Monitoring landslide hydro-meteorology

Hydrogeochemistry — Surface and sub-surface water quality
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Monitoring landslide hydro-meteorology
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Amplification

Monitoring landslide seismology (micro-seismicity)

Seismic noise tomography
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Monitoring landslide seismology (micro-seismicity)

Micro-seismicity monitoring — Identification of slidequakes
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Criteria for the selection of the appropriate techniques

* |sthe landslide type a sufficient condition for the selection of the
optimal technique?
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Rotational landslide

e More criteria need to be considered!

r 4 Safel and B

* Guidelines have been proposed in the SafeLand EC Project
> Deliverable D4.4, Leaders: CNRS & ITC




Criteria for the selection of the appropriate techniques

e Spatial resolution
 Temporal resolution
e Costs of input data
* Accuracy

Technological

§ R oo * Type (style of movement)
Detection I * Displacement rate
Characterization * Scale
Rapid mapping | * Event history
Long-term monitoring Selection — .
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Criteria for the selection of the appropriate techniques

Detection
Characterization
Rapid mapping
Long-term monitoring

Task
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Criteria for the selection of the appropriate techniques

What are the technological constrains? More details

Ground-based sensors Remote-based sensors
e Spatial resolution * Data product
« Temporal resolution e Spatial resolution
* Accuracy  Temporal resolution
* Costs of input data * Accuracy level
* Additional costs for processing * Costs of input data
e Additional costs for EW * Availability of alternatives
 Development status e Spatial Coverage
e Elaboration time  Sensor type
e Platform




Criteria for the selection of the appropriate techniques

Availability of different ground-based, airborne and satellite

platforms and approximate operating altitudes

Kite  Ultralite/ Blimp Helicopter Drone/ Airplane HALE UAV Tethered

ground-based

satellite

[Kerle et al., 2008]



Criteria for the selection of the appropriate techniques

Spatial resolution
Temporal resolution
Costs of input data
Accuracy

Technological
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* Detection
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* Rapid mapping
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Criteria for the selection of the appropriate techniques

Landslide type

Displacement rates

Observation scale
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Methodology for the setup of the guidelines

 Collaborative online tables fulfilled by scientists for different:

 techniques
= @
‘-
)
—

. Passive optical
. Active optical
. Microwave

Other (airborne geophysics, offshore methods)

 platforms
Ground-based
Airborne
. Satellite

 Tables fulfilled according to:

* the expertise of the scientist

* the necessity of providing as much quantitative information
as possible

* the necessity of providing at least relative qualitative
approximations




Examples of tables used for each technique

Accuracy level

e description of the accuracy achievable with the

» costs of operator, additional software and/or

¢ Expressing also the possibility to obtain access to the
technology and the degree of expertise needed for

¢ Semi- quantitative description mncluding data
acquisition and processing tume

E e -E technique
: 2 F g s e ; : 1
o 'E § = o qualitative and/or in spatial units (e.g. m. m*, m*)
E =
Altarnatives e qualitative statement about the possibilities to derive
e B extracted information with other remote sensing
g 3 g techniques or in-situ measurements
w
Coverage * 1 Additional costs for
= rocessin s
N = B eq P g specialised hardware
i = = S
g- ¥ g 5 E * quantitative or qualitative
8 = 'E
Costs of input data
*P
E E = RN ¢ Maturity of the technology
T * o
: . R
g £ =
O] operation
Additional costs for rapid * Cf
Lentidhl Iy Estimated elaboration time
; *q :
= 3 [ 2§ :
E 22| 2
<]




Organisation of the guidelines

 Example of tables for passive observation techniques

Surface reconstruction with close i - ; : -
fange photogrammatr =| Al Visual image interpretation A7
maodified after Ladstaedter
and Kaufrmann 2004 =~ '
Sensor | Platform | Recording System | Contributing Applicable Method | Data product Sensor | Platform | Recording System | Contributing Applicable Data product
_ type system names institution | analysis methods Nr. type system names) | institution | analysis methods |  Nr.
Passive Ground - Metric Close range Al (see Historical Passive Alrborne Metric Visual interpretation | A7 (see Landslide area,
optical based, Low- cameras photagrammetric alsa AY) volume budgets, optical canmer s {high resolution and also A1-14) | number of
SENSOrs altitude e DSM generation viertical LENSOIS multispectral e at least colour | landslides,
aerial (D41 Part &:2-3) deformation, x information is landslide types
surface desirable, 4.1, Part
displacement | Al 2.2, 3.4,4.2) |
Accuracy level Alternatives Coverage Accuracy level Alternatives Coverage
i cm with Clase m E £ 5-25
historic | recent L range, ET km’ _m
Systems = up o 'E g o =
I 1km 2 o E 7]
E g distance § g E =
T - — —_ Spatial resolution | Temporal resolution Costs of input data
Spatial resolution | Temporal resolution Costs of input data 35.50 o More frequently avallable RS
10-50 ¢m Historical images usually only since 19905 recent 5-10
recorded every few years £/kn 2
1 -
Additional costs for rapid W 3
R P Additional costs for processing Development status == : = ¥
— = Additional costs for rapi T :
2 | P Additional costs for processing Development status
3 response = LA e a ——
2 4
2 £ H
5 s 2t
3 X s %
o
Estimated elaboration time Advantages Limitations =5
« Exploitation of already historical imagery » Constrains an viewing geometry and gaps in Estimated elaboration time Advantages Limitations
-_Orw UT the Iew.wuut's. forguantiative mc!lrdeq e R | = Established method for the & Subjective, time-consuming
histarie information on displacement and = Historic réconstruction only possibile where craation of landslide inventories
volumes regular surveys had been camried out 5N 3D eRi el DoeasEn
* Relatively low costs v Increasingly difficult with low view angles g : E 3
p techniques needed for the analysis
* Inhomogeneous accuracies dependent on the
image depth




