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Description of work to compile =&
the guidelines

Review of existing monitoring technologies

Case histories : analysis of real monitoring data
Overview of landslide EWSs in operation
Development of an operational software for EWS
Development of a toolbox to design an EWS
Stakeholder example studies (Norway and Slovenia)

A
TN
L\

Safel.and)



.

1. Review of monitoring technologies=

Overview of 30 different remote sensing techniques

. s «
Digital total station surveys Bl
Detection Rapid mapping
Sensor | Platform Recording System Contributing A suitable  suitable | suit suitable in few S| suitable in suitable in suitablein  suitable suitablein  suitablein  suitable in
type system s institution | anal Typical in few insome | in man cases in some cases  few cases some in many fewcases  some many cases
ACtive Zroond- Distance - | Total Fepea velocity cases cases cases cases cases cases cases
optical baz=d meters  and | stations mEe3sr " " "
sEnEor dizital UNIL [Da.1,_NoOne B3 (*) B3 (*) B3 (*)
theodolite Extremely | 16mm | c6 B3, C7, A@ c1 c7,c8, B2,B3,C2, | B3,D2 c1 A1,A2,A8 | c7,c8 co, | AsfB1 )2,
ADDIJ[E'E—"[ level Alternatives slow Jyear C8,C9, C9, C10, C3,C4,D2, C4,C7,C8, C10, B3,
™™ mm Max C10, D1 D1 D3 C9, C10 - D2, D3
to 54 Veryslow 1.6m A5, A6, B3, C10, A5, A6, AS,@ Al, A2, B2, B3, C2, C8, C9, B3, A4, 8, B2, ‘3 C1 AN Al, A4, A8, | A2 2,
prism Jyear A8, C6, D1, D2, B2 C1, C8, C% A12,C10, | C3,C4,D2, D2 C2,C3,C4, c9 B3,C¥ C2,
C8, C9 D3 D1 D3 C10 C4
Slow 13m A7,A8, |B3,D1 A3,A4,A5,A8, | A2,D1 B2,B3,C2, | 10,A13, A4, A8, B2, ‘3 c1 A3, A10, A4 }
Spatial resolution | Temporal resolution /month | A9,A10, 3, ¢4 Al14, B3 €2,C3,Ca A12,A13, c1, ,
0.01-1 points/m Depending on survey 100-500 ALl Al4, B3 c
intervals, seconds-years km? AL2
Additional costs for rapid response Additional costs for g A13’ AL
Moderate 1.8m A7, A8, A13, A3, A4, A5, A8, 2 A9, A10, A2, A4, B1, A3, A5, A9 A2, A4
/hour A9,A10, | A14,B3 A12,A13, Al4 A12-A14, c1 A10, Al2-
Al12 @2, B3, C1-C4 B2, B3, C2- Al4, Al4,
ca B1, B2, B3,
Estimated elaboration time Advantages c1ca
: :Err':l !:r::lr:;z spatial resolution ¢ Raos Sl A7, A8, AL3, A3, A4, AS, A8, A9, Al0, A4,B1,C1 A2, A3, A4,
e Spataires | /minute | A9, A10, | A14,B3 A12,A13, Al4 A12-A14, As,
= Conziderable maximum rangs Al12 2, B3, C1-C4 B2, B3, C2- A9,A10,
= 30 information ca A12-A14,
» High flesitility
- . B1, B. 1
= Feasibility of automation of the = 3,C
process Very rapid 5m/sec | A7,A8, A13,A1A A3, A4, A5, A8, A9, A10, A3, A5,
=zuitable for garly warning systen A9, Al0, | 4,B3 Al12,A13,A14 A12-A14, 9,A10,
Al12 B1, B2, B3, C1-C4 B2, B3, C1- Al12-A14,
ca B3
e ey | 25 m | A7 A8, [ AL, A3, Ad, AS, A8, A3, A10, A3, A5, AS,
rapid /sec A9, A10, | A14,B3 A12,A13, Al14 A12-A14, A10, A12-
AL2 B1, B2, B3, C1-C4 B2, B3, C1- Al4, B3
ca

Landslide types
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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.
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Overview of 30 different remote sensing techniques

