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Books

1998
Rouiller, J.-D., Jaboyedoff, M., Marro, C., Phlippossian, F. & Mamin, M. (1998):
Pentes instables dans le Pennique valaisan. Rapport final PNR31. VDF 239 p.

1995
Jaboyedoff, M., Phlippossian, F., Mamin, M., Marro, C. & Rouiller, J.-D. (1995):
Distributions spatiales des discontinuités dans une falaise. Cahier du PNR31. VDF
90 p. (This book has been wrongly attributed to Rouiller as first authors)

Edited Book
2016
Sudmeier-Rieux, K., Jaboyedoff, M., Fernandez, M., Penna, I. and Gaillard, JC.
(2016): Identifying emerging issues in Disaster Risk Reduction, Migration, Climate
change and Sustainable development. Shaping debates and policies, Springer. 281 p.
2011
Jaboyedoff, M. (editor) (2011): Slope tectonics. Geological Society Special Publication.

Edited issues

Abellan A., Derron M.-H. and Jaboyedoff M. (Guest Editors) (2015): Use of LiDAR and
3D point clouds in Geohazards. Remote Sensing.
http!//www.mdpi.com/journal/remotesensing/special_issues/geohazards#editors

Jaboyedoff M., Derron M.-H., Buckley S. and Scaioni M. (Guest Editors) (2015): Vertical
Geology — Lausanne 2014. FEuropean Journal of Remote Sensing.
http://www.aitjournal.com/

Baron I. and Jaboyedoff M. (editors) (2013): Slope Tectonics: Structures and Slope
Failures. Tectonophysics, Volume 605, Pages 1-168 (11 October 2013).

Catani F., Casagli N., Segoni S., Tofani V., Jaboyedoff M., and Giinther A. (eds.) (2013):
New developments and applications in early warning, monitoring and remote
sensing of landslides. NHESS - Special Issue.
http://www.nat-hazards-earth-syst-sci.net/special_issuel168.html

Nicolet P., Derron M.-H. Jaboyedoff M. (Eds.) (2013, printed). Les dangers naturels en
Suisse - pratiques et développements - Comptes rendus de la deuxiéme Journée de

Rencontre sur les Dangers Naturels (Université de Lausanne, 18 février 2011).



Société vaudoise des Sciences naturelles - MEMOIRE - VOL. 25.

Derron, M.-H. and Jaboyedoff M (editors) (2010): LIDAR and DEM techniques for
landslides  monitoring and  characterization. @NHESS  special Issue
(http://www.nat-hazards-earth-syst-sci.net/special_issue85.html).

Jaboyedoff, M. and Crosta, G.B. and Arattano, M. (editors) (2005): Landslides and
debris-flows: analysis, monitoring, modeling and hazard assessment. NHESS

Special Issue. (http://www.copernicus.org/EGU/nhess/special issues.html).

Publications in peer reviewed ranked journals
2016

1. Bechet, J., Duc, J., Loye, A., Jaboyedoff, M., Mathys, N., Malet, J.-P., Klotz, S., Le
Bouteiller, C., Rudaz, B., and Travelletti, J. (2016): Detection of seasonal cycles of
erosion processes in a black marl gully from a time series of high-resolution digital
elevation models (DEMs), Earth Surf. Dynam. 4, 781-798,
doi:10.5194/esurf-4-781-2016.

2. Aye Z.C., Charriére M., Olyazadeh R., Derron M.-H. and Jaboyedoff M. (2016):
Evaluation of an open-source collaborative webgis prototype in risk management
with students. Spatial Information Research, 24, 169-179.

3. Olyazadeh, R.Aye, Z.C., Jaboyedoff, M., Derron, M-H (2016): Prototype of an
Open-Source Web-GIS platform for Rapid Disaster Impact Assessment. Spatial
Information Research, 24, 203—210.

4. Longchamp, C., Abellan, A., Jaboyedoff, M., and Manzella, I. (2016): 3-D models
and structural analysis of rock avalanches: the study of the deformation process to
better understand the propagation mechanism, Earth Surf. Dynam., 4, 743-755,
doi:10.5194/esurf-4-743-2016.

5. Franz, M., Carrea, D., Abellan, A, Derron, M-H, Jaboyedoff, M. (2016). Use of
targets to track 3D displacements in highly vegetated areas affected by landslides.
Landslides, 13: 821-831. DOI 10.1007/s10346-016-0685-7.

6. Leibundgut G, Sudmeier-Rieux K., Devkota S., Jaboyedoff M., Derron M.-H.,
Penna I. and Nguyen L. (2016): Rural earthen roads impact assessment in Phewa
watershed, Western region, Nepal. Geoenvironmental Disasters, 3:13.

7. Loye A., Jaboyedoff M., Theule J.I., and Liébault F. (2016): Headwater sediment
dynamics in a debris flow catchment constrained by high-resolution topographic
surveys. Earth Surf. Dynam. 4, 489-513.

8. Pedrazzini A., Humair F., Jaboyedoff M. and Tonini M. (2016): Characterization

and spatial distribution of gravitational slope deformation in the Upper Rhone



10.