Organisation of the guidelines

 Example of tables for

Airborne LiDAR scanning

1
madified after
Van Den Beckhaut et al. 2011

B3

5enso
rtype

Platform

Recording
system

System
names

Contributing
institution

Applicable
analysis methods

active observation techniques

SAR (C-band)

Small baseline spaceborne

maodified after

Method
Nr.

Data product

Active
optical
SENSar

Alrborne

LIDAR

e.g. Optech
ALTM

JRC

and 3.4)

Visual interpretation, B3 | x,yandz
marphostructural
analysis (D4.1 Part B
4), Object-ariented
analysis (04,3 3.3

roordinates of
| million points,
| areas, volumes,
| displacement

Accuracy level

Alternatives

Coverage

dm | em

Max.
range up
to & km
(Uypically
tron 1 up
to 3 km)

§

Regional scale

lLauknes etal. 2010 80
Applicable

c9

Method

Spatial resolution

0.1->30 |n‘yint5;,.fm-r

Temporal resolution

{month) typically years

Costs of input data

05 points/ m’
over large.
areas, aroind
100- 300 €/ m”

Additional costs for rapid

resolution data; 10 x
10 mI for high-
resolution data

Sensor | Platform | Recording System | Contributing Data product
type system names institution | analysis methods Ni.
Active Satellite InSAR [C- | ERS-1/2, SBAS - Small baseline 9 3D
WiETo | band) EMVISAT subset {D4.1; 431 | reconstruction of
wave SAR LINISA and Case study 11) | landslide
SENS0TS | | displacements
Accuracy level Alternatives Coverage
mm Swath
Width:50-
100 kin
MLt
smmjl Temporal resalution Costs of input data
resolution
_BO_:W far full- 3§lavs

I Additional costs for

Additional costs for processing

Development status

rapid response

3

20/ m’

Additional costs for pracessing Development status
response

=
i g
3 =
¥ & i =
¢ § zZ = g
= § s < g
[Estimated elaboration time Advantages Limitations

Expert
Interpretation

Point-eloud
PrOCessing

] . High accuracy

+ Near nadir viewing

» Software tools for post-processing widely
available

« Llseful in vegetated areas (LIDAR pulses
may penetrate through canopy)

* Major teething problems have been

|| solved by now

= Rather expensive

+ [ata collection can occur beneath
clouds and in some haze, but because
water absorbs most near infrared light, it
will not aperate correctly during Tog, rain,
Of SOawW.

» Bad coverage in steep terrain (e.g. cliffs)

~ Estimated elaboration time

| Advantages

[ Limitations

3 weeks for a 30 image data-set

« Fact data processing / low user
interaction

 High paint density in urban areas

» High accuracy

» Costetfective, regular updates over
large areas

* Fasy data-integration in standard GIS

| » Mot applicable in densely vegetated and
forested areas
& costly for specific lacal analysis
= Low-reflectivity areas (e.g. smooth
surfaces and certain materials).
» Tesnporal sampling limited by satellite
repeat-rycles
= Only “slow” detormation can be
measured (<10 cmfyr in LOS)

ll = difficult anticipation of PS distiibution
in an area

I = SAR data must be acquired by the same

| satellite




Organisation of the guidelines

= Synthetic tables for the selection of suitable methods

for different landslide types

according to their expected velocity and their activity state

(pre-failure, failure, post-failure)
the tasks in risk management

Remote
sensing
techniques for
landslide
investigation

Landslide displacement rates {(mm/sec)

Ext:s:elv Very slow Slow Moderate | Rapid | Very rapid Ex:fp':;ﬂ?
5x107 5x10” 5x10° S5x10°7 S5x10° 5x10°
Velocity range of common types of landslides
Rockfall
Slide and flow in clayey materials Slide in hard rocks and fragile
(including mudslide and earthflow) overconsolidated clays
Shallow slide and debris flow

