Hence, currently use of landslide data from national databases for landslide zoning is
generally restricted to database owners.
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Figure 4.21: Format in which the spatial and alphanumeric data of national landslide databases (DB) are
available.
* 4 countries have also a digital database

Table 4.7: Accessibility of national landslide databases. Accessibility is generally restricted to consultation
(Table 4.8).

Accessibility Number of databases
General public* 12
Administration 19

Scientific purposes 20

Other (companies) 1

* All databases accessible for general public are assumed to be accessible to administration and for scientific
purposes

Table 4.8: Possibilities for further use of accessible data in national landslide databases.
Possibilities for use Number of databases
Use for consultation only 8
Use free of charge under any condition
Use after payment
Use without special conditions
Use under special conditions
Not known

A9 0V = N
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4.2.4 INSPIRE Directive compliance

A detailed section on INSPIRE comes later in the report (Section 5.2). Here, only the
outcomes of the questionnaires are shown. Figure 4.22 shows that currently only for a few
national databases the metadata is complying with INSPIRE metadata regulations
(http://inspire.jrc.ec.europa.eu/index.cfm/pageid/101). According to INSPIRE regulation,
digital data of European countries should be implemented in a network service (as specified in
http://inspire.jrc.ec.europa.eu/index.cfm/pageid/5) to enable interoperability. This is currently
only the case for three national databases. Also formulation of the metadata is only rarely
(n=5) complying with INSPIRE regulation.

Important is that Figure 4.22 suggests that the persons responsible for the database do not
seem to be well-informed about the INSPIRE regulations on metadata and network services.
Most of them also do not know whether their metadata and network service are complying
with INSPIRE regulation. They also do not know whether their institute is registered as
Spatial Data Interest Communities (SDICs) or Legally Mandated Organisation (LMOs).
Therefore, we checked ourselves whether the institutes were registered, and this showed that
almost half of the institutes responsible for national landslide databases are currently a LMO
(n=12) or SDIC (n=2). Hence, it seems that an important proportion of the contacted persons
does not know who is following up INSPIRE in their institute.

DB metadata complying with INSPIRE
metadata regulations

@DB stored in a network following the
INSPIRE network services

Number of databases

7/ DB stored in a network following the
INSPIRE network services

DB metadata complying with INSPIRE
metadata regulations

Not known

Figure 4.22: Compliance of national landslide databases (DB) with INSPIRE regulations on metadata and
network services.
4.2.5 Availability of ancillary data for landslide hazard and risk assessment

Since the landslide inventory is only one of the thematic layers necessary for landslide hazard
and risk assessment, the questionnaire also included questions regarding the availability of
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data layers related to controlling and triggering factors, and elements at risk (i.e. section 8 of
questionnaire).

The results obtained are listed in Table 4.9 and provide an overview of which data are
generally present at relative high quality (i.e. up to date, high to moderate resolution and
digitally available), and of which data are more problematic to collect and eventually
hampering landslide risk assessment at national scale. Of course, care should be taken when
analysing the data. For each country we have the response of one contact person only.
Generally this person only provided information for which he/she was certain.

With regard to data on controlling factors, it can be concluded that most countries have a
DEM (1:10,000 to 1:200,000) and digital lithological map (1:10,000 to 1:500,000). Soil maps,
especially digital versions, have a lower availability. About 30% of the contact persons which
responded to have land cover data referred to the Corine land cover map.

Contact persons could not always provide information on available databases of landslide
triggering factors (precipitation and seismicity) and elements at risk (buildings, infrastructure
and population). It seems that population data is generally available up to the municipality
level.

Table 4.9: Availability of ancillary thematic data for landslide hazard and risk assessment (max no. of responses 22).

Available Digital*
Controlling factor  Topography 22 18
Lithology 20 16
Soil properties 14 13
Land cover** 16 14
Land use** 13 12
Triggering factor ~ Climate
Precipitation 16 11
Temperature 15 10
Seismicity
Magnitude 10
Intensity 8
Peak ground acceleration 8
Elements at risk Physical elements and human activities 10 10
(buildings, engineering works, economic
activities, public services, utilities,
infrastructure and environmental features)
Population (country, municipality) 10 10

* Digital map is available or the map can be produced by linking the data to a location
** There might be some confusion on difference among some of the contact persons
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43  ANALYSIS OF REGIONAL LANDSLIDE DATABASES

In this section 22 regional landslide databases are analyzed (Fig. 4.2; Table 4.2). Information
on regional databases was provided by:

- Regional authorities (i.e. landslide database of Flanders (Belgium), Bavaria,
Rheinland-Pfalz and Saxony (Germany), Carinthia (Austria));

- National Geological Surveys (i.e. Landslide register of urbanized areas of the city of
Zagreb (Croatia), Valcea-Arges-Dambovita-Prahova-Buzau (Romania), Cadastre of
landslides and unstable slopes on the territory of Serbia);

- Universities (i.e. Landslides near Pérnu town (Estonia), Alpine Inventory of Deep-
Seated Gravitational Slope Deformations (Northern Italy), North of Lisbon Landslides
(Portugal), BEOSIlide (Serbia), LLISCAT (Spain and Andorra), Landslides Database
of the Southern Slopes of Sierra Nevada, Granada (Spain)); and

- Eight Italian Basin Authorities.

Although some differences with national landslide databases can be observed, one has to be
aware that the collection of regional databases is not representative for the complete collection
of regional landslide databases in Europe, and that the four groups of contacted institutes
listed above have various reasons for creation and maintenance of a landslide database (e.g.
responsible by law, scientific interest, landslide management). The results shown are for
example also influenced by the high number (i.e. 8) of regional landslide databases
maintained by Italian Basin Authorities. We will focus in this section on the differences
observed compared to the national landslide databases discussed in the previous section.
Therefore most graphs will show the results obtained from both the national and regional
databases.

4.3.1 General information

The regional landslide databases included are generally official documents, i.e. they are made

by a government entity (such as a ministry or a mapping agency), but they are not regulatory
(Fig. 4.23).
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Figure 4.23: Legal value of the national and regional landslide databases.
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The number of reported landslides is generally between 400 and 4000 (Table 4.3). Exceptions
are three regional Italian landslide databases having more than 15,000 landslides. A first
important observation is that regional databases seem to be more complete compared to
national inventories (Fig 4.24; 4.25). This could be related to the fact that generally more
attention can be paid for data collection of smaller regions. Similar to most national databases,
regional landslide databases are also frequently updated (Fig. 4.26).
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Figure 4.24: Estimated completeness of the regional landslide databases.
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Figure 4.25: Estimated completeness of the national and regional landslide databases.
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Figure 4.26: Comparison of update frequency of the national and regional landslide databases.

4.3.2 Content

4.3.2.1 Landslide inventory map

Generally covering smaller areas, regional landslide inventory maps are often produced at
more detailed scale than national inventory maps (Fig. 4.27). Given the more detailed scale,
landslides are most often indicated as lines or closed polygons and not as points (Fig. 4.28).
For individual landslides, coordinates and municipality are separately listed in the
alphanumeric database of more than half of the regional databases (Table 4.10).
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With regards to the techniques used to acquire the landslide locations, Figure 4.29 shows that,
similarly to the national inventories, the regional inventories are mainly created using field
surveys, historical documents and analysis of aerial photographs. However, for databases
produced for scientific purposes these traditional methods are used in combination with more
innovative satellite and airborne remote sensing techniques. Also Google Earth provides
opportunities for the production of landslide databases. This virtual globe, map and
geographical information program was for example used for production of the “Alpine
Inventory of Deep-Seated Gravitational Slope Deformations” (Northern, Italy; University of
Milano-Bicocca, Italy).
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Figure 4.27: Scale of national and regional landslide inventory maps.
(* some of the landslide inventory maps were created at smaller scale in some parts of the country).
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Figure 4.28: Symbol used for landslides in national and regional landslide databases.
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Table 4.10: Specific information on landslide location provided in the regional landslide databases.

Landslide locator Number %
Coordinates 16 72.7
Municipality 13 59.1
Province/county 10 455
Other (hydrographic basin) 1 4.5
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Figure 4.29: Techniques used to collect landslide locations.
* Other than aerial photographs and LiDAR.

4.3.2.2 Landslide classification

Landslides recorded in the landslide database of State of Rheinland-Pfalz (Germany) and
BEOslide (Serbia) are not further classified. Only two out of the remaining 20 databases use a
classification system not derived from Cruden and Varnes (1996). Fifteen of the 22 regional
databases only contain landslides. The other seven databases also contain information on e.g.
floods, sinkholes, badlands, active faults, sediment fans, and large slope deposits.

4.3.2.3 Landslide dimensions

Morphological landslide characteristics were reported in 19 of the 22 regional landslide
databases (Fig. 4.30). The results do not show remarkable differences with national landslide
inventories, with exception of the displaced volume which is not so frequently available in the
regional databases.
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Figure 4.30: Morphological characteristics of landslides reported in national and regional landslide databases.

4.3.2.4 Geo-environmental characteristics at landslide site

Geo-environmental characteristics at the landslide site were reported in 18 of the 22 regional
landslide databases (Fig. 4.31). The results do not show remarkable differences with national
landslide inventories. Information on lithology and slope gradient is almost always included
in the database.
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Figure 4.31: Geo-environmental characteristics at the landslide site reported in national and regional landslide
databases.

4.3.2.5 Landslide history and activity

Information on the landslide history, available for 17 of the 22 regional databases, is relatively
incomplete and for most databases below 50% (Fig. 4.32). For 12 databases qualitative
information of the activity was given. Similar to national landslide databases, four or more
activity states of the classification of Cruden and Varnes (1996) are distinguished. These
include active, suspended, reactivated, inactive, dormant, abandoned, stabilized and relict

landslides.
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Figure 4.32: Estimated completeness of information on the landslide history (initiation and/or reactivation date)
in national and regional landslide databases.

4.3.2.6 Landslide trigger

Information of the landslide trigger is included in about half of the regional landslide
databases (Fig. 4.33). In contrast with an increase in overall completeness compared to
national landslide databases, regional databases are not more complete with regard to the
triggering factors.
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Figure 4.33: Estimated completeness of information on the triggering factor in national and regional landslide
databases.

4.3.2.7 Consequences

Information on the landslide consequences (i.e. victims and estimates of damage) is included
in 14 of the regional landslide databases (Fig. 4.34). In contrast with an increase in overall
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completeness compared to national landslide databases, regional databases are also not more
complete with regard to the consequences.
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Figure 4.34: Estimated completeness of information on the consequences in national and regional landslide
databases.

4.3.2.8 Other information

Seventeen regional databases include additional information such as photographs, monitoring
data or bibliographic references (Table 4.11).

Table 4.11: Additional information included in regional landslide databases.
Number of databases

Photographs 13
Monitoring data or physical properties 13
Bibliographic references 12
Other 1

4.3.3 Format and access

Similar to the national landslide databases, regional databases are generally linked databases
where spatial and alphanumeric data are connected (Fig. 4.35). For nine databases, data is
stored in a spatial database. They consist of a map with an attribute table and are most often
produced in ArcGIS or Mapinfo. When alphanumeric-only databases are present they are
generally produced in Microsoft Access or SQL server.

About 50% of the databases are accessible for general public (Table 4.12), but generally only
for consultation (Table 4.13). This is, for example, the case for the databases maintained by
Flemish Region, the German Lénder and the Italian Basin Authorities which sometimes have
a web interface (Table 4.2; Annex C). Generally, data can only be used under special
conditions for further processing such as landslide zoning (Table 4.13).
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Figure 4.35: Format in which the spatial an alphanumeric data are available.

Table 4.12: Accessibility of regional landslide databases.

Accessibility Number of databases
General public* 10
Administration 17
Scientific purposes 15
Other (internal, companies) 4

* All databases accessible for general public are assumed to be also accessible to administration and for
scientific purposes

Table 4.13: Possibilities for further use of accessible data of regional landslide databases.

Possibilities for use Number of databases
Use for consultation only 9

Use free of charge under any condition 3

Use after payment 0

Use without special conditions 4

Use under special conditions 10

Not known 4

4.3.4 INSPIRE Directive compliance

The regional databases included in this overview generally do not take into account the
INSPIRE regulations (Fig. 4.36). The contact persons most often did not know whether their
institute was able/willing to collaborate to INSPIRE regulations. As mentioned before, a more
detailed discussion on landslide databases and INSPIRE regulation will follow in section 5.2.
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Figure 4.36: Compliance of regional landslide databases (DB) with INSPIRE regulations on metadata and
network services.
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3) POLICY-RELATED SUGGESTIONS FOR HARMONISATION
AND INTEROPERABILITY

In the previous section we provided an overview of the information that is available in
national and regional landslide databases. In this section we introduce the proposed Soil
Framework Directive and the INSPIRE Directive, and give suggestions on the content and
structure landslide databases should have to meet both the proposal for a Soil Framework
Directive and current version of the INSPIRE data specifications for Natural Risk Zones.

5.1 PROPOSED SOIL FRAMEWORK DIRECTIVE

Landslides constitute one of the eight soil threats considered in the EU Thematic Strategy for
Soil Protection, adopted by the European Commission on 22 September 2006. The legislative
package included a communication on the mentioned Strategy (EC, 2006a), a proposal for a
Soil Framework Directive (EC, 2006b) and the impact assessment of the Strategy (EC,
2006¢). However, to date, the Soil Framework Directive is still under discussion and is not yet
adopted. Therefore, only limited suggestions for harmonisation of landslide databases in
agreement with the proposed Soil Framework Directive can be given.

In the proposed Soil Framework Directive it is required, among other actions, to identify risk
areas for several soil threats including landslides. The Soil Information Working Group
(SIWG) of the European Soil Bureau Network (ESBN) developed a set of “common criteria”
(i.e. for landslides, occurrence/density of existing ones along with a set of conditioning and
triggering factors) to identify these risk areas (Eckelmann et al., 2006). The SIWG suggested
a nested geographical approach based on “Tiers” and exploiting thematic data of different
type, quality and resolution, outlining a variety of methodological and technological
approaches. Basically, the Tier 1 assessment is aimed at the general identification of areas
potentially subject to landslide risk, providing a low-resolution evaluation of soil threats
including landslides using existing thematic data. The Tier 2 assessment is intended to
perform detailed analyses in the areas identified as potentially at risk by the Tier 1
assessment, and should provide results at a higher spatial resolution using existing and new
data currently not available. The Tier approach has been further elaborated specifically for
landslide risk area delineation in Europe by the European Landslide Expert Group (Hervas et
al., 2007; Giinther et al., 2008; Hervas et al., 2010).

In the proposal for a Soil Framework Directive, risk areas are understood as areas where one
or more of the soil degradation processes have occurred or are likely to occur in the near
future. Hence, identification of so-called landslide risk areas could in principle be
accomplished by one or more of the following maps:

- Landslide inventory maps (and landslide density maps as a by-product), which show at least
the geographical distribution of past landslides, and associated databases of landslide and
terrain properties;

- Landslide susceptibility maps, which show the proneness or the probability of occurrence of
landslides of certain type in a given area;

" http://eusoils.jrc.ec.europa.ew/library/themes/Landslides/
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- Landslide hazard maps, which show the probability of occurrence of landslides of certain
type and magnitude in a particular area within a given period of time; or

- Landslide risk maps, which show potential damage or losses caused by landslides to
individuals, infrastructure and property.

As shown in previous sections, systematic landslide databases (including e.g. maps showing
the location, type of known landslides in an area and landslide history) are not available
and/or accessible for all European countries. Consequently, only a continent-wide assessment
of landslide susceptibility is feasible. Therefore, the European Landslide Expert Group
recommended:
“carrying out a pan-European landslide inventory, reviewing the data already available
(...). The minimum requirements for such an inventory are location and type of
historical landslides. The landslide type classification should follow the one proposed
by Varnes (1978). Additionally, the inventory should include date of occurrence,
soil/bedrock material involved, surface extent and direct impact of landslide events.”
(Hervas et al., 2007)

These recommendations are in line with INSPIRE regulation on data specifications of natural
hazards (see next section).

