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Description of work to compile 
the guidelines 

1. Review of existing monitoring technologies 
2. Case histories : analysis of real monitoring data 
3. Overview of landslide EWSs in operation 
4. Development of an operational software for EWS 
5. Development of a toolbox to design an EWS 
6. Stakeholder example studies (Norway and Slovenia) 



1. Review of monitoring technologies 
Overview of 30 different remote sensing techniques  
 

Displacement rates 

Landslide types 

    Detection Fast Characterization Rapid mapping Long-term monitoring 

Typical 
velocity 

suitable 
in few 
cases 

suitable 
in some 
cases 

suitable 
in many 
cases 

suitable in few 
cases 

suitable 
in some 
cases 

suitable in 
many cases 

suitable in 
few cases 

suitable in 
some 
cases 

suitable 
in many 
cases 

suitable in 
few cases 

suitable in 
some 
cases 

suitable in 
many cases 

none     B3 (*)     B3 (*)         B3 (*)     
Extremely 
slow  

16 mm 
/year 

C6 B3, C7, 
C8, C9, 
C10, D1 

  A1, B1, C1 C7, C8, 
C9, C10, 
D1 

B2, B3, C2, 
C3, C4, D2, 
D3 

B3, D2 B2, C2, C3, 
C4, C7, C8, 
C9, C10 

B1, C1 A1, A2, A8 C7, C8, C9, 
C10, B3, 
D2, D3 

A4, B1, B2, 
C1, C2, C3, 
C4 

Very slow 1.6 m 
/year 

A5, A6, 
A8, C6, 
C8, C9 

B3, C10, 
D1, D2, 
D3 

  A5, A6, A8, B1, 
B2 C1, C8, C9,  

A1, A2, 
A12, C10, 
D1 

B2, B3, C2, 
C3, C4, D2, 
D3 

C8, C9, B3, 
D2 

A4, 8, B2, 
C2, C3, C4, 
C10 

B1, C1 A5, A6, C8, 
C9 

A1, A4, A8, 
C10 

A2, B1, B2, 
B3, C1, C2, 
C3, C4 

Slow 13 m 
/month 

A7, A8, 
A9,A10, 
A11, 
A12, 
A13, A14 

B3, D1   A3, A4, A5, A8, 
A12, A13, B1, B2, 
C1-C4 

A2, D1 B2, B3, C2, 
C3, C4 

10, A13, 
A14, B3 

A4, A8, B2, 
C2, C3, C4 

 B1, C1 A3, A10, 
A12, A13, 
A14, B3 

A4 A2, B1, B2, 
C1, C2, C3, 
C4 

Moderate 1.8 m 
/hour 

A7, A8, 
A9, A10, 
A12 

A13, 
A14, B3 

  A3, A4, A5, A8, 
A12, A13, A14 
B1, B2, B3, C1-C4 

2   A9, A10, 
A12-A14, 
B2, B3, C2-
C4 

A2, A4, B1, 
C1 

  A3, A5, A9 
A10, A12-
A14, A14, 
B1, B2, B3, 
C1-C4 

A2, A4   

Rapid 3 m 
/minute 

A7, A8, 
A9, A10, 
A12 

A13, 
A14, B3 

  A3, A4, A5, A8, 
A12, A13, A14 
B1, B2, B3, C1-C4 

    A9, A10, 
A12-A14, 
B2, B3, C2-
C4 

A4, B1, C1   A2, A3, A4, 
A5, 
A9,A10, 
A12-A14, 
B1, B3, C1 

    

Very rapid 5 m /sec A7, A8, 
A9, A10, 
A12 

A13,A1A
4, B3 

  A3, A4, A5, A8, 
A12, A13, A14 
B1, B2, B3, C1-C4 

    A9, A10, 
A12-A14, 
B2, B3, C1-
C4 

    A3, A5, 
9,A10, 
A12-A14, 
B3  

    

Extremely 
rapid 

> 5 m 
/sec 

A7, A8, 
A9, A10, 
A12 

A13, 
A14, B3 

  A3, A4, A5, A8, 
A12, A13, A14 
B1, B2, B3, C1-C4 

    A9, A10, 
A12-A14, 
B2, B3, C1-
C4 

    A3, A5, A9, 
A10, A12-
A14, B3  

    

Presenter
Presentation Notes

This review was done by ITC and was published in a public report D4.4. It contains an overview of 30 different remote sensing techniques and information about their applicability with respect to different landslides types. It is structured in a set of tables.
Example of a fact sheet for one technique, which is the optical digital distance meter
for each category there is as much as possible quantitative information
colors indicate how well the technique fits the criteria
Each technique has a unique reference number, here B1, that links to other tables
we find that this distancemeter is not suitable for detecting new slides, but it can be suitable for the characterization of slides and is very suitable for the monitoring of slow to extremely slow slides.