Digital total station surveys

Detection Rapld mapping
e Platform | Recording | System T .su itable .smt,al:lle suitable in .smt,a ?mtahle .su itable : suitable .5un:,al:|le .sun:,al:lle su itable
type system e ey | in few in some many cases  infew inmany infew in some faw insome in many
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theodoiite Fall \ recursa ) i
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\ 02,03
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imtervals, seconds-years km' Rotational slide | C5 €10, D2, C1 CAC1a0, Ca.E3 CA.C10 A12 A13 8. 08,
Additional costs for rapid response Additional costs o3 02.D3 313: 02,
A5-A13, A10, A14, @ B3, A2, A5 A5, | A12,B2, AB-A10, A4 2. AL, AS, A6, Ald, AZ,B2,B3,
. C8.C7.C8. | D2.D3 413, B3.C2.C3. al14,C7. C1.W4C3, AR.A10, C1.C7. | C2.C3.C4,
Translational | -, ¢, 1.7, | €4.D02.D3 CH,C9, ca, A12.813  |YE.c3 02,03
. - slide C3, €9, 10 C10.83,
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*Highscouracy A5-A3, Al 414, | B3, A2 43,45, | 12.B2.B3, a8-a10, | A4 Z. A1 A3 A5, | A2 K 22,0203
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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.
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1. Review of monitoring technologiegﬁm

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

60 - m Occurrence (%)
50

40
30
20

m EW Potential (%)

Same review for hydro-meteorological and geophysical monitoring

—
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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 72
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monitoring data

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

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

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

=
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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

|| S
Wi FaiMrwnan
LA

Displacement Hydro(geo)meteorological parameters Geophysical parameters
safeland test sites Total GB crac ./ . Inclino- Piezo- dis- tempe- precipi- Seismic L self soil tempe-
DGPS . TLS extensio- tiltmeter . .. resistivity .
station InSAR - meter meter charge rature tation emissions potential rature
Aknes (Norway) X X X X X X X X X X X
Ampflwang (Austria) X X X X X X X
Ancona (ltaly) X X X X X X X X X
Bagnaschino (Italy) X X X X X X X
Bindo (ltaly) X X X X
Casella site (Italy) X X X X
Gschliefgraben X X X X X X X X X X X
(Austria)
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 (ltaly) X X X X X X X
Sonnblick &
Molltaler Glacier X X X X
(Austria)
Super Sauze X X X X

(France)

>
>
>
>
>
v

Vallcebre (Spain)

Villerville (France)
—
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Performed monitoring parameters at each SafeLand site



Velocity (mm/day)

SEVENTH MLAM WO

monitoring data

Vallcebre site: Correlation between

displacement velocity and groundwater
0

Detph of water level (m)

Conclusions on geo-indicators:

In most cases a correlation between
rainfall/snowmelt/groundwater table
variations and displacement is
observed, with a delay of O 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.

Safel and »
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3. EWS screening study

 Aim: analyse existing EWSs to base the
guidelines on

e 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)

e Poster by Clement Michoud (UNIL) this
afternoon

e
oy
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3.EWS screening study 4

Monitoring parameters, thresholds and sensors evaluation
30 1 3

25 1

20 19

Min, mean, and max numbers of sensors when used
15-|

10 1

GNSS
Laser
Stream
Humidity
Wind
Barometer

GB-Radar
Tiltmeters
Seismoters
Geophones

—
(<]
-
[J]
S
X
o
©
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Spaceborne InSAR
Extensometers

ism for total Station
Inclinometers
Piezometers
Pluviometers
Temperature
Weather forecast

« 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

sSensors 313 in averagez —> Redundancx IS imEortant but variable.
= '
Safel and »



3.EWS screening study =

Warnings, communication and decision making process

Ways to issue warnings (in %) use Conclusions of EWS screening

Very redundant! An EWS should:

70 A

60 -

50 A

40

30

20

10

46.2

* be redundant

* be robust

* be simple

* be protected from power and communication
loss

e monitor more than one parameter

e integrate all data for good overview

An EWS should not be:

.2
T

53
46 |
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TV

7.7
. I . . _ < vulnerable to the landslide
3 < based only on surface displacement data

iren
Radio

S
Website
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4. SafelLand operational software %71;.

REMOTE MONITORING STATIONS

Surface systems

- —{ Automatic data

: -

download from

Geotechnical

monitoring systems SEeNnsors

(DMS, piezometer, _

exentesimeter) T ¢ .
Output file

— conversion to a XML
file

Data availability on a
web server

FTP FTP

STAFF ON DUTY
Software early warning
Client
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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 ?