5.2 INSPIRE DIRECTIVE
5.2.1 General information on INSPIRE

INSPIRE is a Directive adopted by the European Parliament and the Council of the European
Union on 14 March 2007, setting the legal framework for the establishment of the
Infrastructure for Spatial Information in the European Community, for the purposes of
Community environmental policies and policies or activities which may have an impact on
the environment (EC, 2007a). INSPIRE should be based on the infrastructures for spatial
information that are created and maintained by the Member States. The components of those
infrastructures include: metadata, spatial data themes (as described in Annexes I, II, III of the
Directive), spatial data services; network services and technologies; agreements on data and
service sharing, access and use; coordination and monitoring mechanisms, processes and
procedures.

The guiding principles of INSPIRE are:

“that the infrastructures for spatial information in the Member States will be designed
to ensure that spatial data are stored, made available and maintained at the most
appropriate level; that it is possible to combine spatial data and services from different
sources across the Community in a consistent way and share them between several
users and applications; that it is possible for spatial data collected at one level of
public authority to be shared between all the different levels of public authorities; that
spatial data and services are made available under conditions that do not restrict their
extensive use; that it is easy to discover available spatial data, to evaluate their fitness
for purpose and to know the conditions applicable to their use.”
(http://inspire.jrc.ec.europa.cu/documents/Data_Specifications/D2.5 v3.2.pdf)
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The text of the INSPIRE Directive 2007/2/EC (EC, 2007a) is available from the INSPIRE
website (http://inspire.jrc.ec.europa.eu). The Directive identifies what needs to be achieved by
the Member States.

To facilitate the implementation of INSPIRE, all stakeholders have the opportunity to
participate in its specification and development. For this reason, the Commission has put in
place a consensus building process involving data users and providers together with
representatives of industry, research and government. These stakeholders are organised in
Spatial Data Interest Communities (SDIC) and Legally Mandated Organisations (LMO).
SDICs typically are networks of data producers, transformers and users, whereas LMOs are
responsible in the Member States for one or more components of the INSPIRE Directive.
SDICs and LMOs have provided reference materials, participated in the user requirement and
technical surveys, proposed experts for the Data Specification Drafting Team and Thematic
Working Groups (TWG), expressed their views on the drafts of the technical documents of
the data specification development framework, and are invited to comment the draft
Implementing Rule on Interoperability of Spatial Data Sets and Services.

As the objective of INSPIRE is to create a service that combines spatial data and services
from different sources across the Community in a consistent way in order to share them
between several users and applications, an important document is the “Regulation on
INSPIRE Data and Service Sharing (29.03.2010)” (http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:083:0008:0009:EN:PDF).

In short, EU countries have to share their spatial data. There can be special conditions or
charges linked to the accessibility and use of the data, but these should be transparent.
Charges could be for example related to costs related to updating and maintenance of the
database.

5.2.2 Definition of interoperability in INSPIRE

One of the main tasks of the INSPIRE programme is:
“to enable interoperability and, where practicable, harmonisation of spatial data sets
and services within Europe. Interoperability in INSPIRE means the possibility to
combine spatial data and services from different sources across the European
Community in a consistent way without involving specific efforts of humans or
machines.”

It is important to note that interoperability is understood as providing access to spatial data
sets through network services, typically via Internet. Interoperability may be achieved by
either changing (harmonising) and storing existing data sets or transforming them via services
for publication in the INSPIRE infrastructure.

To make the concepts of interoperability and harmonisation more tangible, a set of
interoperability components were defined (Fig. 5.1). For each of the components, a separate
clause specifies how this component is addressed in the Generic Conceptual Model, the model
applicable for all INSPIRE thematic data specifications (e.g. natural risk zones, soil, ...). We
refer to http://inspire.jrc.ec.europa.eu/documents/Data Specifications/D2.5 v3.2.pdf (p.26 —
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32) for a complete overview of these components, while in this document only the
components that are most relevant for landslide databases will be highlighted. These are:

- The multi-lingual text and cultural adaptability (F): All feature catalogues and the
feature concept dictionary are multilingual, as well as the definition and names of all
spatial object types, their attributes/associations and their attribute values provided by
enumerations/code lists. However, the conceptual model (e.g. Fig. 5.3) will be normally
developed in English only. In principle, also cultural differences have to be taken into
account, as not all terms may be translatable from one language to another. Furthermore,
it is also recognized that cultural differences can exist between communities working in
the same language.

- The coordinate referencing and units model (G): The focus is put on reference systems
that are valid across Europe.

- The identifier management (K): Each object in the database should have a unique object
identifier (K). This will be a combination of the identifier of the object on a national
level with a prefix referring to its location in the INSPIRE structure. To ensure object
uniqueness throughout Europe, not the form of identifier, but the identifier management
mechanisms (e.g. registers) in use at national level will need to be synchronised/mapped
to ensure pan-European integration.

(A) INSPIRE Principles (B) Terminology (C) Reference model
(D) Rules for application | ry g 4tia) and temporal || (F) Multi-ingual text and
Schemas and feature aspects cultural adaptibilit
__catalogues _ d

(G) Coordinate refe- (H) Object referencing (I) Data translation
rencing and units model modelling model/guidelines

(K) Identifier (L) Registers and
Wi Formayalmodel Management registries
(M) Metadata (N) Maintenance (O) Quality

(Q) Consistency (R) Multiple
(F) Data Transfer between data || representations
(S) Data capturing (T) Conformance

Figure 5.1: Overview of data interoperability components as defined in INSPIRE.
(http://inspire.jrc.ec.europa.eu/documents/Data_Specifications/D2.5 v3.2.pdf)
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5.2.3 Data specifications for Natural Risk Zones and implications for landslide
databases

The INSPIRE Directive addresses 34 spatial data themes for environmental applications.
These themes are subdivided in the three annexes of the directive. The complete list can be
found on http://inspire.jrc.ec.europa.eu/index.ctfm/pageid/2/list/7. Landslides are part of the
theme Natural Risk Zones (Annex III theme 12) and not of the theme soil as in the Soil
Thematic Strategy. Natural Risk Zones are defined as vulnerable areas characterised
according to natural hazards (all atmospheric, hydrologic, seismic, volcanic and wildfire
phenomena that, because of their location, severity, and frequency, have the potential to
seriously affect society), e.g. floods, landslides, earthquakes and volcanic eruptions
(http://inspire.jrc.ec.europa.eu/reports/ImplementingRules/DataSpecifications/D2.3 Definitio
n_of Annex Themes and scope v3.0.pdf).

For each of the 34 themes, a Thematic Working Group (TWG) is currently creating INSPIRE
data specifications. The data specifications follow the structure of “ISO 19131 Geographic
information - Data product specifications” standard. They include the technical
documentation of the application schema, the spatial object types with their properties, and
other specifics of the spatial data themes using natural language as well as a formal
conceptual schema language (INSPIRE Thematic Working Group Natural Risk Zones, 2011).
The specification is the work of the Natural Risk Zones TWG, a multinational team of experts
from the community of SDICs and LMOs. The current version 2.0 (22/06/2011;
http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2/list/1) has been compiled using reference
material submitted by SDICs and LMOs and the responses to a user requirements survey. The
team themselves had to draw on their own expertise and that of their organisations and other
groups to develop agreed use cases in a selection of areas pertinent to Natural Risk Zones.
While creating the data specifications for Natural Risk Zones, the team also had to take into
account links with other thematic areas from INSPIRE (e.g. geology).

Important is that the TWG recognizes that among different natural hazards, differences in
definitions of risk, hazard, vulnerability and exposure exist. Finally, it was decided to use the
definitions listed in Table 5.1. Figure 5.2 illustrates the relation between these concepts, and
thus the overall definition of Natural Risk Zones as zones where natural hazards areas
intersect with highly populated areas and/or areas of particular environmental/ cultural/
economic value.

The production of data specifications of Natural Risk Zones is an on-going process. After
launching the Call for Expression of Interest for participation in development of INSPIRE
data specifications for Annex II & III Data Themes in November 2009, the TWG produced
the first version of the data specification in September 2010. This version has been
substantially improved. Version 1.9 (29/04/2011) was an internal report that was internally
revised by the TWG, before making version 2.0 publically available on the INSPIRE webpage
on June 22™ 2011 (http://inspire.jrc.ec.curopa.eu/index.cfim/pageid/2/list/1). Until October
20™ 2011 there is time for an external quality check. Persons are invited to test the model for
landslide databases or susceptibility, hazard and risk assessments (for which a digital map is
available). However, for this they needed to be registered as SDIC or LMO before May 15",
2011. Eventual comments sent to the TWG will be discussed in a meeting in December 2011.
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The third and final version is then planned to be published by March 2012. The information
provided in this report is based on the version 2.0. Given that the model is not finalised, the
TWG advised us not to provide the current version of the Natural Risk Zones application
scheme, but to invite the reader to check the model in version 2 of the draft guidelines that is
available on the INSPIRE webpage. Therefore, only a schematic version of the model will be
presented. Until the more “stable” version of the data specifications (i.e. the one planned by
March 2012) is available, no specific recommendations on landslide databases in agreement
with INSPIRE can be drawn, but only general ones.

Table 5.1: Definitions used by the Thematic Working Group of Natural Risk Zones (INSPIRE Thematic Working
Group Natural Risk Zones, 2011).

Risk

The term risk refers to the combination of the consequences of an event (hazard) and the
associated likelihood/probability of its occurrence. The word “risk” has two distinctive
connotations. The emphasis is either placed on the concept of chance or possibility, or on the
consequences, in terms of “potential losses” for some particular cause, place and period
(UNISDR 2009). .

Hazard

A dangerous phenomenon, substance, human activity or condition that may cause loss of life,
injury or other health impacts, property damage, loss of livelihoods and services, social and
economic disruption, or environmental damage. In technical settings, hazards are described
quantitatively by the likely frequency of occurrence of different intensities for different areas,
as determined from historical data or scientific analysis (UNISDR, 2009).

Vulnerability

The characteristics and circumstances of a community, system or asset that make it susceptible
to the damaging effects of a hazard (UNISDR 2009).

Exposure

People, property, systems, or other elements present in hazard zones that are thereby subject to
potential losses (UNISDR 2009).

Risk zone

Hazard area

Exposed Feature

Vulnerable
features

Vulnerable
zone

Figure 5.2: Relationships between main concepts in Natural Risk Zones model (INSPIRE Thematic Working
Group Natural Risk Zones, 2011).
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Figure 5.3 shows a schematic overview of the Natural Risk Zones application scheme with
indication of the part that is most important in this study on landslide databases. The common
scheme covers elements seen as necessary by the TWG to describe Natural Risk Zones, and
thus consists of the four components shown in Figure 5.2, i.e. hazard areas, exposed elements,
vulnerability of exposed elements, and risk zones. However, it is possible that for each
specific natural hazard additional extensions to this general model are needed. This general
model is mainly language neutral.

For this study on landslide databases only the ‘hazard area’ and the ‘observed hazard’, which
is generated from the hazard area feature (Fig. 5.3), are relevant. A ‘hazard area’ has a certain
surface geometry (e.g. map with points or polygons representing landslides) to which two
mandatory attributes are allocated, the INSPIRE Identifier and the type of hazard. With regard
to the latter, currently no standardized natural hazards classification exists. The TWG
therefore had to suggest a classification (Annex A of INSPIRE Thematic Working Group
Natural Risk Zones, 2011 and Table 5.2). The challenge was to create an interoperable list of
hazards that allowed the provision of more specific information about the type of hazard. All
spatial objects (hazard areas, but also risk zones, and exposed elements; Fig. 5.3) need a
unique identifier. This identifier needs to be maintained by the national or regional authority
in the Member States. It should consist of two parts: the namespace (identifier of national
database) and a local identifier (original identifier used in the national/regional database).
Hence, the approach to make identifiers internationally unique is to add a prefix to the
original local identifier.

Apart from the limited mandatory attributes, there is a list of attributes that should be
provided if available. First, there are two attributes that describe its life cycle (i.e.
“validFrom” and “validTo”). Secondly, information on the determination method used for
hazard assessment, which can be either through modelling or through indirect determination
(observation of evidence), can be provided. A third attribute is the level of hazard, which can
be expressed either qualitatively or quantitatively. As hazard level values are not useful if the
method (modelling or proxy-methods) is not indicated, also this information should be
provided. A fourth attribute is the likelihood of occurrence, which can be expressed either
qualitatively or quantitatively (probability or return period). Similar to the hazard level, it is
also for the likelihood of occurrence requested to introduce information on the assessment
method.

The ‘observed hazard’ is generated from the hazard area feature class. An observed hazard
represents a feature of the real world that had or that still has an existence: the observed
hazard feature has therefore two attributes that describe the life cycle of the real feature:
“Valid From” and “valid To”. Also the name of observed hazard can be included.
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Table 5.2: Classification of landslides as suggested by the TWG (situation 28/04/2011*). When completing the
type of hazard in the Natural Risk Zones application schema (see Fig. 5.3) one of the landslide types listed below

should be selected. (taken from Annex A of INSPIRE Thematic Working Group of Natural Risk Zones, 2011).

General definition

(Highland and Bobrowsky, 2008)

Landslide

A sudden gravity-driven down-slope movement of slide mass composed of soil, rock
and vegetation. Landslide is a general term used to describe the downslope movement
of soil, rock, and organic materials under the effects of gravity and also the landform
that results from such movement.

Landslide types

(Highland and Bobrowsky, 2008)

Debris Flow

Debris flows are essentially large, extremely rapid, often open-slope flows formed
when an unstable slope collapses and the resulting fragmented debris is rapidly
transported away from the slope.

Karstic or Pseudo
Karstic Collapse

Steep-sided sink formed by collapse into a subterranean cavity. An underground
cavern forms. Eventually the overlying rock is longer collapses.

Mudflow

When a slope is so heavily saturated with water that it rushes downhill as a muddy
river, carrying down debris and spreading out at the base of the slope; the fastest,
wettest flow of weathered material down a hillside. A general term for a mass-
movement landform and process characterized by a flowing mass of predominately
fine-grained earth material possessing a high degree of fluidity during movement.
The water content may range up to 60 percent.

Rockfall

Falls are abrupt movements of masses of geologic materials, such as rocks and
boulders, that become detached from steep slopes or cliffs. The falling mass may
break on impact, may begin rolling on steeper slopes, and may continue until the
terrain flattens.

Sand Dune
Movement

Large body of sand that moves under the action of wind or gravity.

Shore Line and Cliff
Recession

Continuing landward movement of the shoreline or cliff due to erosion and slope
failure; a net landward movement of the cliff or shoreline over a specified period.

Slide

A slide is a downslope movement of a soil or rock mass occurring on surfaces of
rupture or on relatively thin zones of intense shear strain. Movement does not initially
occur simultaneously over the whole of what eventually becomes the surface of
rupture; the volume of displacing material enlarges from an area of local failure.

Soil Creep (slow
earthflow)

Creep is the informal name for a slow earthflow and consists of the imperceptibly
slow, steady downward movement of slope-forming soil or rock. Movement is caused
by internal shear stress sufficient to cause deformation but insufficient to cause
failure. Generally, the three types of creep are: (1) seasonal, (2) continuous, and (3)
progressive.

Spreads

An extension of a cohesive soil or rock mass combined with the general subsidence
of the fractured mass of cohesive material into softer underlying material. Spreads
may result from liquefaction or flow (and extrusion) of the softer underlying material.
Types of spreads include block spreads, liquefaction spreads, and lateral spread.