11.

12.

13.

14.

15.

16.

17.

18.

catchment (western Swiss  Alps). Landslides: 13:259-2717. DOI
10.1007/s10346-015-0562-9.

Michoud C., Baumann V., Lauknes T.R., Penna I, Derron M.-H., Jaboyedoff M.
(2016): Large Slope Deformations Detection and Monitoring along Shores of the
Potrerillos Dam Reservoir, Argentina, based on a Regional 3 Small-Baseline
InSAR Approach. Landlsides: 13, 451-465. DOI 10.1007/s10346-015-0583-4.
Aristizabal, E.V.,, Vélez, J.I. Martinez, H.E. and Jaboyedoff, M. (2016):
SHIA_LANDSLIDE: a distributed physically based model to forecast the temporal
and spatial occurrence of shallow landslides triggered by rainfall in tropical and
mountainous basins. Landslides: 13, 497-517. DOI 10.1007/s10346-015-0580-7
Cloutier, C., Locat, J., Couture, R., Jaboyedoff, M. (2016) The anatomy of an active
slide: the Gascons rockslide, Québec, Canada. Landslides, 13, 241-258.
doi:10.1007/s10346-015-0566-5

Nicolet, M. Jaboyedoff M., Cloutier C., Crosta G.B. and Lévy S. (2015): Brief
Communication: On direct impact probability of landslides on vehicles. Nat.
Hazards Earth Syst. Sci., 16, 995-1004.

D'Amato, J., Hantz, D., Guerin, A., Jaboyedoff, M., Baillet, L., and Mariscal, A.
(2016): Influence of meteorological factors on rockfall occurrence in a middle
mountain limestone cliff, Nat. Hazards Earth Syst. Sci. 16, 719-735,
doi:10.5194/nhess-16-719-2016.

Abellan, A., Derron, M-H., Jaboyedoff, M., (2016). “Use of 3D Point Clouds in
Geohazards” Special Issue: Current Challenges and Future Trends. Remote
Sensing 8, 130. DOI: 10.3390/rs8020130

Charriére M., Humair F., Froese C., Jaboyedoff M., Pedrazzini A. and Longchamp
C. (2016): From the source area to the deposit: collapse, fragmentation and
propagation of the Frank Slide. GSA Bulletin, 128, 332-351. doi: 10.1130/B31243.1
Aye, Z.C., Jaboyedoff, M., Derron, M-H., van Westen, C.J., Hussin, H.Y., Ciurean,
R.L., Frigerio, S., Pasuto, A. (2016). An interactive web-GIS tool for risk analysis:
a case study in the Fella River Basin, Italy (accepted). Nat. Hazards Earth Syst.
Sci., 16, 85—-101. d0i:10.5194/nhess-16-85-2016

Carrea D., Abellan A., Humair F., Matasci B., Derron M.-H., Jaboyedoff M. (2016):
Correction of terrestrial LiDAR intensity channel using Oren—Nayar reflectance
model: An application to lithological differentiation. ISPRS Journal of
Photogrammetry and Remote Sensing: 113, 17-29.

Aye, Z.C., Sprague, T., Cortes, V.J., Prenger-Berninghoff, K., Jaboyedoff, M. and
Derron, M.H. (2016): A collaborative (web-GIS) framework based on empirical



2015

19.

20.

21.

22.

23.

24.

25.

26.

data collected from three case studies in Europe for risk management of
hydro-meteorological hazards. Int. J. of Disaster Risk Reduction, 15, 10-23,
do1:10.1016/;.1jdrr.2015.12.001

Sudmeier-Rieux, K., Paleo, U.F, Garschagen, M., Estrella, M. Renaud, F.G. and
Jaboyedoff, M. (2015). "Opportunities, incentives and challenges to risk sensitive
land use planning: Lessons from Nepal, Spain and Vietnam." Int. J. of Disaster
Risk Reduction 14: 205-224.

Kropat G., Bochud F., Jaboyedoff M., Laedermann J.-P., M. Palacios M. and
Baechler S. (2015): Improved predictive mapping of indoor radon concentrations
using ensemble regression trees based on automatic clustering of geological units.
Journal of Environmental Radioactivity, 147, 51-62.

Jaboyedoff M, Derron M.-H., Buckley S.J. and Scaioni M. (2015): Introduction to
Vertical Geology thematic issue. European Journal of Remote Sensing: 48, 479 -
487. DOI: 10.5721/EudRS20154827

Matasci B., Carrea C., Abellan A., Derron M.-H., Humair F., Jaboyedoff M.,
Metzger R. (2015): Geological mapping and fold modeling using Terrestrial Laser
Scanning point clouds: application to the Dents-du-Midi limestone massif
(Switzerland). Conf. Vertical Geology - Lausanne 2014. European Journal of
Remote Sensing: 48,569 — 591. DOI: 10.5721/EudJRS20154832

Guerin A., Nguyen L., Abellan A., Carrea D., Derron M.-H., Jaboyedoff M. (2015) -
Common problems encountered in 3D mapping of geological contacts using
high-resolution terrain and image data. Conf. Vertical Geology - Lausanne 2014.
European Journal of Remote Sensing: 48, 661 - 672. DOI:
10.5721/EudJRS20154836