SIVENTH FLAME WO
FRGLAMML
DEBRIS FLOW?
no yes
FOR COMPLEX LANDSLIDES RESTART THE FLOW CHART FOR 1
EACH TYPE OF MOVEMENT COMPOSING THE LANDSLIDE
N SLIDE/D.5.G.5.0.7 ‘ EVACUATION REQUIRED?
yes "o
b
LY} DW{IMGDERATE FLO W? — LARGE POPULATION?
nni ves
warve | ¥
noe no | J,'ﬁ" es < onwy WT;\':ERS INVOLVED?
TGIPPL E f’ < ﬂ LDNG%J(EiD vE? >
RGCKFALL? RAIN GAUGE}F runaRISK? <
ves, no
e SNOWMETER
J
SINGLE BLOCK INSTABILITY? \J/
\’
n D\I/ Yes CLOiURE OF STREETS? CLOSfRE OF STREETS?
? yes no yes no
BUDGH-I INSTALL SIGNS, BARS, INSTALL SIGNS, BARS,
¥ i ALTERNATIVE ROUTES ALTERNATIVE ROUTES
ROCK MASS high mid
INSTABILITY ¢ I
BIG STREETS? FALSE ALARMS TOLERABLE?
yes no yes
¥ { »[ ¢
\[} G B-I nS AR EDM eounDANCY | [ consiDeR RebunpAncy | [ consioer conservaTive THRESHOLDS

ED NSIDER ETRUCTUHAL EDUNTEH | ' RfVERDnADMM.‘NG? vﬁ ;ﬁiuABiEELEMENTSATR.‘Si:D
MEASUHES INS TEAD DF EWS ‘J’ r PREPARE RELOCATION OF ELEMENTS AT RISK | ‘ CONSIDER NOT TO USE AN EWS

ne bves FEW PERSONNEL? —
=3
i’ COMMUNITY-BASED EWS, FURTHER EDUCATION
— MORE BUDGET? ¥
no
U ves DEBRIS FLOW? DEBRIS FLOW?
—  ROCKSLIDE? no yes yes| no
o 2-LEVELS EWS BASED ON AUTOMATIC
| EVENT DETECTION AND/OR ON
SEISMO ACOUSTIC RAINFALL THRESHOLDS IF AVAILABLE
SENSORS -
| HOMOGENEOUS DEFORMATIONS? COMPLEX BEHAVIOUR, UNCERTAINTIES?
‘ s, v w0 es
CONSIDER MULTIPLE
THRESHOLDS

—
3-LEVELS EWS. 1 OR 2 LEVELS BASED ON EXPERT

JUDGEMENT. THRESHOLDS ONLY AS INDICATORS

3-LEVELS EWS BASED ON AUTOMATIC
THRESHOLDS
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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 4

knowledge of institutional mitigation,
hazard commitment and education,

LLLLLL hanism “— prep In
TM\ i1 An EWS is an integrated system

communities

research \ Jv ‘
monitoring I
(initial state) system model
1~ (time evolving) prediction
2 (probabilistic)

* A EWS should be designed to guide a proper response behavior
» One should consider:
*the community and response capability
sunderstand the relationship between risk perception and risk communication
seducation, regular drifts, long-term funding to secure that residents feel safe
* A social study in Norway shows that:
sthe community favors a local decision (locals working in the operational unit)
s0penness, involvement and good communication with the residents at an
early stage has a positive effect on people’s perceived risk

SafeLandﬁ%




Partners
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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 Baron, B. Jochum, D. Ottowitz,
Robert Supper

International Centre for Geohazards, Norwegian Geotechnical Institute (ICG-NGI),
Norway : Linda M. Bye, Unni Eidsvig, Bj@grn Kalsnes, Anthony Lam, Suzanne
Lacasse, Farrokh Nadim, Magnus Sparrevik, Bjgrn Vidar Vangelsten

ITC, UN : André Stumpf, now at CNRS
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e Joint Research Centre (JRC), Europe: Miet Van Den Eeckhaut, Javier Hervds
e Risques & Développement (R&D), France: Eric Leroi

e Universita degli Studi di Firenze (UNIFI), Italy: Emanuele Intrieri

e Geological Survey of Slovenia (GeoZS) , Slovenia: Spela Kumelj

e Universita degli Studi di Milano-Bicocca (UNIMIB), Italy: Frederico Agliardi
e Universitat Politecnica de Catalunya (UPC), Spain: Josep Gili, Jose Moya

e Université de Lausanne (UNIL) , Switzerland : Clément Michoud, M.-H. Derron,
Michel Jaboyedoff

o Aknes /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.
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Introduction Reasons for research = Objectives = Consortium = Contact = Extranet

I Work Area 1 Work Area 2 Work Area 3 Work Area 4 Work Area 5
Improving knowledge Quantitative risk Quantifying global Development of Risk management
on landslide hazard assessment change scenarios monitoring technology
Goordinator: NGI, Postal address: P.0. Box 3930 Ultevaal Stadion, NO-0806 Osio, Norway __:; E %
SEVINTH IRAMFRORK
Tel: +47-22023000 Fax: +47-22230445Kontakt: Epost ngi@ngi.no PROGEAMME Natural Hazards 2

Thank you for your attention!

—
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