Subsidence

Sinking or downward settling of the Earth’s surface, not restricted in rate, magnitude,
or area involved. Subsidence may be caused by natural geologic processes, such as
solution, compaction, or withdrawal of fluid lava from beneath a solid crust or by
human activity such as subsurface mining or the pumping of oil or ground water.

Toppling

A topple is recognized as the forward rotation out of a slope of a mass of soil or rock
around a point or axis below the center of gravity of the displaced mass. Toppling is
sometimes driven by gravity exerted by the weight of material upslope from the
displaced mass. Sometimes toppling is due to water or ice in cracks in the mass.
Topples can consist of rock, debris (coarse material), or earth materials (fine-grained
material). Topples can be complex and composite.

Snow Avalanche

A snow mass with typically a volume greater than 100 m3 and a minimum length of
50 meters that slides rapidly downhill (EEA, 2010).
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Figure 5.3: Simplified structure of the preliminary version of the Natural Risk Zones application scheme /
general model (version 2.0, 22/06/2011; after INSPIRE Thematic Working Group Natural Risk Zones, 2011). We
were asked not to put the preliminary model itself in this report and advise readers to check the most up to date
version of the Guidelines on Natural Risk Zones Data Specifications on the INSPIRE webpage.

With regard to national landslide databases (with a digital landslide inventory map) in EU
Member States, both the hazard area and the observed hazard need to be completed. The
landslide inventory map and its attributes are part of the hazard area. This is the area including
the surface geometry of the landslide (i.e. the digital map). The coordinate reference system to
be used for the map needs to have the European Terrestrial Reference System 1989 (ETRS89)
as datum in areas within its geographical scope, and the International Terrestrial Reference
System (ITRS) datum in areas that are outside the geographical scope of ETRS89.

The hazard area will include the INSPIRE identifier and the type of hazard, in this case the
type of landslide (Table 5.2). Probably there will also be possibility to fill in the original
identifier of the landslide as present in the national database. The life cycle to be filled in is
the date of first creation of the database (“validFrom™) and the date until which the current
database is valid (“validTo”). Information on the materials and methods used for creation of
the database should be included.

To this single hazard area, a lot of observed hazards will be associated, all representing
individual landslides for which, as mentioned above, a name and information on the history
can be included. Up to here only attributes present in the preliminary version of the
application scheme are discussed. Apart from these attributes, Member States can decide to
include other information available in their national database too.

Overall, the description of Natural Risk Zones application scheme is relatively abstract. It
emphasises the need for testing, and therefore the landslide community is invited to test the
application scheme (end of June — October 2011; see above for details). It should be tested for
both landslide inventory maps and landslide susceptibility, hazard and risk maps. Hereby, it is
important to mention that it will not be possible to complete the entire scheme as schematised

Grant Agreement No.: 226479 Page 57 of 109
SafeLand - FP7



23 Rev. No: 1
Overview of European landslide databases Date: 2011-08-08

in Figure 5.3 in most cases. As mentioned before, landslide databases only focus on the
hazard area. The risk zone, exposed elements and vulnerability features will remain blank. To
help persons testing the model, the annexes of the Natural Risk Zones guidelines contain
some use cases of landslides and other natural hazards. As flood risk is significantly better
and more precisely defined than other hazards, due to the development of the Floods Directive
(2007/60/EC; EC, 2007b), the model will be demonstrated/illustrated by providing an
application schema (i.e. user case) specifically targeted at floods. This case description is not
legally binding as it can be different from country to country. It illustrates how different
hazard types might require different extensions to the application scheme. For the natural
hazards other than floods, user cases only make suggestions that can provide ideas for
construction of the general scheme.

The Natural Risk Zones guideline (version 2) further contains detailed information on the data
quality requirements and on the metadata description. It is mentioned that data conformant to
the INSPIRE data specification shall be made available through an INSPIRE network service
so that it can be accessed and exchanged easily. Application of this common scheme will be
legally binding. In the future, every national digital database on natural hazards should be
interoperable with the data specifications model through INSPIRE network services. For the
moment INSPIRE can not force Member States to include new data.

Our overview suggests that Member States will normally not have problems to fill in the
mandatory information. Currently only Andorra, Spain and Switzerland do not have a digital
landslide inventory map. However, as mentioned before, Spain and Switzerland should be
able to produce one as the landslide coordinates are listed in the database, though as
mentioned above INSPIRE can not force them to do so. More problematic, at least at present,
is the fact that the data should be available in an INSPIRE network service so that it is easily
accessible and exchangeable. Our analysis shows that currently only three landslide databases
are available through such services (Fig. 4.22).
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6 CONCLUSIONS AND RECOMMENDATIONS

To have a first detailed overview of the availability and content of national landslide
inventories in Europe, a questionnaire was sent to the competent persons in the institutes
responsible for compilation and maintenance of the landslide databases in EU member states,
EU official candidate and potential candidate countries (except Turkey), and EFTA countries.
As we received responses from 33 out of 37 European countries our approach proved very
successful. Currently already 22 countries have a national database (Fig. 4.1 and Table 4.1).
Six other countries (i.e. Belgium, Croatia, Germany, Estonia, Romania and Serbia; Figs. 4.1
and 4.2 and Table 4.2) only have one or more regional databases. This can be due to the fact
that creation and maintenance of landslide databases or landslide management (requiring a
landslide database) is a regional responsibility, or to the fact that currently attention was paid
to the most landslide affected areas only. We finally also collected and analysed information
of representative regional databases in landslide-prone countries such as Italy, Austria,
Portugal and Spain to compare with nation-wide databases.

Analysis of the returned questionnaires on 23 national databases demonstrated that European
databases contained more than 636,000 landslides in Spring 2010. Two thirds are located in
Italy, but also Austria, Czech Republic, France, Norway, Slovakia, and UK have more than
10,000 landslides in their databases. However, the total amount of landslides that have
occurred in Europe is assumed to be more than twice this number as the completeness of most
of the national databases is estimated to be lower than 50%. This incompleteness is mainly
due to the fact that it is difficult, and perhaps not the objective, to recognize all historical
(inactive, dormant, abandoned, stabilized and relict) landslides. Apart from that, also the lack
of resources and time, the surveyors’ experience and the site characteristics influence the
completeness of the database. A positive observation, on the other hand, is that 82% of the
investigated databases are updated at least once a year or after a major event, and that the
remaining countries do not exclude updating their database if this appears necessary.

Several publications have mentioned that national landslide databases have various content,
scale, language, format, structure and accessibility. However, this was never really proven in
detail.

The variability in map scale and used symbology is true. Three countries with a national
database, Andorra, Spain and Switzerland currently do not have a landslide inventory map.
However, for the latter two countries landslide coordinates are available in the database,
which suggest that production of a (perhaps simplified) inventory map should be possible. All
other countries produced a map at a scale ranging between 1:10,000 and 1:500,000 and
showing landslides either as point features or closed polygons. Both symbols enable landslide
zoning at regional and national scale. However, for more local analysis, accurate polygons are
required.

The databases generally contain information on the landslide type, and on a limited or larger
number of landslide morphological characteristics and geo-environmental factors. There is
indeed a large variety on the landslide types included in the databases, but we observed that
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for most databases it should be possible to classify the landslides in a limited number of types
from the classification of Cruden and Varnes (1996; e.g. fall, flow and slide).

With regard to the landslide characteristics national landslide databases generally contain
information on the length and width of the landslide and on its affected area. Information on
landslide volume, necessary for magnitude-frequency relationships and hence for landslide
hazard analysis is also available for 65% of the databases. The remaining countries could
envisage the possibility of including information on landslide volume too.

For landslide susceptibility analysis on a regional, national or continental scale, landslide
databases should not necessaritly include detailed geo-environmental information of the
landslide site, as this is generally extracted from thematic maps with a scale appropriate for
that for which the analysis is being carried out. For more detailed local and site analysis, site-
specific information, especially on topography, lithology and hydrology becomes more
important.

Information on landslide history and activity, triggering factors and consequences, on the
other hand, is low in most of the databases (i.e. completeness generally less than 25%), and
this causes problems for hazard and risk studies. It could be advised to include also a
qualitative estimate of landslide activity. Again it is suggested to use some of the classes
defined by Cruden and Varnes (1996; e.g. active, reactivated, dormant, and relict).

In the near future, INSPIRE might help in overcoming the problem of variability in language,
format, structure and accessibility of landslide databases. INSPIRE regulation and the
preliminary data specifications of Natural Risk Zones, including landslides (as defined in
INSPIRE Thematic Working Group Natural Risk Zones, 2011), were presented in section 5.2.
Since physical combination of all landslides in one harmonised European database is
currently impossible, and probably not recommended, the procedure followed by the
INSPIRE regulation seems feasible. INSPIRE focuses on designing a framework or
infrastructure to ensure that spatial data are stored, made available and maintained at the most
appropriate level; that it is possible to combine spatial data and services from different
sources across the Community in a consistent way and share them between several users and
applications; that it is possible for spatial data collected at one level of public authority to be
shared between all the different levels of public authorities; that spatial data and services are
made available under conditions that do not restrict their extensive use; and that it is easy to
discover available spatial data, to evaluate their fitness for purpose and to know the conditions
applicable to their use. Each Member State transposing the directive should create and
maintain this infrastructure, including detailed general schemes (Fig 5.3) on natural risk zones
such as landslides, and share it with other public authorities in EU Member States. This
should increase interoperability and accessibility of spatial landslide information, including a
limited set of features (i.e. mandatory are a digital landslide inventory map, a landslide
INSPIRE identifier and the hazard type, while landslide history can be included if available)
among Member States. The general scheme or conceptual model itself will be in English, but
feature catalogues are envisaged to be multilingual, so it should be possible to translate the
limited set of features in a national landslide database from one language into another one. It
can be concluded that the limited information to be included in the general model as defined
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by INSPIRE regulation will probably allow quantitative landslide susceptibility modelling at a
European scale. For landslide hazard and risk modelling, however, more datasets regarding
landslides are needed.

In contrast to INSPIRE regulation that will soon have some specifications for digital landslide
databases, the EU Thematic Strategy for Soil Protection currently does not have legally
binding regulations for landslide databases, because its associated legislative proposal for a
Soil Framework Directive is still not approved. According to the current proposal,
identification of risk zones will be required. For this landslide information from the EU
countries will be necessary. Therefore, the Soil Information Working Group (SIWG) of the
European Soil Bureau Network (ESBN) developed a set of “common criteria” (i.e.
occurrence/density of existing landslides along with a set of conditioning and triggering
factors) to identify these risk areas (Eckelmann et al., 2006) and they suggested using a nested
geographical approach based on “Tiers”. As currently no harmonised landslide databases are
available throughout Europe, the European Landslide Expert Group recommended carrying
out a pan-European landslide inventory by reviewing the data already available and including
at least information on the location and type of historical landslides, but if possible also on
date of occurrence, surface extent and direct impact (Hervas et al., 2007). The minimum
suggested information would then allow creation of a European landslide susceptibility map.

Hence, these preliminary recommendations of INSPIRE and the recommendation proposed by
the European Landslide Expert Group are more or less in agreement. In both cases, a limited
mandatory set of information to be included in the database is defined, while other
information can be provided too. In both cases the minimum set of information allows
assessment of landslide susceptibility, but not of hazard and risk.
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9 ANNEX A: QUESTIONNAIRE

The SafeLand project

SafeLand is a Large-scale integrating Collaborative research project funded by The Seventh
Framework Programme for research and technological development (FP7) of the European
Commission. The project team is composed of 25 institutions from 13 European countries. More
information can be found on http://www.safeland-fp7.eu/Introduction.html.

SafeLand will develop generic quantitative risk assessment and management tools and strategies for
landslides at local, regional and European scales and establish the baseline for the risk associated
with landslides in Europe, to improve the ability to forecast landslide hazard and detect hazard and risk
zones. Part of the research focuses on reviewing existing landslide databases and proposing
improvements for delineating areas at risk in agreement with the EU Soil Thematic Strategy and its
associated Proposal for a Soil Framework Directive, and for achieving interoperability and
harmonization in agreement with the INSPIRE European Directive.

What we would like to know from you

This questionnaire has been sent to you to survey the current situation of landslide databases in your
country. Given that the SafeLand project focuses on landslide risk assessment, there is a need to
know which landslide databases currently contain the information required for quantitative landslide
hazard and risk assessment (i.e. type, location, timing of landslide and, if possible, impact / damage).
Based on the results of this questionnaire, options for harmonization of landslide databases for
guantitative landslide hazard and risk assessment in the EU will be suggested. Hence, it is very
important to have a representative coverage of Europe.

For each country we contact SafeLand project partners of that country and we ask them to fill the
guestionnaire themselves (if they are able to do it) and/or to distribute the questionnaire to the
competent persons in their country or in a neighbouring country they collaborate with. In case
contacted persons do not speak English, we ask the project partners to help them filling in the
guestionnaire or to translate the questionnaire.

This questionnaire

The questionnaire consists of 10 short sections and it will take approximately 45 minutes to complete
it. A short glossary can be found at the end of this document. We ask you to return this questionnaire
to the SafelLand project partner from your country from whom you received it or to us if we directly sent
it to you. If, for any reason, you are unable to send it to the project partner of your country, please
send the questionnaire back to us via E-mail or via postal mail (see below). We kindly request you to
return the questionnaire before May 15, 2010. For questions regarding this questionnaire please send
an E-mail to miet.van-den-eeckhaut@jrc.ec.europa.eu with contact details.

Contact persons and contact address

Javier Hervas (javier.hervas@ijrc.ec.europa.eu) and Miet Van Den Eeckhaut (miet.van-den-
eeckhaut@jrc.ec.europa.eu)

Land Management and Natural Hazards Unit, Institute for Environment and Sustainability
Joint Research Centre (JRC) - European Commission

21027 Ispra (VA), ltaly

Tel +39 0332786289
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1. Contact information

Your Name:

Telephone number:

E-mail address:

Institute / Governmental body / company:
Address:

Country:

2. Database availability

Is there a landslide database available for your country?

[] Yes, we have / are preparing a national landslide database. Please continue answering the
guestionnaire.

[ Yes, we have / are preparing (a) regional landslide database(s). Please continue answering the
guestionnaire.

] No, we do not have / are not preparing a national or regional landslide database. In this case, you
are not able to fill in the questionnaire. We thank you for your collaboration.

Note: If you can provide information or are responsible for more than one landslide database, please
fill in this questionnaire for each of the databases.
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3. General information of landslide database

Name of the country / region for which the
database is prepared

Official name of the database

Approximate area covered by the database
(km?)

Which institute owns the database?
Who is the contact person?

Which institute produced the database?

Is the landslide database an official *
document?

[ Yes, it is a regulatory/compulsory document
indicated by force in a law?

[ Yes, but it is not a regulatory/compulsory
document indicated by force in a law?

[]No

Which language is used in the database?

When was the database first created?

When was the database last updated?

What is the recurrence for updating the
database?

[] Original database is not updated

[] Database is updated after a major landslide
triggering event

[] Database is updated each year

[] other:

What is the time period of landslide events
covered by the database?

Does the database contains features other
than landslides? (e.g.** floods, sinkholes,
avalanches)

[ Yes, please specify
1 No

How many landslides (active, dormant and
relict) are currently included in the
database?

What is the completeness of the database
(estimate in %)?

[] < 25% of the existing landslides
[] 25 - 50 % of the landslides

[] 50 - 75% of the landslides

] > 75% of the landslides

* Official: document made by a government entity, such as a ministry, a mapping agency, the army or

other, regardless of their possible availability to the public or their possible use only for internal

purposes

** @.g.: example given
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What is the proportion of Finland that is
affected by the landslides included in the
database?

Could you please estimate the proportion

of Finland that is affected by landslides (i.e.

not only the area affected by the landslides
currently included in database, but the total
area in Finland that is estimated to be
affected by landslides)?