Detaction

Satellite InSAR "

J ALs ™

High resolution satellite image analysis a

satellite InsaR '

Fast charac- GB-InSAR '
terization Tis & ALS'
| Ground based cameras '
Satellite InSAR'
GB-InsAR'
Rapid = Radar dist -
apl. Radar distance-meter’ Al aim:e
mapping meter
Ts'
| Ground based video and non-metric cameras '
GB-INSAR, Satellite InSAR '
bong tarr Tis, aLs'
maonitoring

E 5 - (]
GB video, metric cameras ,non-metric cameras




Conclusion
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Grant Agreement No.: 226479

SafelLand

Living with landslide risk in Europe: Assessment,
effects of global change. and risk management strategies

7® Framework Programme
Cooperation Theme § Environment {mecluding climate change)
Sub-Actmaty 6.1.3 Natural Hazards

Deliverable D4

Guidelines for the selection of appropnate remote sensing tecknologies for
momtorng different types of landshdes

Work Package 4.2 — Remote Sensing technologies for landslide detection,
monitoring and rapid mapping

P Safeland

Comprehensive base for the
comparison of relevant monitoring
techniques

Guidelines and checklist for scientists
and stakeholders to select among the
most relevant / suitable techniques
according to criteria

A guidepost to experts and relevant
websites for specific services (e.g.
Safer, Doris, GMES, Pléaides, Sentinel,
etc) and processing softwares
(commercial, open source)
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Grant Agreement No.: 226479

SafelLand

Living with landslide risk in Europe: Assessment,
effects of global change. and risk management strategies

7® Framework Programme
Cooperation Theme § Environment {mecluding climate change)
Sub-Actity 6.1.3 Natural Hazards

Deliverable D4

Guidelines for the selection of appropnate remote sensing tecknologies for
momtorng different types of landshdes

Work Package 4.7 — Remote Sensing technologies for landslide detection,
monitonng and rapid mapping

? SafeLand™

Guidelines presented and discussed at
ESA Forum in May 2012, Santorini

+ INTERNATIONAL FORUM ON SATELLITE EARTH
OBSERVATION FOR GEO-HAZARD RISK MANAGEMENT

¢1-23 May 2012 | Santorini Convention Centre | Greece

Guidelines presented in a manuscript
submitted to ESR — Earth Science
Reviews (Stumpf, Malet, Kerle,
Michoud, Jaboyedoff & Casagli)



Conclusion: towards “Landslide Observatories”

omiv.osug.fr

Organisation / Team

Super-Sauze mudslide

Welcome to the 'Observatoire Multidisciplinaire des Instabilités de

Versants' (OMIV)

The primary duties of the French Observatory OMIV on landslide processes are to
conduct geomorphologic, geologic, hydrologic, geophysical and seismic studies
related to long-term monitoring, understanding of processes, and assessment of
hazards at several active landslides charactenstics of several types of actvity, and to
maintain a freely accessible multi-parameter database on these landslides.

La Valette mudslide

Villerville landslide

Barcelonnette area

Data access

Publications

Links

Conference Landslide
Processes
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Conclusion: towards “Landslide Observatories”

Observatoire Multidisciplinaire des Instabilités de Versants

accuell Partenaires Sites etudies Donnees Actualités
Objectifs Sites O,
Projets

La Clapiere Sechilienne mas d'avignonet Super Sauze
> :

Al

Publications
Liens

Contacts

T e Brie e | linws cle Smershie

’Nsu Autres sites Etudiés par les partendires ORIV

Saint Guillaume Chamousset Chamousset 2 Tié\.res

La Praz La Yalette Yillerville Utiku, New Zealand



Organisation / Team

Home : Data Access > Super-Sauze mudslide

Sharing ‘long-term’ landslide data for research

INSU | CHRS | 05UG | EOST | LGIT | GeoAzur | LST | DO

Super-Sauze mudslide

La Valette mudslide

Villerville landslide

Barcelonnette area

Data access

= Super-Sauze

* La Valette

« Villenlle

* Barcelonnette area

Publications

Links

Data Access - Super-Sauze mudslide

Data download: click on document name
{#): restricted use
Far any question: Jean-Philippe Malet

Meteornlogy
& Meteo station & snow depth

Hydrology & hydrodynamics
@ Pore water pressure

— Hyidrology & inclinometry
([ Geobeads)
= Temperature (DTS)

Kinemalics

® Selsmometer
{June/duly 2000

& Extensometer
¥ GPS
» lopo benchmark

l Hut with YHR
optical camera

Geomorphology

Geometry and structure
Displacement

Meteorology

Hydrology

Seismology

Aerial and satellite remote sensing




Sharing ‘long-term’ landslide data for research
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Continuous monitoring by dGPS and baseline processing at Day+1



Questions, suggestions, remarks?