1. Review of monitoring technologies 
Overview of 30 different remote sensing techniques  
 

Landslide types 

Presenter
Presentation Notes
We can also link it to a table for different landslides types:
we find that this distancemeter is very suitable for the monitoring of falls and topples, less suitable for the monitoring of rotational slides, flows and complex landslides.



Sensors of displacement and deformation monitoring - relative occurrence within 89 
monitoring sites & early warning potential 

Same review for hydro-meteorological and geophysical monitoring  

1. Review of monitoring technologies 

Presenter
Presentation Notes

Another review was done by UNIFI and partners. It reports a survey done to collect information about the usefulness of monitoring methods and evaluate their potential for EWS. In blue, we see the how often these methods are used and in red it shows their potential for EWS. For example the digital distancemeter is employed for 30% of the monitored landslides and it has a good potential for EWS. 
The study was published in one public report D4.5. 



2. Case histories : analysis of real 
monitoring data 

 • Compile and interpret monitoring 
datasets from 14 test sites obtained 
mainly from 2009 to 2011.  

• investigate the correlation between 
the monitoring parameters : geo-
indicators 

• find their critical values/thresholds 
based on the background and 
geological setting 

Presenter
Presentation Notes
Once you selected the monitoring technologies you have to define the right parameters to based the warning on. These are  called the geo-indicators. 
A study on those parameters was done by GSA and partner using real data collected on several SafeLand test studies. It provides advanced knowledge on the correlation between different indicators, their role as EW parameters and quantification of thresholds. 
This analysis was published in one public report D4.6. 




2. Case histories 
 

 
SafeLand test sites 

Displacement Hydro(geo)meteorological parameters Geophysical parameters 

DGPS Total 
station TLS GB 

InSAR 

crack- / 
extensio-

meter 
tiltmeter Inclino- 

meter DMS Piezo-
meter DMS dis-

charge 
tempe-
rature 

precipi-
tation 

Seismic 
emissions resistivity self 

potential 
soil tempe-

rature 

Aknes   (Norway) X X X X X X   X   X   X X X       

Ampflwang (Austria)               X   X   X X   X X X 

Ancona (Italy) X X         X X X X   X X   X X   

Bagnaschino (Italy)             X X X X   X X   X X X 

Bindo (Italy)   X         X   X     X X         

Casella site (Italy)               X   X   X X         
Gschliefgraben 

(Austria)         X   X X X X X X X   X X X 

La Valette (France)                                   

Jettan (Norway) X   X   X X           X X         

Mannen (Norway) X   X X X     X   X   X X         

Rosano (Italy)               X   X   X X         

Ruinon (Italy) X     X X   X   X     X X         

Sonnblick & 
Mölltaler Glacier 

(Austria) 
                      X X   X   X 

Super Sauze 
(France) X                         X X X   

Vallcebre (Spain) X     X     X   X     X X         

Villerville (France)                                   

Presenter
Presentation Notes
Performed monitoring parameters at each SafeLand site




2. Case histories : analysis of real 
monitoring data 

 
Vallcebre site: Correlation between 
displacement velocity and groundwater 
level 

Conclusions on geo-indicators: 
• In most cases a correlation between 

rainfall/snowmelt/groundwater table 
variations and displacement is 
observed, with a delay of 0 to several 
days 

• The most reliable parameter for early 
warning is displacement 

• Other parameters (resistivity, 
seismic…) help to interpret surface 
displacement results; necessary for 
decision making in case of 
emergencies. 



3. EWS screening study  
• Aim: analyse existing EWSs to base the 

guidelines on 
• Questionaire sent to ~100 organizations in charge of 

EWSs - 23 answered with 14 operational units (11 
have a EWS in operation, 1 damaged, 1 under 
construction, 1 stopped) 

• Poster by Clément Michoud (UNIL) this 
afternoon 



3.EWS screening study 
Monitoring parameters, thresholds and sensors evaluation 

• The most used techniques are the extensometers and the pluviometers 
• When these two are used only a few sensors (4 in average) are installed. 
• Crackmeters are less often used, but when they are, you need many 
sensors (13 in average) –> Redundancy is important but variable. 
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Ways to issue warnings (in %) used by 13 EWS 
 
      Very redundant! 