Is the database used for landslide
susceptibility, hazard or risk mapping or
other applications by your institute of by
another institute? If yes, please specify the
application and the responsible institute.

[] Susceptibility
] Hazard
[1Risk

[] Other,

(please specify)
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4. Content of landslide database

What type of information is available? (1/2)
(For each type of information, the second column can only be filled in if information in first column
is available)

What is the scale?
What is the reference coordinate system?
Is there information on the positional accuracy?
[1yes/[1no/[]1don’t know
If yes, please explain
How are landslides represented on the map?
[] Point
[] Line
] Closed polygon
] Combination of points, lines and polygons (depending
on landslide size and mapping/visualisation scale)
[ Landslide inventory map [] other:
How was this map produced? (Please indicate all techniques
used)
[ Field survey
[] Historical documents (e.g. newspapers, technical
reports, scientific papers, parish chronicles)
] Aerial photograph interpretation
[] LIDAR (Light Detection and Ranging) derived images
[] Satellite remote sensing
] Airborne remote sensing, other than aerial photos and
LiDAR
[] Other:

How is landslide location reported in the database? (More than
one category can be selected)

[] Coordinates

] Municipality

] Province / County

[] other:

[] Landslide location

Which landslide classification is used? (e.g. Cruden and Varnes,
1996)

[1 Type of landslide Which landslide types are distinguished?

] Displaced volume

[ Affected area

[ Length

] width

[ Travel angle (i.e. Length / Height)
] Height (from top to toe)

] Depth of surface of rupture

[] other:

[] Landslide dimension
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What type of information is available? (2/2)
(For each type of information, the second column can only be filled in if information in first column
is available)

[] Lithology and / or structure
] Hydrogeology (e.g. presence of springs and/or ponds)

[] Geo-environmental [] Land use

characteristics at landslide ] Slope gradient

site ] Slope aspect
] Slope curvature
[] Other:

Triggering factor is included for

[] None of the inventoried landslides
[] Triggering event or cause |[] < 25% of the landslides

of landslide [] 25 - 50 % of the landslides

[] 50 - 75% of the landslides

[] > 75% of the landslides

[] Information on initiation date

] Information on reactivation date(s) (e.g. for old landslides)

[ Information on initiation and reactivation dates (Multi-temporal
information)

[] Landslide date / history Landslide history is available for

] None of the inventoried landslides
[] < 25% of the landslides

[] 25 - 50 % of the landslides

[]150 - 75% of the landslides

[] > 75% of the landslides

Which activity classes are distinguished (e.g. active, reactivated,
[] Landslide activity suspended, dormant, relict, inactive)?

Consequences are included for

[] None of the inventoried landslides

[] < 25% of the landslides

[] 25 - 50 % of the landslides

[] 50 - 75% of the landslides

[] > 75% of the landslides

If included, please specify how landslide damage is described
(e.g. very detailed description with monetary value of damage
and/or reparation cost)

[] Consequences
(i.e. victims and estimate of
damage)

] Photographs

] Monitoring data or physical properties from field and/or
laboratory tests (even if locally for a limited number of landslides
[] Other: only). Please specify :

[ Bibliographic references (e.qg. historical documents, reports or
scientific papers)

[] other:
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5. Format of landslide database

[ Digital, a spatial database in a GIS
[] Digital, an alphanumeric database

In which format is the database currently ] Digital, a spatial database in a GIS linked to an
available? alphanumeric database (i.e. relational database)
L] Other digital:
L] Paper
L . . ) ] ArcGIS
If digital, which spatial software is used? [] Other GIS:
. . . , [] Oracle
If digital, which alphanumeric software is [ Microsoft Access
?
used: [] Other software:
If paper, which type of document is [] Datasheets
available? ] Maps

6. Conditions to access and use of landslide database

[] General public

[] Administration

[] Scientific purposes
[] other:

The landslide database is accessible to?

[ Is accessible for consultation only (not
downloadable)

[ Is downloadable free of charge under any
condition

[ Is downloadable by paying

[] Can be used without specials conditions
[] Can be used under certain conditions only
[11don’t know

The landslide database
(It is possible to indicate two boxes; i.e. one
for accessibility and one for use

Please (if existing) list the weblink to the
landslide database.
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7. Information related to INSPIRE

INSPIRE is an EU directive to establish an infrastructure for spatial information in Europe that will help
to make spatial or geographical information more accessible and interoperable for a wide range of
purposes supporting sustainable development (http://inspire.jrc.ec.europa.eu).

In the beginning of November 2009, a call for Expression of Interest for participation in the
development of INSPIRE data specifications for Annex Il & Il Data Themes was launched
(http://inspire.jrc.ec.europa.eu/index.cfm/pageid/2). One of Annex Il Data Themes considers “Natural
risk zones”, among which landslides. Hence, in the near future implementing rules laying down
technical arrangements for interoperability and harmonisation of landslide databases will be
developed.

(If this is the responsibility of somebody else in your institute or organisation, please contact him/her

for helping you answer these questions.)

Is the metadata of the landslide database complying |[] Yes
with INSPIRE metadata regulations? [ 1 don't know
(http:/finspire.jrc.ec.europa.eu/index.cfm/pageid/101) | [] No
Is the landslide database provided through / stored [ Yes
in a network following the INSPIRE network services [ 1 don't know
(e.g. viewing, discovering, downloading)? [] No
(http://inspire.jrc.ec.europa.eu/index.cfm/pageid/5)
[ Yes, as Legally Mandated Organisation
(LMO%)
Is your institute currently registered as an INSPIRE |[] Yes, as Spatial Data Interest Community
stakeholder? (SDIC*)
[]1don’'t know
[]No
[ Yes, as Legally Mandated Organisation
(LMO%)
Is your institute willing to register as an INSPIRE [ Yes, as Spatial Data Interest Community
stakeholder? (SDIC*)
[] 1 don’t know
[ No
Is your organization willing to participate in the real
testing or reviewing of a draft of the INSPIRE Data |[] Yes
Specifications related to the spatial data theme ] 1 don’t know
“Natural Risk Zones” when it is developed by the 1 No
Thematic Working Group?

* SDICs typically are networks of data producers, transformers and users, whereas LMOs are
responsible in the Member States for one or more components of the INSPIRE Directive

(http://inspire.jrc.ec.europa.eu/documents/Data_Specifications/INSPIRE_DataSpec_ToR_Annexll_lIl.p

df)
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8. Availability of other databases for landslide hazard and risk assessment

The European Commission Proposal for a Framework Directive for the protection of soil has identified several factors (‘common criteria or elements’) that can

be used for landslide hazard assessment. Please indicate which information is available in your country.

(Please note that another element, namely the occurrence/density of existing landslides, was already the main object of previous questions).

Ol el SIEIE Official name of
Common Criteria Landslides Map available data Map scale | resolution Date /datab d ref
available map/database and reference

Topography [ Yes, please specify: [ digital /] paper
Lithology 1 Yes, please specify: [ digital /] paper
Soil properties [ Yes, please specify: [ digital /] paper
Land cover [ Yes, please specify: [ digital /] paper
Land use (including land
management, farming [ Yes, please specify: [ digital /] paper
systems and forestry)
Climate

Precipitation (liquid/solid) |[] Yes, please specify: [] digital /] paper ]

Temperature [ Yes, please specify: [ digital /] paper ]

Other: ] Yes, please specify: [ digital /] paper ]

] Yes, please specify: [ digital /] paper ]

Seismicity

Magnitude ] Yes, please specify: [ digital /] paper ]

Intensity [ Yes, please specify: [] digital /[[] paper ]

Peak ground acceleration |[] Yes, please specify: [ ] digital /] paper ]

Other: [ Yes, please specify: [] digital /[[] paper ]

[ Yes, please specify: [] digital /[] paper ]
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For landslide risk assessment additional information is necessary. Please indicate which information is available.

Common Criteria Landslides

] Digital map is available or the map can be produced by linking the data to a location (e.g.

[] Elements at risk municipality) in a GIS
(buildings, engineering works,

economic activities, public services - Spatial resolution:
utilities, infrastructure and - Map scale:
environmental features) - Date:

- Official name and reference:

] Digital map is available or the map can be produced by linking the data to a location (e.g.
individual building, municipality) in a GIS

- Spatial resolution:
- Map scale:
- Administrative level for which data is available
] Population data ] Country
(absolute number and population ] Province or County
density) 1 Municipality
] Quarters within municipalities
[] Street
[ Individual buildings
[] other:
- Date:
- Official name and reference:
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9. Additional information

— Please send us, together with the filled-in questionnaire, an example of a database sheet or
attribute table and an excerpt of the landslide inventory map (with legend).

— Please provide us additional information that, according to your experience, could be useful for the
overview of European landslide databases. (e.g. Please mention if the landslide database is
restricted to a specific type of landslides, to active or recent landslides, or to landslides causing
significant damage, and hence pays less attention to inventorying other types of landslides)

10. Glossary
(Glade et al., 2005; Fell et al., 2008)*

Consequence — The outcomes or potential outcomes arising from the occurrence of a landslide
expressed qualitatively or quantitatively, in terms of loss, disadvantage or gain, damage, injury or loss
of life. In other words, the effects usually (but not always) negative or adverse resulting from hazard.
Negative consequences may be referred to as losses or costs involving both economic and non-
economic values.

Elements at risk — The population, buildings and engineering works, economic activities, public
services utilities, infrastructure and environmental features in the area potentially affected by
landslides.

Landslide hazard — (Not to be confused with landslide susceptibility) The probability of occurrence of
a potentially damaging landslide with a certain magnitude within a specified period of time and within a
given area. The description of landslide hazard should include information on the location, the period
of time and the magnitude (i.e. volume or area, velocity) of the event. In other words, the probability of
a landslide occurring in a unit of time. This probability varies with the magnitude of the event.

Landslide inventory — Information of the location, classification, volume, activity and date of
occurrence of landslides.

Landslide risk — A measure of the probability and severity of an adverse effect (a landslide) to health,
property or the environment (i.e. the elements at risk). In other words, it is the expected degree of loss
due to a landslide with a certain magnitude within a specified period of time and within a given area.

4 Fell, R., Corominas, J., Bonnard, C., Cascini, L., Leroi, E. and Savage, W.Z. on behalf of the JTC-1 Joint Technical
Committee on Landslides and Engineered Slopes (2008). Guidelines for landslide susceptibility, hazard and risk zoning for
land use planning. Engineering Geology 102, 85-98.

Glade, T, Anderson, M.G. and Crozier, M. J., (Eds.) Landslide Hazard and Risk. Wiley, Chichester.
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10 ANNEXB

Albania

: LIST OF CONTACT PERSONS AND ORGANISATIONS

Contact Person
e-mail

Institute

Address

Name of database

Mimoza Jusufati,
Jusufati2000@yahoo.com

Albanian Geological Survey
Rr.Kavajes, Nr.153, Tirane, Albania
Landslide database of Albania

Andorra

Contact Person
e-mail

Institute
Address

Name of database

Montserrat Mases Cober6

mmases.cenma@;iea.ad

Andorran Research Institute

Av. Rocafort, 21-23. Edifici Moli, 3 pis. AD600 Sant Julia de Loria, Andorra
Natural Hazard Database of Andorra

Contact Person

Xavier Planas Batlle

e-mail
Institute
Address

Name of database

e-mail xplanas@andorra.ad

Institute Government of Andorra

Address Ministeri d’Ordenament Territorial, Cami de la Gral s/n, Andorra

Name of database Geotechnical and Geological Hazard Map of Andorra
Austria

Contact Person Arben Kociu

e-mail arben.kociu@geologie.ac.at

Institute Geological Survey of Austria

Address Neulinggasse 38, 1030 Vienna, Austria

Name of database GEORIOS

Contact Person Franz Goldschmidt

Franz.Goldschmidt@ktn.gv.at

Geology and Soil Department Carinthian Provincial Government
FlatschacherStraBe 70, 9021 Klagenfurt

Landslide Event Cadastre (Carinthia)

Belgium

Contact Person
e-mail

Institute
Address

Name of database

Liesbeth Vandekerckhove
liesbeth.vandekerckhove@]lne.vlaanderen.be

Environment, Nature and Energy, Flemish Government, Belgium
Koning Albert II-laan 20, bus 20, Brussel

Mapped landslides in Flanders

Bosnia and Herzegovin

QD

Contact Person
e-mail

Institute
Address

Name of database

Hazim Hrvatovi¢

zgeobih@bih.net.ba (hazim.hrvatovic@yahoo.com, geologijabih@yahoo.com)
Federal Geology Survey

Ustanicka 11, 71210 Ilidza, Bosnia and Erzegovina

The engineering-geology map Federation of Bosnia and Herzegovina
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Bulgaria

Contact Person
e-mail

Institute
Address

Name of database

Nikolai D. Dobrev

ndd@geology.bas.bg

Geological Institute, Bulgarian Academy of Sciences
Acad. Georgi Bonchev str., block 24, 1113 Sofia, Bulgaria
Map of landslides

Contact Person

Kiril Anguelov

e-mail angelov@bondys.bg; dimitar@bondys.bg

Institute BONDYS Ltd

Address Sofia 1700, Vitosha Residential Estate, 11 “Prof. G. Zlatarski” Str

Name of database Map of landslides
Croatia

Contact Person Zelko Miklin

e-mail zeljko.miklin@hgi-cgs.hr

Institute Croatian Geological Survey

Address Sachsova 2, 10001 Zagreb, Croatia

Name of database Landslide register of Urbanised areas of the city of Zagreb
Cyprus

Contact Person Maria Efthymiou

e-mail director@gsd.moa.gov.cy

Institute Geological Survey Department of Cyprus

Address 1 Lefkonos, 1415 Nicosia, Cyprus

Name of database

No landslide database available

Czech Republic

Contact Person
e-mail

Institute

Address

Name of database

Zuzana Krejci

zuzana.krejci@geology.cz

Czech Geological Survey

Leitnerova 22, Brno 658 69, Czech Republic
National Landslide Register

Estonia

Contact Person
e-mail

Institute
Address

Name of database

Marko Kohv

marko.kohv(@ut.ee

University of Tartu, Department of Geology
Ravila 14a, Tartu, Estonia

Landslides near Parnu town

Finland

Contact Person
e-mail

Institute
Address

Name of database

Raimo Sutnen, Philipp Schmidt-Thomé
raimo.sutinen@gtk.fi; philipp.schmidt-thome@gtk.fi
Geological Survey of Finland

Betonimiehenkuja 4, 02150 Espoo, Finland

No landslide database available

Grant Agreement No

Safeland - FP7
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Former Yugoslav Rep. of Macedonia

Contact Person
e-mail

Institute
Address

Name of database

Milorad Jovanovski
jovanovski@gf.ukim.edu.mk
University Sts. Cyril and Methodius, Civil Engineering Faculty

blvd Partizanski odredi 24 P.O.Box 560, 1000, Skopje, Former Yugoslav Rep. of
Macedonia
Landslide cadastre for each section of engineering geological maps in the country

France

Contact Person

e-mail

Institute
Address
Name of database

Jean-Philippe Malet

jeanphilippe.malet@eost.u-strasbg.fr (for contact person of BDMvT at BRGM:
mvt@brgm.fr)
CNRS — School and Observatory of Earth Sciences

5 rue Descartes, F-67084 Strasbourg Cedex
National Database of Ground Movements (BDMvT)

Germany

Contact Person
e-mail

Institute

Address

Name of database

Christoph Starke

Christoph.Starke@smul.sachsen.de

Saxon State Office for Environment, Agriculture and Geology
Pillnitzer Platz 3, 01326 Dresden, Germany

Landslide Database of Saxony

Contact Person
e-mail

Institute

Address

Name of database

Andreas v.Poschinger
Andreas.Poschinger@lfu.bayern.de
Bavarian Environment Agency (LfU)
Lazarettstr. 67, 80636 Miinchen, Germany
GEORISK (Bavaria)

Contact Person
e-mail

Institute

Address

Name of database

Clemens Ruch

clemens.ruch@rpf.bwl.de (Ralph.Watzel@rpf.bwl.de)

Freiburg Regional Council, Regional Office for Geology, Raw Materials and Mining
Kaiserstuhlstr. 28, D-79106 Freiburg i. Br.

In progress, questionnaire was not filled in for this reason

Contact Person
e-mail

Institute

Address

Name of database

Michael Rogall

michael.rogall@lgb-rlp.de

Regional Office for Geology, Raw Materials and Mining
Emy-Roeder-Str. 5, 55129 Mainz, Germany

Not yet specified (State of Rheinland-Pfalz)

Greece

Contact Person
e-mail

Institute

Address

Name of database

Eleftheria Poyiadji

kynpo@igme.gr

Institute of Geology and Mineral Exploration (IGME)
1, Sp. Loui, GR 13677 - Acharnae, Greece
Geodatabase I.G.M.E./ eng_geol/ ground_failures
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Hungary

Contact Person
e-mail

Institute
Address

Name of database

Tamas Oszvald

tamas.oszvald@mbfh.hu

Hungarian Office for Mining and Geology

H-1145 Budapest, COLUMBUS U. 17-23, Hungary
National Landslides Cadastre

Iceland

Contact Person
e-mail

Institute
Address

Name of database

Jon Kristinn Helgason

jonkr@vedur.is

Icelandic Meteorological Office (IMO)
Sudurgata 12, 400 fsafjéréur, Iceland
OLI

Ireland

Contact Person
e-mail

Institute
Address

Name of database

Ronnie Creighton

ronnie.creighton(@gsi.ie

Geological Survey of Ireland

Beggars Bush, Haddington Road, Dublin 4, Ireland
National Landslides Database

Italy

Contact Person
e-mail

Institute
Address

Name of database

Alessandro Trigila

alessandro.trigila@isprambiente.it

ISPRA - Institute for Environmental Protection and Research
Via Vitaliano Brancati , 48 - 00144 Roma, Italy

IFFI Project

Contact Person
e-mail

Institute
Address

Name of database

Federico Agliardi, Giovanni B. Crosta
federico.agliardi@unimib.it

University of Milano-Bicocca

Piazza della Scienza, 4 — 20126 Milano, Italy

Alpine Inventory of Deep-Seated Gravitational Slope Deformations (Northern Italy)

Contact Person
e-mail

Institute

Address

Name of database

Veronica Tofani

veronica.tofani@unifi.it

Department of Earth Sciences, University of Firenze
Via La Pira, 4, 50121 Firenze, Italy

Landslide inventory of the Arno river basin

Contact Person
e-mail

Institute
Address

Name of database

Frederico Baistrocchi
baistrocchi.federico@autoritabacinosarno.it
Sarno River Basin Authority, Italy

P.A.T (Provinces of Avellino and Salerno) and P.A.I (Province of Napoli)
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Contact Person
e-mail

Institute
Address

Name of database

Vera Corbelli

Vera.Corbelli@autoritadibacino.it

National Basin Authority of Liri-Garigliano and Volturno rivers
Viale Lincoln (ex Zona Saint Gobin) - 81100 Caserta, Italy

Landslide inventory of basin of Liri-Grarigliano and Volturno Rivers

Contact Person
e-mail

Institute

Address

Name of database

Michele Vita
mivita@regione.basilicata.it

National Basin Authority of Basilicata
Corso Umberto I, 85100 Potenza, Italy
P.A.IL of AdB Basilicata

Contact Person
e-mail

Institute
Address

Name of database

Antonio Rosario Di Santo

segreteria@adb.puglia.it

National Basin Authority of Puglia

C/o InnovaPuglia s.p.a. -S.P. per Casamassima, km 3, 70010 - Valenzano (BA), Italy
1. P.A.L of Puglia, 2. Hydrogeomorphological map of Puglia and

3. Landslide Database of Puglia

Montenegro

Contact Person
e-mail

Institute

Address

Name of database

Zvonko Tomanovié
zvonko@ac.me

University of Crne Gore
Montenegro

No landslide database available

The Netherlands

Contact Person
e-mail

Institute

Address

Name of database

Cees van Westen

westen@itc.nl

University Twente, Faculty of Geo-Information Science and Earth Observation (ITC)
PO Box 6, 75000 AA Enschede, The Netherlands

No landslide database available

Norway

Contact Person
e-mail

Institute

Address

Name of database

Thierry Oppikofer, Reginald Hermanns

thierry.oppikofer@ngu.no, reginald.hermanns@ngu.no, kari.sletten@ngu.no
Geological Survey of Norway (NGU)

Leiv Eirikssons vei 39, Postboks 6315 Sluppen, NO-7491 Trondheim, Norway
National Landslide Database

Poland

Contact Person
e-mail

Institute

Address

Name of database

Dariusz Grabowski
dariusz.grabowski@pgi.gov.pl

Polish Geological Institute

Rakowiecka 4 Street, 00-975 Warsaw, Poland
SOPO

Grant Agreement No.: 226479

Safeland - FP7

Page 80 of 109




23

Overview of European landslide databases

Rev. No: 1
Date: 2011-08-08

Portugal
Contact Person Jose Luis Zézere
e-mail zezere@campus.ul.pt
Institute Centre of Geographical Studies
Address Alameda da Universidade, 1600-214 Lisboa, Portugal
Name of database North of Lisbon Landslides
Romania
Contact Person Raluca Maftei
e-mail mafteir@yahoo.com
Institute Geological Institute of Romania
Address 1 Caransebes, sect.1, 012271, PO 32, Bucharest
Name of database Landslide inventory of Prahova, Arges, Dambovita, Valcea and Buzau County
Serbia
Contact Person Djordje Trbojevic
e-mail djtrbojevic@gis.co.rs, office@gis.co.rs
Institute Geological Institute of Serbia
Address Belgrade, Rovinjska 12, Serbia

Name of database

Cadastre of landslides and unstable slopes on the territory of Serbia

Contact Person
e-mail

Institute
Address

Name of database

Branislav Trivi¢

btrivic@rgf.bg.ac.rs

University of Belgrade, Faculty of Mining and Geology
Belgrade, Djusina 7, Serbia

BEOSIide (Belgrade area)

Slovakia

Contact Person
e-mail

Institute
Address

Name of database

Pavel Lis¢ak

pavel.liscak@geology.sk; Liscak@fns.uniba.sk
SGUDS, Geological Survey of the Slovak Republic
Mlynska dolina, 81704 Bratislava, Slovakia

Atlas Zosunov, on the SGUDS website: Register zosunov (landslide register)

Slovenia

Contact Person
e-mail

Institute
Address

Name of database

Marko Komac

marko.komac@geo-zs.si; urszr@urszr.si

Geological Survey of Slovenia

Dimiceva ulica 14, SI - 1001 Ljubljana, Slovenia

GIS_UJME (Landslide Database is a part of a larger database)

Spain

Contact Person
e-mail

Institute

Address

Name of database

Juan Carlos Garcia Lopez-Davalillo / Mercedes Ferrer Gijon
je.garcia@igme.es; m.ferrer@igme.es

Geological and Mining Institute of Spain (IGME)

¢/ Ciril Amords 42 Entreplanta; 46004 Valencia, Spain
Spanish Database of Geological Hazards

Grant Agreement No.: 226479

Safeland - FP7

Page 81 of 109




23

Overview of European landslide databases

Rev. No: 1
Date: 2011-08-08

Contact Person
e-mail

Institute

Address
Name of database

Jordi Corominas
jordi.corominas@upc.edu

Department of Geotechnical Engineering and Geosciences. Technical University of
Catalonia.
Jordi Girona 1-3, Campus Nord UPC. D-2 Building, 08034 Barcelona, Spain

LLISCAT (Catalonia and Andorra)

Contact Person
e-mail

Institute

Address

Name of database

Jorge David Jiménez Peralvarez

jorgejp@ugr.es

University of Granada

Upper School of Civil Engineering, C/ Severo Ochoa S/N. 18071 Granada, Spain
Landslides database of the Southern Slopes of Sierra Nevada, Granada

Sweden

Contact Person
e-mail

Institute

Address

Name of database

Magnus Johansson

magnus.johansson@msb.se

Swedish Civil Contingencies Agency, Sector for Lessons Learning
MSB, 651 81 Karlstad, Sweden

Swedish Natural Hazards Information System

Contact Person
e-mail

Institute

Address

Name of database

Ann-Christine Hageryd
ann-christine.hageryd@swedgeo.se

Swedish geotechnical institute (SGI)

Olaus Magnus vég 35, 581 93 Linkdping, Sweden
SGI Landslide Database

Switzerland

Contact Person
e-mail

Institute

Address

Name of database

Hugo Raetzo / Bernard Loup
bernard.loup@bafu.admin.ch

Federal Environmental Office (OFEV)
3003 Bern, Switzerland

Infoslide

United Kingdom

Contact Person
e-mail

Institute

Address

Name of database

Claire Foster

cfoster@bgs.ac.uk

British Geological Survey

Kingsley Dunham Centre, Keyworth, Nottingham, Nottinghamshire, NG12 5GG, UK
National Landslide Database
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11  ANNEX C: ILLUSTRATIONS OF NATIONAL LANDSLIDE
DATABASES

This annex includes examples of national landslide databases sent by the contact persons or
taken from the publically accessible website.

The annex does not provide examples for all European countries. We apologise to those
contact persons that have sent us some additional information that is not included in the
report, and refer also to the weblinks to the national and regional landslide databases included
in this overview (Tables 4.1 and 4.2).
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11.1 ALBANIA

Screenshot of a landslide inventory map and linked datasheet of Albanian Geological

Survey’s landslide database.
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11.2 ANDORRA

Excerpts of the natural hazards database of Andorra (Base de dades de riscos naturals
d’Andorra) in Microsoft Access (http://www.cenma.ad/mbaseriscos.htm).

B Microsoft

[Ri

Ele Edt Yew [mert Fomot fecords ool Window Help  Adobe PDF
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|

BT R AN R AN AR AT VAT W= Rt Y |

cenma .

BASE DE DADES
RISCOS NATURALS D'ANDORRA

Titular: [Motician

Titwlar2: r

Bats: 01 March 1935 Perindier
Datadelsis [ [Andorra Agricoln ™

Risc: [Esttavissament ~ Fenomen: [Manura ]

Tamany naticia; [2 pagines ~  Pambquia: [LaMassana -
Tipus noticia: [drecte ¥ Mida delrise; [poetual v
Localitzacié: ICmtera de la Massana, prop del poblet del Pui

0
Danys materials: ICarmera tallada uns quants dies
. .
Cangué una esllavissada mponent prop del poblet de Put a la carretera de la
ssana Fou motiu que per uns quants dies restés la carretera interceptada.

ER AN Y NN TR (TR R Al NS s BN |
Periddic: | Parrbuia [Tamanz dela notlc\a:[ Data del isc: | Risc: | Fenomen: [ Tipus noticia: | Localitzacié: [Tamany del risd Num ferits: | Nim mons: [Danys material] Comentaris:

|__|El Periddic dAndo  Encamp Un quart de pagine Moviment del terreny Natural associada Zona del Pedral puntual o 0 Esquerdes en v Els veins del Py
[ |nformacions Encamp Molt brey Moviment del terreny  Natural associada  Zona del Pedral puntual o 0 Importants esqu Els veins de el
[ | piari gandorra La Massana Mitja pagina Moviment del terreny  Antrapic associada  Bordes a la car puntual i 0 Bordes molt da El Tribunal de E|
|__|Dian d’Andarra Encamp Mitja pagina Maviment del terreny Natural associada Zona del Pedral puntual [1} 0 Grans esquerds Els veins de l'eg
|| Dian diAndorra La Massana Tota la pagina Moviment del termeny Antrapic directe Set bordes 3 la puntual a 0 28 persones afe Set families sh
|| Poble Andarra La Massana Tota la pagina Moviment del terreny Antrapic associada Set bordes a la puntual a 0 20 veins desallc Se celebrara I'a
|| piari dandorra Andona la Vella Tota la pagina Moviment del tereny  Antrapic directe Un edifici del cz puntual 1] 0 Fonaments gre: Les obres d ci
[ | Diari gAndorra Encamp Mitja pagina Moviment del tereny  Natural associada  Zona del Pedral puntual i 0 Nombroses esc Un dels promat
|| Dian d'Andorra Encamp Portada Moviment del termeny Natural associada Zona del Pedral puntual o 0 Cost de les obr Els veins de l'ef
|__|Poble Andarrd La Massana Mitja pagina Maviment del terreny Antrbpic associada Set bordes a la puntual o 0 Greus desperfe Cinc mesos de-
|__| Diani d’Andoma Encamp Mitja pagina Moviment del tereny Natural associada Zona del Pedral puntual a 0 Esquerdes en ¢ El Govem incre
|__|Poble Andorra Andoma la Vella Un quart de paging Moviment del terreny Antrispic directe Carretera de la puntual 1] 0 El moviment ha Moviments de t
|__|Diari d’Andorra Andoma la Vella Tota la pagina Moviment del terreny Antropic associads Edifici Cuberes puntual 0 0 Grans esquerde Les obres d'apy)
|| Poble Andorrd La Massana Mitja pagina Moviment del terreny Antripic associada Set bordes a la puntual 1] 0 Bordes molt gre Tres mesos deg
|__|El Periddic dAndo  Encamp Molt breu Moviment del termeny Natural associada Sold dEncamp puntual 1] 1] Al Sold dEncar
|__| Diari d’Andorra La Massana Mitja pagina Movirment del terreny Antripic associada Set bordes a la puntual a 0 Greus desperfe Les set familie]
[ | Diari dAndomra La Massana Mitja pagina Mavirent del terreny Antrapic associada Set bordes a la puntual 0 0 Bardes molt gre El judici de les
[ | Diari dAndomra Ording Mitja pagina Moviment del tereny Antrpic associada Urbanitzaci de puntual 0 0 Vial daccés a | Els veins de la
|__|Poble Andorra La Massana Un quart de pagine Moviment del termeny Antropic associada Bordes a la car puniual o 0 Bordes malt afe El Tribunal de C}
[ | viari dandorra La Massana Tota la pagina Moviment del terreny  Antrapic associada Sat bordes de | puntual i 0 Grans danys m El cas de les si
[ viari gandarra La Massana Mitja pagina Moviment del tereny  Antrapic associada Set bordes a la puntual [i 0 Greus desperfe E| Tribunal de C
[|Ei Periddic dinde  Encamp Un quart de pagins Moviment deltereny  Natural associada  Zona del Pedral puntual a 0 Esquerdes en ¢ E| Govem ha de
[ iari dandorra Encamp Tota I3 pagina Moviment del tereny  Natural associads  Zona del Padral puntusl [ 0 Esquerdes en v E| batlle haurd |
|| Diani d'Andorra La Massana Tota la pagina Moviment del termeny Antrapic directe Gasolinera Ess puntual [1} 0 Greus despere La gasolinera s
|| €l Peribdic dAndo  Encamp Portada Moviment del tereny  Natural associada  Zona del Pedral puntual 1 0 Esquerdes en v Una companyia
[ | informacions La Massana 2 pagines Moviment del tereny  Antropic associada  Sat bordes a la puntual 1] 0 Graus desperda Un dels veins q
[ | wformacions La Massana Tota la pagina 30/11/1992 Moviment del terreny  Antrapic associada Les Boigues a | puntual [i] 0 Camrstera afectz Els estudis sob)
[ piari gndorra Encamp Mitja pagina Maviment del tereny  Natural associada  Zona del Pedral puntual 0 0 Esquerdes en € Els 13 copropie)
|| iari dandorra Encamp Tota la pagina Moviment del tereny  Natural associada  Zona del Pedral puntual [ 0 Importants fisst Enors de prace
|| Diari d’Andorra Encamp Portada Moviment del termeny Natural associada Zona del Pedral puntual a 0 Esquerdes en ¢ Els desperfecte|
|__|Diari d’Andorra Encamp Un quan de paging Moviment del tereny Natural associada Zona del Pedral puntual ] 0 Esquerdes en v Diversos anquite}
|| Diari d’Andora Ordino Mitja pagina Moviment del terreny Antropic diracte Urbanitzacid C1 puntual 1] 0 Vial daccés a | Els veins de la
|__|Poble Andorrd La Massana Mitja pagina Moviment del termeny Antrbpic associada Set bordes a la puntual 1] 0 Greus desperfe El Tribunal de Ef
|| Diari d’Andorra La Massana Mitja pagina Maviment del terreny Antripic associada Set bordes a la puntual 1] 0 Decperfectes a Després del coil
|| Dian d’Andarra La Massana Mitja pagina 3071111992 Moviment del terreny Antropic associada Les Boigues, al puntual 1} 0 Carretera esque El perill potenci|
[ | Diari dAndorma Encamp Tota la pagina Moviment del terreny Natural directe Zona del Pedral puntual 0 0 Uns 150 pisos : En almenys B if
[ | Diari dAndorra La Massana Mitja pagina Moviment del terreny Antrapic associada Set bordes a la puntual 0 0 Bordes molt afe Després de la v|

Diari d'Andorra La Massana Tota la pagina Moviment del termeny Antrapic associada Set bordes de | puniual o 0 Grans desperfe El Tribunal de £}
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11.3 AUSTRIA

Excerpts of the English version of the Geological Survey of Austria’s mass movement

(Massenbewegungen) database
(http://geomap.geolba.ac.at/MASS/index.cfm; March, 2011).

i WIHSS IUI ovemen ES
[ X = L 7] q ‘
— | /) -.