3.EWS screening study 
Warnings, communication and decision making process 

Conclusions of EWS screening 
 
An EWS should: 
• be redundant 
• be robust 
• be simple 
• be protected from power and communication 
loss 
• monitor more than one parameter 
• integrate all data for good overview 
 

An EWS should not be: 
• vulnerable to the landslide 
• based only on surface displacement data 
 
 



4. SafeLand operational software 

Automatic data 
download from 
sensors 

Output file 
conversion to a XML 
file 

Data availability on a 
web server 

Outside the office, the staff on duty has 
access to the real time data and can view all 
the graphic reports, supporting the staff 
inside the operational centre for decision 
making. 

Presenter
Presentation Notes
A software was designed to provide a multi-parameters platform for specific classes of landslides.
It was written by CGG and partners. It is an open-source software and it is described in a public report D4.7
automatic data downloads with a regular timetable.
data from each monitoring station is available on the web through a standard XLM file
Data is then published on a web server with FTP protocol or directly on a web server.
 an application updates the main database and displays history plots in real time.





5. Development of a generic EWS toolbox 
 

Presenter
Presentation Notes
A flow chart approach was developed by the University fo Florence and ICG. It was presented here at EGU last year.
By following the chart the end-user is asked about some information concerning the type of landslide, some of its characteristics, the elements at risk, etc. Depending onthe answers given, this graphic-based method indicates what instruments or procedures should be introduced in the EWS. For example is it a slow flow yes, then use rain gauges. Do you have a large budget, then use ground-based INSAR, if not then use distancemeters.




6. Community and response capability  
 

• A EWS should be designed to guide a proper response behavior 
• One should consider:  

•the community and response capability  
•understand the relationship between risk perception and risk communication 
•education, regular drifts, long-term funding to secure that residents feel safe 

• A social study in Norway shows that: 
•the community favors a local decision (locals working in the operational unit) 
•openness, involvement and good communication with the residents at an 
early stage has a positive effect on people’s perceived risk 

An EWS is an integrated system 



Partners 
33 contributors, 14 institutions and 1 end-user 

8 countries  
 • A.M.R.A. Scarl, Italy: Emilia Damiano, Luciano Picarelli 

• Ancona , Italy: Stefano Cardellini 
• Centre National de la Recherche Scientifique (CNRS), France: Jean-Philippe Malet 
• Centro Servizi di Geoingegneria S.r.l. (CSG) , Italy: Enza Garbarino, Andrea Gozzi, 

Mario Lovisolo 
• Geological Survey of Austria (GSA) , Austria: Ivo Baroň, B. Jochum, D. Ottowitz, 

Robert Supper 
• International Centre for Geohazards, Norwegian Geotechnical Institute (ICG-NGI), 

Norway : Linda M. Bye, Unni Eidsvig, Bjørn Kalsnes, Anthony Lam, Suzanne 
Lacasse, Farrokh Nadim, Magnus Sparrevik, Bjørn Vidar Vangelsten 

• ITC , UN : André Stumpf, now at CNRS 
 

 

 



Partners (contd.) 
• Joint Research Centre (JRC), Europe: Miet Van Den Eeckhaut, Javier Hervás 
• Risques & Développement (R&D) , France: Eric Leroi 
• Università degli Studi di Firenze (UNIFI) , Italy: Emanuele Intrieri 
• Geological Survey of Slovenia (GeoZS) , Slovenia: Spela Kumelj 
• Università degli Studi di Milano-Bicocca (UNIMIB), Italy: Frederico Agliardi 
• Universitat Politècnica de Catalunya (UPC), Spain: Josep Gili, Jose Moya 
• Université de Lausanne (UNIL) , Switzerland : Clément Michoud, M.-H. Derron, 

Michel Jaboyedoff 
• Åknes /Tafjord Beredskap, Norway : Lars H. Blikra 
 
We would like to thank the EU 7th Framework Programme for funding this project  

”Living with landslide risk in Europe: Assessment, effects of global change, and 
risk management strategies” coordinated by the International Centre for 
Geohazard, Norway. 

 

 

 



Thank you for your attention! 
 

www.safeland-fp7.eu 
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