@ Complex M t/Rock or soil creep
® Landslide
@ Rockfall/Rock Topple

Search for Place
Feldkirch

Select Region -_Voraﬁberg v

Feldkirch (Town {10 000 - S0 000 inhabitan
Feldkircher Hitte (single building and farms’

r o

B A 6 =4 -\l -
Information Mass Movements L 5
= Legend |
Layer @ Geology jBackground E Actual Scale:

These informations show only a reduced datasat of all the mass

C-A Geologische Bundesanstalt rnr:or\;.ml!lﬁl‘!nsgm Austria, and is net qualified for statistical evaluations

#m Mass Movements

Steinlehnen Gries im Sellrain

- | Number/OBJECTID
MB102 (OID: 1)
source of literature:
BMLFUW (2003); Bednarz, R. et al. (2005); Brueckl, E. et al.
(2008a); Henzinger, J. (2005); Robel, K. (2003); Zangerl, C.
u. Prager, Ch. (2005)
internet links:
http://epub.oeaw.ac.at/Oxc13a500d_0x001b7169.pdf
http://gpool.ifrz.at/gpoolexport/media/file/Jahresbericht_WLV_20(
region/country of austria:
Tyrol
date/epoch of the event (?):
seit Jahrhunderten, ab 22.06.03
type of massmovement:
Landslide

Contact: Department of Engineering Geology

[Grosses Bild]

|~
%2
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114 FLANDERS (BELGIUM)

As in about half of the EU countries, the landslide database (and classified landslide
susceptibility map) are included in a larger database, i.e. the database for the subsoil of
Flanders “Databank Ondergrond Vlaanderen; DOV”
(http://dov.vlaanderen.be/dov/DOVInternet/default.htm).

Information on the database can also be found in:

- Vandekerckhove, L., Vanthournout, L., Van Den Eeckhaut, M., Poesen, J., Vanwesenbeeck,
V., Van Damme, M., Boel, K., De Nil, K., De Rouck, T., Vergauwen, 1., 2009. Integrating
landslide information in the Flemish Subsoil Database (DOV). 6th EUREGEO European
Congress on Regional GEOscientific Cartography and Information Systems, Munich
(Germany), 9-12 June, 2009, pp. 4.

- Van Den Eeckhaut, M., Poesen, J., Vandekerckhove, L., Van Gils, M., Van Rompaey, A.,
2010. Human-environment interactions in residential areas susceptible to landsliding: the
Flemish Ardennes case-study. Area 42 (3), 339-358.

[ Yersimn da Fanct | Eom s Schast |.L wr [Eerstizear]
. L | Hozé.nkraﬁs \ - ‘%\

| b ome | - >

_‘.‘Oﬁ. néz&@um

b \

- automatically opens the attribute
table of the landslide

\— g -

oL T o v o e i o i e e i e
!mDD’jDDU;DD@DDDDBD

D1 g

it

i o e i

ooooo
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Excerpt of topographical and geological map.

Cone: 53

Ligging: Hekkebrugstraat
Gemeente: Oudenaarde
X = 97300

Y = 168430

Duidelijke grondverschuiving met een diep
schuifviak
Rotationele verglijding type |

Opperviakte (har 6,3
Lengte im): 330
Breedie (m): 240
Hoogte steilrand (m); 8
Diepte glijviak (mi: > 3

massabeweging:

Topogralische
kenmerken
van de site:

Gemiddelde helling site (m'm 0,14
Orié ntatie V

Kromming in plan: Recht
Kromming in profiel: Concaaf

Litholegic: Steilrand: Tt/ KoAn

Grondverschuiving: KoAa / KoMo

Bodem: Vergraven of verschoven lerrvin, slechi gedraineerde kleibodem

Figuur 1 : Uitsnede uit de topografische kaart (Bron: OC GIS-Visanderen, 2001)

Hydrografic: Bronniveau: Ja, tussen 60 en 65 m boven zeeniveau
Waterstagnatie / poelen: Nee

Onidergraving door beek: Nee

Opperviakkige afvoer van hellingopwaarts gelegen akkers? In

Landgebruik Bos

Historiek: Diatum van activatic / reactivatic: 1960, januari 1966, winter 1988, februan - maart 1995,
1996, winter 1997, 1999, januari 2003

(#le opmerkingen)

Menselijke
ingrepen:

Voor de reactivatie van 1995:

Ophogen van wegdek en terrein rond het vroegere huis van V. Desaedeleer, verwaarlozen
onderhoud grachien, oppervlakkige afvoer van ca. 10 ha groot lestroomgebied, graven van
vijvers, wegnemen van matenaal am de voet van de grondverschuiving in 2000

N de reactivatie van 1995:

In 2000 werden twee 2 m diepe afvoergrachien ge graven. Deze moeten de evacuatie van
zowel het bronwater als van de opperviakkige afvoer van de hellingopwaarts gelegen akkers
doorheen de aceumulaticzone van de grondverschuiving bevorderen

Locale info
Dov:

Recent werden door de Afdeling Geotechniek (Ministerie van de Vlaamse Gemeenschap) 6
sonderingen en 2 boringen uitgevoerd,

Opmerkingen: | Bijkomende informatie omtrent de historek van deze grondverschuiving: Van Den Eeckhaut

etal, (2003) en Van Den Ecckhaut et al. (in voorbereiding)

Excerpt of soil map and photographs of the site.

Figuur 3 : Uitsnede uit de bodemkaart (Bron: OC GIS-Viaanderen, 2001 eigen bewerking)

‘Carvograte: Van Don Eschtaut M Poosan. |

Foto 2 : Zicht op de hoofdsteilrand van GV. 5

3. Enkele jaren na de
een fris karakter: hij is zeer steil en onb id. Op de

liggen

Teactivatie vaj

n 1995 heefl deze steilrand nog
akkers.

Foto 12 Uitsnede luchtfoto (NG, 14/04/1995) van GV. 53. Ook GV. 75,76 en 109 zijn zichtbaar op de foto.
Indien de GV. niet teruggevonden worden kan gebruik gemaakt worden van Figuur 1 om ze te lokaliseren.

fosag Bl 15/0411

5)

(Poesen, J., 199
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11.5 CZECH REPUBLIC

Czech Geological Survey (CGS) Information Portal — Intranet —
http://www.geology.cz/app/dbsesuvy
(no public access, and in national language).

Start page

vl

J 4 Obilbend paloBiey I 53 %8 Navrhovand weby 3 | desktop | FreeHotmad  §8 Nawhovand weby = ] Web Sice Galery ~
£ - 5 et oologets - in... | G oo

Si4ixle s

|t = x|

[ % - B - 0 - Seiia e Zbemetei~ Nistoe - @ 7

|
Ceska geologicka sluzba .
9 9 a’;«"raner Dokumentace svahovych nestabilit (S.N.) ¢
| zuzana Krejé
e Dokumentace k aplikaci
| 1G dokumentace X Sy & . J L i )
| vibér listu Aplikace slou3i k pofizovani dokumentanich bodd papisujicich svahové nestability (S.M.). Je provézana s aplikaci pro pofizovani Inzenirsko-geologicks (1G). Pomodi
Na listu — aplikace Ize body pofizovat, doplfiovat, vyhleddvat, opravovat, mazat a pofizovat kopie. Lze téZ vytvafet dokumentaéni denk a jiné sumafe.
Novd dokumentace
| Novd philoha Novinky v poslednich verzich
| Chybovd sestava
| Sestava k listu Aplikace se postupné vyviji. v soufasné dobé jde o nedplnou verzi.
Hiedej pro editaci Verze 1.00: Implementace mapové é3sti pro prohlizeni, pouZita GIS data (20.11.2008)
| E Verze 0.993: textové vyhledavani, zlepeni prohlizeni 1G dokumentace, jméno autora pro fotodokumentaci, oprava chyb (24.6.2008)
| Seufadnice na - Verze 0.992: pfibliZné datumy, sestava k listu a chybova sestava, oprava ndvratu z popisu obrazové dokumentace, prehled pinéni databaze (19.6.2008)
| Import soufadnic Verze 0.991: Oprava fazeni, oprava prekiepd (29.5.2008)
Import s. ze SouborY || yerze 0,99: Zména vzhledu a ZlepSend menu, vy@isténi HTML kadu (27.5.2008)
| . Verze 0.98: Nahledy obrazkii a moZnost popi i fotods ace, uzivatelské i (5.3.2008)
| Prepot Fadni
| P;k';':w“ i Verze 0.97: Propejeni 16 dokumentace a svahovych nestabilit, barevné znatky (6.2.2008)
| Jeden bod Verze 0.96: Upravy pii vyberech listd, fefenl pfipominek k ndzvoslovi a dalSich pfipominek
[ vice boddl
Ze souboru C5V Porfizovani dokumentace
Hiedej fulltext Pii pofizovani dekumentagnich badi na uréitém mapovém listu je dobré zvelit tento list pomaci funkee "Vybér listu”. Ze seznamu mapovych listd, kterd smite editovat, si vyberte
ProhliZeni DB piisiugny list. S nim pak pracujete pfi vkladani & Gpravé zaznami.
Prohlizeni v mapé Pofizeni zdznamu svahové nestability:
| = Vyplni se (daje o lokalizadi zaznamu. Cervené znatené ddaje jsou povinné
| servis = Vyplni se atributové polaZky
= K uloZenému bodu lze pfipojit soufadnice
| K aplikaci i oo
Uzivatelskd = Klokalité, & k celému listu je moZno phipojit dali soubory s dokumentadi vyuZitim odkazd. Tyto soubory jsou pak vazany na dany objekt. MiZe jit o dokumentad, vysledky méfeni,
nastaveni mapky , atd. Pokud se philaZi soubor typu JPG (foto), aplikace zobrazuje jeho nahled.
! Napovéda
| Pripominkyikc
| Eiselnikadm|
| k aplikad
| ver, 1.00 -
| 20.listopgpu 2008 =
Pip: fonew: cafopp|Abseanyjdctbreh.gl [ [ [ [ [ [ Coviryhoded servery | Ghedntn redim: Vypouta fFa-[Rwow -

Statistic
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d pinéni databaze dokumentace

Windows Internet Explorer

2 Pi
m - EE: hittp://www.geology.cz/a;

J .7 Oblibené polazky J 5 @ Navihovené weby v 3 | desktop & | Free Hotmal @ ovrhované weby = 8 Web Sice Gallery =

vy/dokbpreh.pl

22| = | I Geské geologieks suzba-1n.. | # Googe

I (. slovnik.cz - Multiingual Dictio.... I [ Prehled pinéni databdze ... X I

i

| & -1

Ceska geo[ogicka"

sluzba

ntranet

Piehled pInéni databaze dokumentace S.N.

Zuzana Krejéi

IG dokumentace

Prehled plnéni databaze

Vyber listu Posledni bod pofizen 09.03.2010 15:56 .
Na listu - Lokalizace: 14178, atributy: 182977, Soufadnice: 5622
Nova dokumentace — - - -
Nov4 pfiloha Sestava k Ibhl_ u&zevlsu thllnd‘xmd,lm Aktual. | XYchybi;XYpfes dehl
Chybovd sestava 022321 1 i 31.02.09|1; detail
fuede;;r';h:;iutaci 022322 29 i 21.07.09|29; detail
—— 023218 10 3 22.07.09|10; detail
ﬁ::a:':::;:n; 023219 7 5 22.07.0837; detai
Import s. ze souboru 023220 24 5 24.07.09|24; detail
Piepotet soufadnic 023223 23 ii 24,07.09|23; deta
Pokyny 023224 39 g 26.04.09|39; detail
o 023225 2 ; 20.08.08|25; detail
Ze souboru C5V 023403 8 e 16.06.09 8; detail
023404 63 it 22.06.0963; detail
Hledej fulltext L —
023405 48 i 22.06.09 |48; detai
ProhliZeni v mapé 023406 4 2 16.06.09 4; detail
Prehled plnéni =
databdze 023407 27 i 16.06.09|27; detail
= 023408 12 i 16.06.09|12; detail
Servis
e 023409 58 i 24.06.09|58; detail
K aplikaci 023410 19 o 24.06.09 |19; detail
UZivatelské 023411 2 ¥ 01.06.09|2; detail
nastaveni =
Napovéda 923412 14 i 03.06.09|14; detail
Pfipominky k 023413 17 H] 14.06.09(17; detail
Seslnlin 414 H 23.06.09|23; i
Pripominky k aplikaci || (223414 22 i :06:09)25; detail
023416 El HE 17.06.09|3; detail
ver. 1.00 - o =
20.listopadu 2008 023417 11 i 20.06.09|11; detail
NI2410 2 . 17 NA MDD Ant=il
I geology.cz/app)t v ol

[T T T [ waveryhodnd servery [

Table including all landslides included in the digital landslide inventory map (1:10,000).
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Example of a data sheet

B EE
. Oblbend poloZky EEi-JE&-_‘ transakce Iq.mn.u IE -‘--‘...XI ”a"
Zuzana Krejé
G IE Aktualizovat ] I Kopie | E*_ Smaz | Preimenuj Zobrazeni bodu (denlk) VioZit soufadnice
Vybér listu
Na listu 02-32-23 & P Ly 5
e ol sneibaa Kod bodu u.l.. . |.slo n.n.apnveho listu (ZM) 253307 Mapovani sesuvl
Nova pfiloha Katastr Halenkovice Autor | Bl Michal 'rI
cristsmet | o
Hiedej pro editaci Halenkovice - U Svatych g
Soufadnice na 02- Popis
?2'2::’: Fadni Na okraji obce Halenkovice, ve smé&ru od Spytihnévi, dodlo v Eervenci 2003 k bleskové ;I
IEROEE B Ot AT povodni, kterd zanesla tuto Edst obce ornici do vyky 0,2 m. Extrémni sraZky spadly na
Import s. ze souboru povodi o ploge do 0,5 km2. Voda odtékala suchymi vdolimi. V obou pfipadech zpiisobila na
Fepot Fadni lomu spadu, ohraniujicim okraj udoli, erozi aZ do hloubky 1,5 m. PodloZi tvofi vsetinske
; elpoyet gasiadac vrstvy. Rozméry pfivalového proudu od zdrojové po akumulagni oblast Eini 450 x 100 m.
Jeden bod Svahova nestabilita samostatna =] Druh svahové nestabilty  [proudy =]
Vice bodi -
Ze souboru CSV Rozmer - déka (m) 450 Rozmér - §i7ka (m) 100
Rozmér - plocha (m?) Rozmér - objem (m?)
:m""‘“ﬁ‘ Vy2ka odluéné stény (m) Sklon svahu ve stupnich
eni = 4
POk e V003 Geologické zatiidéni ©Odhadnuta mocnost S.N,
Prehled pinéni ; Shiv - ] Posice S.N. T
datsbaze pldorysny tvar protahly (proudovy) ¥ osice S.N. [udolni uzavar =l
Typ svahové nestability [~ akumulace odvalového ficent Pasiv. faktory-podm. vzniku 7 litclogie
S I~ osyp ™ intenzivni zvétrani
K apliaci ™ zficeny blok ™ stavba Gzemi a jeho tektonicke poruseni
3
Uzivatelské [ odsedajici biok ™ netektonicka (napf. charakter vrstevnatosti) |
nastaveni ik
t
Napoveda ™ (sesuv) rotatni '
Priwml;sky k ™ (sesuv) plandrni
Giselnikim — -
Brpainiky Rapliad [~ (sesuv) rotaéné-plandmi
™ téleso hlubinného plouZeni
wver., 1.00 - &
30.Jistopadu 2008 I téleso piipovrchového plouZeni
™ sufovy proud (mura, dlomkotok..uvést v definic)
W zemni proud
™ bahnotok
™ nezjisténo
Aktivni faktory FF srazky a nasyceni vodou Materidl télesa S.N. @ zvétraliny, svahoviny nebo jiné nezpevnéné hominy
™ seizmické otfesy ™ skalni a poloskalni horniny
¥ zména geometrie svahu vodni erozi ™ antropagenni uloZeniny
[T zména geometrie svahu podkopanim ™ jiny matenial
[T jind antropogenni Gnnost
Vyvojové stadium ffaze d. [inicidlni =) Relativni stafi deformace  [Zerstvd - mladsi ne? 10 let v dobé kontroly =]
Stuped aktivity aktivni -l Sanatni opatfeni
PostiZzené objekty sad, pole, polni cesta OhroZené objekty
Kategorizace ohroZeni - Cislo geofondu |
Dokumentace viastni ~| Datum dokumentace v terénu: 01.01.2003 (tvar DD.MM.RRRR) Datum pfiblizné M
(pro pfiblizné datum uvadéjte 1. v mésici je-li zndm mésic, piipadné 1.1., je-li znam pouze rok)
=
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Excerpt of the landslide inventory map
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11.6  FRANCE

Excerpts of the French Geological Survey (BRGM)’s ground movement database of France

(http://www.bdmvt.net; March 2011).

P y—t_  Mouvements de terrain:

brgm “1[ = G“mm bulg, Sboulamente fRAJIeMRRLcouIdR. $108IRY.
Initialisation de la liste
a0 (i rani e st
7 s e domnie L . D
'ous pouvez accéder aux mouvement

Vous pouwvez

www.mouvementsdeterrain.fr

d'un département en sélectionnant le
département dans la liste déroulante
comespondante ou par un clic sur la care.

La sélection dune commune dans la liste
déroulante des communes, ne peut se faire
qu’apm avoir choisi un département (la liste
est restreinte au département

lélsch-nné:

Départements :
Hautes-alpes - (05)

Validez votre sélection avec ie boufon ci-dessous

Valider 1a sélection

Communes :

' Toutes les communes | HAUTES-ALPES (05) ¥
Type de mouvements :
Tous les types de mouvements ¥ |

Date de mise a jour des données : 21/02/2011

«Mouvements de terrain-

G‘*ﬁiim hy)memu Iament.eiRpdiement. coulde. S0sioq -

cette fiche

Page précédente

au format ASCIl.

Page d'accueil  Fiche détalliée  Exporer s fiche

(") Seul les champs qui contiennent des données sont affichés a 'écran
IDENTIFICATION

Type mouvement :

Degré de fiabilité sur le type :
Date début :

Degré de précision sur la date :
Département :

Commune principale :
Numéro Insee :

Lieu dit :

Coordonnées X saisi (m) :
Coordonnées Y saisi (m) :
Type coordonnées :

Précision X ¥ saisi :
Longitude (%)

Latitude () :

Glissement

Moyen

16/11/2002

Jour

Hautes-alpes - (05)
BARCILLONNETTE

05013

ROUTE FORESTIERE DES SELLES
885405

1942711

NTF Lambert 2 Centre carto/étendu
Kilométre

5,9193902015686
44.4268989562988

QUALITE : Fiabilite-Précision Exhaustivité

Degré de fiabilité de la fiche :
Précision/Exhaustivité de la fiche :

SOURCE(S)

Organisme de saisie / Contexte étude :

Moyenne
Moyenne (33%)

RTMO5 (RTM-Hautes Alpes)

Sur les biens :
Victimes :

Oui
Non

Origine :

Inconnue
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11.7 GERMANY

Example of datasheet of the landslide database of Saxony provided by Saxon State Office for

Environment, Agriculture and Geology (LfLUG).

Ingenieurgeologische Aufnahme von Felsboschungen

Ersteinschiitzung von Felssturz- und Steinschlagereignissen

Siichsisches Landesamt filr Umwelt, Landwirtschaft und Geologie

Allgemeine Angaben

Bearbeiter

XXXXX XXXXXXXXX

Institution

XXXXXXXXXXXXXXKXXX

Veranlassung

Information durch XXXXXXXXXXXXX. Herr XXXxxx. am Xx.XX.XXXX
(Ingenieurgeologische Landesaufnahme — Erfassung von Massenbewegungen)

Zustiindigkeit XXAXXXXXXXXXKKXXXX

Rechtstriiger XXXXXXXXXXXXXXXXXX

TK 10/ TK 25 Nr. XXXX-XX / XXXX Rechtswert XXXXXXX | Hochwert | XXXXXXX
Landkreis XXXXXXXXXXXXXXXXXX Gemeinde XXXXXXXXXXXXXXXXXX

Gemarkung XXXNXXXXXXXXXKXKKX Flurstiick XX/X

Lagebeschreibung Felssporn unterhalb des westlichsten Punktes vom XxxxxxXXXXXXXXXXXXX

Schutzwiirdige Objekte

Privatgrundstiick (massives Schuppengebiude)

Schadensbild beschidigter temporirer Bauzaun (kein Personenschaden, geringer materieller Sachschaden)
Witterung | am leicht bewdlkt, trocken, 2 °C ‘ xx.XX.xxxx | Ereignisdatum [ XX XX XXXX
Sonstiges Das Baugeriist wurde an einer Stelle am spiiteren Abbruchkérper Akl befestigt und wenige

Tage vor dem Ereignis abgebaut!

Angaben zur Bischung

E Natiirl. Béschung

D Ein- / Anschnitt “___| Steinbruch / Halde | Streichrichtung: NW - SE

Ausbruchhéhe: 1.2 m] Ausbruchbreite: 0.8 m| Ausbruchtiefe: 0,35 m|Béschungswinkel: 60°/ 90°
Verlagerte Masse ca. 0.4 m* Verlagerungsgefihrdete )I:mel ca. 0.4 m*
Bischungshéhe / -wand | ca. 8 - 10m D eben E uneben  |Sonstiges:

Bisschungsschulter E konvex D konkav Sonstiges:

Bischungsfuf [x] verschiirter [ nicht verschiitter (Sonstiges:

Art der Bewegung E] Fallen D Kippen Gleiten [l:] Driften

Vegetation

im Ausbruchbereich sind Efeu-Wurzelreste erkennbar. oberhalb ist Efeubewuchs vorhanden

Wasseraustritte

D temporir ||:| permanent ‘Menge Einheit (Is):

Entwiisserung /
Driinage

nicht vorhanden

Sicherungsbauten

nicht vorhanden

Monitoring

[:] ja |E[ nein

i Art des Monitoring |

Ergebnis

Gefahrenbeurteilung

Handlungsbedarf

D sofort l D kein

‘IEI mittelfristig

Zusatzuntersuchungen

Vorschliige fiir sofortige Sicherungsmafinahmen I -

Weiterer Handlungsbedarf I - Gebirgsschonende Berdumung des potentiellen Abbruchkérpers Ak2. In diesem

Zusammenhang ist der Felssporn auf weiteres loses (verlagerungsgefihrdetes) Material zu tiberpriifen. ggf. ist dieses

zu beriumen. Die MaBnahme ist durch eine Fachfirma zu realisieren.

- Bis zur Durchfithrung der Berdumungsarbeiten ist der Ablagerungsbereich abzusperren und der Privatgrundstilcks-
besitzer ist zeitnah nach der Ortsbegehung zu informieren.

Datum:

XX XX XXXX

Unterschrift:
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Ingenieurgeologische Aufnahme von Felsbéschungen
Ersteinschiitzung von Felssturz- und Steinschlagereignissen

Siichsisches Landesamt filr Umwelt, Landwirtschaft und Geologie

Ingenieurgeologische Charakteristil

Gebirgszustand

Gesteinsart Metagrauwacke und Metagrauwackenpelit (feinstkémige Metagrauwacke)

Stratigraphie :\.Eﬂpl olero-zoiku}n (Tieferes Vendium: Varanger: Weesensteiner Gruppe): Niederseidewir-
zer Folge, kontaktmetamorph

geologische Struktur norddstlicher Rahmen des Maxen-BerggieBhiibeler Synklinoriums (Elbtalschiefergebirge)

Verwitterungsgrad D unverwittert Im angewittert |D entfestigt ID Zersetzt

Trennfliichengefiige

Schichtung (Ss) Messwerte (EFR/EFW):

Abstand Schichtung [cm] D <1 ‘ D 1-5

O 5.m| [ 10-30

O ;o.so||] -50|

Sonstiges

Schieferung (Sf) Messwerte (EFR/EFW): 16° / 60°

Abstand Schieferung [cm] D <1

O «s(d 3—10|E] |0—30|E| SU—WID w|

Sonstiges| bildet gleichzeitig die Abldsefléiche fiir den Abbruchkérper Akl und Akla

Weesensteiner Stérung ca. 240 m SW, Innerer Kontakthof (zweifach kontaktmetamorph

tekton. Besonderheiten tberprigt)

Kliiftung K 1 Messwerte (EFR/EFW): | Kliiftung K 2 Messwerte (EFR/EFW). | Kliiftung K 3 Messwerte (EFR/EFW):

266°/8° 36°/72°

weitere Kluftsysteme Messwerre (EFR/EFW):

Kluftabstiinde K1 - K 3 [cm]

O1s DS-IO[[ 10—3o|:l 30-60‘ E>60) 015 |E5-mb 10-30[!: 30—60| E>60 | 015 E:‘--lul] 10-30!:! 30-60[ O=60
[Sonstiges: Sonstiges: Sonstiges:
KluftgréBe — Trennfliichenliinge K 1 - K 3 [m]
E-]lE]-lolE l()|Bem I:l 1|EJ:-10}:| IO[Bem I]-l}l:l.w[lj mlBem
Habitus der Kluftwandung K1 -K 3
E stufig |0 wellig  |& eben & stufig |0 wellig | eben O stufig |0 wellig | eben
O rau = glatt & rippelig  |O rau B glant = rppelig O rau O glan O rippelig
Kluftéffnungsweite K 1 - K 3 [em]
e e e B = e e e e

Kluftfiilllung K1 -K 3

Kluftversatz K 1 - K 3 [cm]

|Kluftkérperform O séulig I:! blockig ID wilrfelig O quaderig IE plattig
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Ingenieurgeologische Aufnahme von Felsbischungen

Ersteinschiitzung von Felssturz- und Steinschlagereignissen

Siichsisches Landesamt fiir Umwelt, Landwirtschaft und Geologie

Bild 1

Abbruchbereich [Blick-
richtung = ESE, Seitenan-
sicht] — mafigebend fiir
den Abbruch ist die Trenn-
flachensituation (rot ge-
kennzeichnete Schiefe-
rungsfliiche S1). Im oberen
Teil verlagerungsgefihrde-
ter Abbruchkérper Ak2 =
Abmessungen ca. 1,0 x 1,0
x 0.4 m (Lange x Breite x
Héhe). Im unteren Bildbe-
reich Aufschlagbereich
(Boschungsfuibereich).
Der Béschungswinkel des
Aufschlagbereiches betriigt
zwischen 35° und 42° (rot
gepunktet), so dass das
Abbruchmaterial (Ak1 und

.g Akla) dort nicht liegen
= geblieben ist und sich
-] weiter hangabwiirts abge-
= lagert hat (s. a. Bild 2).
g
E
3
Bild 2
Im Bild 3 ist der potentielle Abbruchkérper Ak2 aus dem Bild 1 in einer Detailaufnahme
zu sehen. Der Abbruchkérper AKI st ebenfalls gekennzeichnet wie auch die Schiefe-
rungsfliche Sf mit der Bewegmlgsricht\mgl
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11.8 GREECE

English version of the web interface of the Greek Institute of Geology and Mineral

Exploration (IGME)’s ground failure database.

(http://maps.igme.gr/website _ext/igme_master ext/viewer.htm?In=en; March 2011).

GEOSCIENCE DATA INDE

BULGARIA

ooy

.
maAA BTl o

.

oo oROC

Engineering geclogy

=
E

00000005

Hazart maos (1:50.000) S
GeciugicalSutstity Uavs o
(15006 1:1.000)
Gececrnicaliacs o
(150.000)
Scamsischnclias o
(150,000 and 1:100,000)
Engincering Geslgicak s
(168,000 804 1:100,000)
Hazard mups (e s

Maps of Groung Fakures S

Do onnn o

EEE00E0E00O0 000 O 0008
0o

000 0CO0®O0 0
5

Metadata

MAGNISIA

Zoyopd
Zoyopd
Zayopd
Xopeurd
Xopeuto
Xopeutd
Zayopd
Zoyopa
Zoyopd

Zoyopig
Zayophg
Zayopdc
Zoyopdg
Zoyopdg
Zayopls
Zayopag
Zoyopog
Zoyopds

Municipal
District

Municipaity

ZATOPAL
ZATOPAL
ZATORAL
ZATOPAZ
ZATOPAL
ZATOPAZ
ZATOPAZ
ZATOPAL
ZATOPAZ

Prefecture Code.
MAFNHEIAE 43090101
MATFNHEIAE 43090101
MAFNHEIAE 43050101
MATNHEIAZ 43080104
MAFNHEIAE 43050104
MAFNHEIAE 43090104
MAFNHEIAE 43090101
MAFNHEIAE 43090101
MATNHEIAE 43080101

Settlement

Season

Winter/Xapbvag T2445
Winter/Xapovog T2445
WinterXopovog T2445
WinterXopiwvog | T2445

WinterXopwvog | T2445
Winter/Xopbvog T2445
WinterXopdvog | T2445
WinterXopivag | T2445
WinterfXopbvog | T2445

[ & Intermat
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11.9 IRELAND

Some examples of the web interface of the Geological Survey of Ireland (GSI)’s landslide
database are shown below.
(http://spatial.dcenr.gov.ie/imf/imf.jsp?site=GSI_Simple ; March 2011).

Information on the database can also be found in:
Creighton R, Irish Landslides Working Group, 2006. Landslides in Ireland. Geological
Survey of Ireland, Dublin, Ireland.

Degiartment of Commanicanons, Masi ol Resources
Tuesday March 8, 2011 nmo-mvmg\agm il i \-‘\- SlDatasets Public Viewer
g g ¥ & €« 3 0 = &= & =l &= SN S Hep @
Map Layers Feadback A

(I m0Seabed Survay
S B0 Geohazards
P O Landslide Localities
2 B0 quatemary
O 80 Minerals
O miHentage
3 =0 Groundwater
O 510 Geotechnical
) &0 Bedrock Datasets
) B0 0s! Datasets

Refresh Map
I automatically Refresh Map
¥ Show Lagends

;!‘\e::‘:sr“ﬂer to the following for descriptions of the functions
of the controls in the layer list above.
) Click folder to show or hide contents.
= Click to turm on all layers in the associated folder.
17 Glick ta tum off all layers in the associated foider.
I Click the check box to tum layer on and off,
O This is the active identify layer.
Click to maka the layer be the active identify layer.
A This 15 the active select layer.

& Click the greyed out select tocl beside a layer nama to
make it the active layer for selections.

IMF 5.2 build 0

g comver 181904, 243107

Identify Results

Coordinate Position
Insh National Gnd: 87000, 334260
Localities

Landsida ID: 128

Landsida name: Baliagally South2008

Landside event date:  03/05/2008

Location of tha Landside: Balagally South, Bellanaboy
ounty: MAYO

Easting: 87000

northing: 334260

Accuracy(m) 1000
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11.10 ITALY

Examples of web screenshots and datasheets of the Italian Landslide Inventory database
(IFFI) by the Institute for Environmental Protection and Research (ISPRA) are given below.

(http://www.sinanet.apat.it/progettoiffi; March 2011).

Information on the database can also be found in:
Trigila, A., ladanza, C., Spizzichino, D., 2010. Quality assessment of the Italian Landslide
inventory using GIS processing. Landslides 7, 455-470.

HATH

PROGETTO

Italian Presidency of Council of Ministers
Department of National Technical Services
ltalian Geological Survey

LANDSLIDE DATA SHEET Vers. 2.33 (2001) by: Amanti M., Bertolini G, Ceccone G
Chiessi V., De Nardo M.T., Ercolani L, Gasparo F., Guzzetti F, Landrini C., Martini M. G.
Ramasco M., Redini M., Venditti A. Treesred vy Trighs A & ladanza C. (2007,

andslide ID

“Alphanumeric code L.
GENERAL INFORMATION

J urban areas J Annual crops associated with
2 mineral extraction  parmanent crops
stes

) arable land

HYDROGEOLOG |

Location
“Date of report *Region | *Province
*Reporter's Name *Municipality
*River Basin Authority
*Public institution IGM place name
Topographic Map Scale Number Place name
GEOMETRY | SLOPE POSITIO
“Crown *Toe
Crown elevation (m) Azimuth o (°) 2 Ridge L
Toe elevation (m) Total area A (m°) Q Usser Q
Horizontal length L, (m) Length La (m) Q Middle 2
Difference in height H (m) Volume of displaced material V, {m") Q T, Q
S| angle p (%) Depth of surface of rupture D, (m) J Q2
*Geologic unit 1 Geologic unit 2 B “Lithology
Q0 limestone
Description 1 Description 2 QO travertine
Q0O marl
QQ lmestones-marl fysch
QQ sandstone, arenaceous flysch
Discontinuity 1: dip direction/ dip Discontinuity 2: dip direction/ dip 1 2 Bedding attitude OO shale, pelitic fiysch
QO horizontal QOQ acid extrusive rock
QQ dipping into the slope (anaclinal) | QO basic extrusive rock
1 2 Rock mass structure 1 2 "Geotechnical properties QO obliquely relative to the slope QQ pyroclastic rock
Q0O massive QO rock QO obliquely (orthoclinal) QO acid intrusive rock
Q0 stratified Q0Q lapideous rock Q0O obliquely (plagioclinal) Q0 basic intrusive rock
QO fissile QO weak rock Q0 downslope (cataclinal) QO metamorphic rock weakly foliated
Q0O moderately jointed QO debris Q0O downslope stepper than slope Q0O metamorphic rock foliated
QO fractured QO grained soil QO dipping out of the slope QQ evaporite
QO schistose QQ dense grained soil QO parallel to slope Q0O sedimentary siliceous rock
QO vacuolar Q0Q loose grained soil 1 2 Weathering QQ conglomerate or breccia
QO chaotic QQ cohesive soil Q0O fresh QQ debris
12 Joint spacing OO firm cohesive soil Q0O slightly weathered Q0 gravel
QO very wide (> 2m) QO soft cohesive soill Q0O moderately weathered Q0 sand
QO wide (60cm - 2m) Q0 organic soil QO higtly weathered Q0O silt
Q0O moderate (20em - 60cm) Q0O complex unit QO completely weathered Q0 clay
QQ close (6cm - 20cm) QO alternating beds Notes QO mixed soil
Q0 very close {<Becm 2O mélange O made ground

*LAND COVER
J reforestation J sparsely vegatated areas

J coppice woodland 2 bush
2 forest trees. J pastures

*SLOPE ASPECT
> N 3> E J) 8
J sw

is

Superficial water "ivi1 2 | “Type of movement O unclassified |1 2 Rate of movement 1 2 Material
D absent > |90 ta QO extremely slow (< 5*10™ mvs) 0O rock
O stagnant Q Q topple QO very slow (< 510 m/s) QQ debris
O diffuse runoff o Q O rotational side QO slow (< 510* m/s) 00 earth
D concentrate runoff Q  Q translational slide QO moderate (< 510 m/s) 1 2 Water content
Springs | Groundwater | O | O O lateral spread QOQ rapid (< 5*10° mis) QQ dry
©Q absent O absent QO O O sioweanhflow QO very rapid (<5 mis) Q0 moist
Q diffuse 0 unconfined 2 O QO rapid debiis flow QO extremely rapid (> 5 mv's) 00 wet
2 local Q confined 2 | O O sinkhole Q0 very wet
N*® Depth (m) 2 complex landsiide Notes
Notes ] deep-seated gravitational siope deformation
y area affected by numerous rockfalislopples
J area affecied by numerous sinkholes
[*] area affected by numerous shalkrw lansices
“State 2 unclassified Distribution Style
Q active J dormant_| O stabilized J relict | O moving  single
Q Q reactivated Q artificially Q refrogressive 2 advancing 2 complex Q multiple
2 suspended stabilized Q widening Q diminishing Q composite O successive
2 abandoned Q enlarging Q confined
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Cartgrer APAT IFFI - Windews Internet Explorer

An example of the database for Lombardy is shown in the two screenshots below.
g e 8 hix

Fe Edt vew

Favotes Tods  hep
w

55 = | 3 Vocaburs von VITO | Project . @8 Cantgiat 94T IFFL ®

SliNAnet E | II’ROG E'I'IIO IEEI]

veatario dei Fenom

s im Ttalia

€} sofetand Detverabe.

€} QuestionaDiscussion. C} Document 14 - Mares.. W resgorse 1 rrox - pacrosalt out. €} Overview_nationsl_a. U Acebe Acrcbat rofe.
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Strumenti

principali avanzati misure

W

=N
%

/ETTORIALI
Layer IFFI

unto Identificativo del
i Fenomeno Franoso (PIFF)
eda frane di 1o

Frane lineari

ol Loyer base

DATI ALFANUMERICI DEGLT ELEMENTI RELATIVI ALLA CARTOGRAFIA IFFI

Frana 1 L]
: Area della frana
iobrns [rapant iasiada Aot LR i 1o Usodel  Metodo usato perla valutarione del movimentoe [ = ?;?;7::“] i e
0120019100 Lombardia Varese  Citlgho Po Scivolamento Quiescante Fotointerprataziona nd. 14136
rotazionale/traslative
torna s
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11.11 NORWAY

Examples of web screenshots of the Norwegian Landslide Database by the Geological Survey
of Norway (NGU) are given below. (www.skrednett.no; March, 2011).

Information on the database can also be found in:
Jaedicke, C., Lied, K., Kronholm, K., 2009. Integrated database for rapid mass movements in
Norway. Nat. Hazards Earth Syst. Sci. 9, 469-479.

JR——
kred it
3 ermraas_[Jox

Sek | Kart | Verkiey | Informasjon

&

Skreddata pa nett

[HezADL,AR

Kommune = Stedsnawmn | Adresse Eiendom

Kommunesek:

Fylke

Velg fylke ]

Kommune:

Velg kommune @)

Velkommen til skreddata pa nett
Du kan veksle mellom ulike “Standardart” | "Kart™fanen

F4 informasjon om skredobjekt ved 4 trykke pa ™knappen i
“Verktoy™fanen.

TEGNFORKLARING

Skredhendalser -
skredtype

oa feliskred

Snoskred
Isnedtall
Undervannsskred

e00e00 oee

I

under

nappen “Om dataene’

Karmeneston er Utarbeicet ved NGU - 2011 0 e 238km
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£2 Resultater - Windows Internet Explorer

& - [ rouamensraiusbateiconmen ] 49 [ [1 o

et
= &
| so | Kart | e Skredhendelser - skredtype
OFai I !
2 Tegnog mil af Hendelsesdato 03071913
T Skredtype Leirskred
& Tom utvalg og L= 3
XY Forstor til koo | I
Neyaktighet for = > :
XL Kart i ston fornf| tidsangivelse Noyaktighet ukjent (ev. finnes det informasjon | baskrmvelsan)
3 Send lenka til _“'rﬂlnrl‘:h'::: ey e
& Lag kartutskiif
Bevegelse observert far |
#% Last nod kanbifl skredet et ks eoistiee
Flodbeige, Maks.
oppskyllingshoyde,
Maks. Nei
oppskyllingsheyde mot
bebyggelse [m.o.h.]
vassdrag °
Fa informasjon off Skredvind [Ukjent / Tkke registred.
Pek i kartet attervyy Fallhayde [m] Ukjent / lkke registiert
NB' Fiytt markerenfl Totalvolum av la00
& og] Siredmassane (m3]
m"g';,::;,m Wide1 Helland, Amund: Norges Land ag folk, bind 3, Topografisk-statistisk

Besknvelse over Knstiania 2. del, Kristiania 1917 5. 88/89

TS o
rw-—.-n-ma-le-lnnuuu-wu

Atz = TEGNFORKLARING
Informant E Skredhendolser -
Registrert av NGU, Astor Furseth Shrecdtype
‘Oslo. Ved gjekk eit leirskred den 3. juli 1913. Leirmassar @  Swinsprang og feliskred
‘glei vekk under skinnene der Smestadbanen svinger av frd @ Leimkiod
Holmenkoallbanen, og leimassane velta ned i ei groft, og bide skinner og @ Losmasseskrea
sviller vart tekne. Volum ca. 400 m37? Kartreferansen er plassent omntrent o _"""“""“‘
der dagens Smestadbane tar av fri Holmenkollbanen @ g
H——————— @ Sroskred
2071 NVE 82268 5 58, fax: 22 68 50 00, a-post adnaiifive o " O wnectn
) Undervannaskred
@ e angin
Dore. ) Lo s il e

ol 2T Y LY A
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11.12 SPAIN

Excerpts of the Geological and Mining Institute of Spain (IGME)’s geohazards database (in
Microsoft Access) are provided below.

i8]
||} archivo Edicién Vver Insertar Hemamiertas Ventana 2 =18 x|

DSH GRY s < |B- g% =Em ik ga- 0

[ Tablas | B consukas | B Fomuerios | B Informes | 2 Maros & Miduos |
[  Ambio [ Dpersona198s PoblaciénMunicipios Abrir |
E) cCausas_Movimiento Dpersonal 988Inun Propiedad Disefio |
. Comunidades_Autdnomas m Evento Provincias
Coordenadas_LITM_30 Fuentes_Documentales Provincias_aFectadas _ teva |
El Costes_Municipio-Provincia [ inunda Radios_terremotos
B Costes_totales B Inundaciones E Rios_Ramblas
B Cuantificacion-dafios Litologia E sector
E Dafios [ MapaPersonas1900 Terremotos
[ Dafios_animales [ MapaPersonas1988Inun Tipo_Costes
E Dafios_Edficios [ Medidas_de_Control Tipo_de_causa
[ Dafios_generales [ Medidas_de_Emergencia Tipo_de_Dafia
[@ Dafios_Indirectos [ Medidas_Estabiizadoras Tipo_de_Edificios
E Dafios_Infraestructuras Bl Medidas_Preventivas Tipo_de_Infraestructuras
[ Dafios_sociales [ Movimientos_de_Ladera Tipo_de_Litologia
E Dafios_Usos_del_Suelo B Municipi Tipo_Fuentes_Documentales
[ Dpafiosvehiculos Municipios Tipo_Mavim
E) Deslizamientos Municipios_afectados Tipo_Movimiento
Desprendimientos B Municipios_Afectados_General Tipo_Peligro
[ Documentos [ Perdidas_Municipio-Provincia
[ Opersona [ Pérdidas_Totales_Evento
Preparado [T mavisiom [ [

Rinico| [ S A MEHHNEB®FALIB0 | [An Qv Or| G| [T AEAIAPR 1m0
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= "Relaciones

1dTipoDafio j

N Efectos indires
Pérdidas Econ
Paraje
. CodigoPravinc
™~ |Descripcion dé
S S
IdDanosIndrecta
1dDafios
r— IdEvento
—— loo | |- |Pescripcién
IdEvento AI =
‘ehiculo
Numero _]

»

IdTipoPeligro |
Afio

Mes

Dia

X utm

Y utm
Coor_Z min
Coor_Z max

e

. Coordenadas:

Litologia

IdEvento

IdDados_Valo ~
IdEvento
Yictimas
Invalidez
Sector_Primar :]

B

- IdEvento

IdEvento &

e

i

Dafio Huso \
| N° Hoja 1/50C == |1d TIPO_MOVIM
Tipo_de_Infi :::2'.:0 3 Ne Hoja 1/50C TIPO_MOVIM
Idinfraestructurz IdInfraestruct 7 N° Hoje 120008 [Tipo_Moviniil Inundacig
Tipo Longitud (m) b — IdInundacion
oot <} |-
¢ | 2
&£ Eventol ‘me
» |dE vento ] 300558 |dTipoPeligro rMovimier\to de Ladera |
Dia [31 Mes [ 3 Afio [ 2002 Fecha dltima modificacién [ 25708/2002
Inundaciones | Tenemotos | Movimientos de Ladera |
P (% um_30 [ 03773
Y _utm_30 3221776
Z_msnm 4
Registro: 14 ¢«
o: el ] Costes totales ] Costes Municipio-Provincia |
Muric. afectados Municipios afectados | Perdidas Tot*s| Perdidas Municipio-Provincia
General
Dafios General Dafios por Municipi |
os Generales | por Municipio I e e
Registro: 14 ¢ || 1526 » | »1 |Hb| de 1529 4
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11.13 UNITED KINGDOM

Examples of the British National Landslide Database by the British Geological Survey (BGS)
are given below.

Information on the database can also be found in:

Foster, C., Gibson, A. Wildman, G., 2008. The new national landslide database and landslide
hazard assessment of Great Britain. Proceedings of the First World Landslide Forum, Tokyo,
18-21 November 2008, pp. 203-206.

Hobbs, P., 2007. BGS landslide data and mapping in Britain. In: Hervés, J. (Ed.), Guidelines
for Mapping Areas at Risk of Landslides in Europe. Proc. Experts Meeting, Ispra, Italy, 23-24
October 2007. JRC Report EUR 23093 EN, Office for Official Publications of the European
Communities, Luxembourg, pp. 11-14.

Part of an urban landslide map of Bath, Avon. The figure shows relict landslide backscarps
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Example of datasheet in landslide database (Hobbs, 2007).
BGS Landslide Pro-Forma P1 _Im i I*, BGS Landslide Pro-Forma PZI
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“British Geological Survey © NERC. IPR/137-83C”.
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