Humair F.,, Abellan A., Carrea D., Matasci B., Epard J.-L. , Jaboyedoff M. (2015)
Geological layers detection and characterisation using high resolution 3D point
clouds: example of a box-fold in the Swiss Jura Mountains. Conf. Vertical Geology
- Lausanne 2014. European Journal of Remote Sensing: 48, 541 — 568. DOI:
10.5721/EudRS20154831

Kromer R, Abellan A., Hutchinson J., Lato M., Edwards T. and Jaboyedoff M.
(2015): A 4D filtering and calibration technique for small-scale point cloud change
detection with a Terrestrial Laser Scanner. Remote Sens. :7(10), 13029-13052;
do0i:10.3390/rs71013029

Bohme M., Oppikofer T., Longva O., M. Jaboyedoff M., Hermanns R.L., Derron
M.-H. (2015): Analyses of past and present rock slope instabilities in a fjord valley:

_10_



27.

28.

29.

30.

Implications for hazard estimations. Geomorphology: 248, 464—474.

Kropat G., Bochud F., Jaboyedoff M., Laedermann J.-P., M. Palacios M. and
Baechler S. (2015): Improved predictive mapping of indoor radon concentrations
using ensemble regression trees based on automatic clustering of geological units.
Journal of Environmental Radioactivity: 147, 51-62.
dx.doi.org/10.1016/j.jenvrad.2015.05.006

Matasci B., Jaboyedoff M., Loye A., Pedrazzini A., Derron M.-H., Pedrozzi G.
(2015): Impact of fracturing pattern on rockfall susceptibility and erosion rate in
stratified limestone. .Geomorphology: 241, 83-97.

Aye, Z.C., Jaboyedoff, M., Derron, M-H., van Westen, C.J (2014). Prototype of a
web-based participative decision support platform in natural hazards and risk
management. ISPRS Int. J. Geo-Inf. 2015, 4, 1201-1224; do0i:10.3390/1jg14031201.
Mavrouli O., Corominas J. & Jaboyedoff M. (2015): Size distribution for
potentially unstable rock masses and in-situ rock blocks using LIDAR generated
Digital Elevation Models. Rock Mechanics and Rock Engineering: 48, 1589-1604.
DOI 10.1007/s00603-014-0647-0

31.Cloutier C., Agliardi F., Crosta G.B., Frattini P., Froese C., Jaboyedoff M., Locat J.,

32.

33.

34.

35.

36.

Michoud C. and Marui H. (2015). The First International Workshop on Warning
criteria for Active Slides: technical issues, problems and solutions for managing
early warning systems. Landslides: 12, 205-212. DOI 10.1007/s10346-014-0530-9
Theule J. I., Liébault F., Laigle D., Loye A., and Jaboyedoff M. (2015): Channel
scour and fill by debris flows and bedload transport. Geomorphology: 243, 92—105.
d0i:10.1016/j.geomorph.2015.05.003

Cloutier C., Locat J., Couture R., Jaboyedoff M. (2015): The anatomy of an active
slide: the Gascons rockslide, Québec, Canada. Landslides, 12, 205-212. DOI
10.1007/s10346-015-0566-5.

Bechet J., Duc J., Jaboyedoff M., Loye A. and Mathys N. (2015): Erosion processes
in black marl soils at the millimetre scale: preliminary insights from an analogous
model. Hydrol. Earth Syst. Sci., 19, 1849-1855, d0i:10.5194/hess-19-1-2015.
Michoud C., Carrea D., Costa S., Derron M.-H., Jaboyedoff M., Davindson R.,
Delacourt C., Letortu P. and Maquaire O. (2015): Landslides Detection and
Monitoring Capability of Boat-based Mobile Laser Scanning along Dieppe Coastal
Cliffs, Normandy. Landslides, 12, 403-418. DOI 10.1007/s10346-014-0542-5
Kropat G., Bochud F., Jaboyedoff M., Laedermann J.-P., Murith C., Palacios M.,
Baechler S. (2015) Predictive analysis and mapping of indoor radon

concentrations in a complex environment using kernel estimation: an application

_11_
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37.

38.

39.

40.

41

42.

2013

43.

44.

45.

46.

47.

to Switzerland. Science of the Total Environment, 505: 137-148.

Royan M.-J., Abellan A., Jaboyedoff M., Vilaplana J.-M. and Calvet J. (2014):
Spatio-temporal analysis of rockfall pre-failure deformation using terrestrial lidar.
Landslides: 11, 697-709.

Tonini M., Pedrazzini A., Penna I., Jaboyedoff M. (2014): Spatial pattern of
landslides in Swiss Rhone Valley. Natural Hazards. 73(1), 97-110.

Riquelme A. J., Abellan A., Tomas R. and Jaboyedoff M. (2014): A new approach
for semi-automatic rock mass joints recognition from 3D point clouds. Computers
& Geosciences: 68, 38—52.

Michelletti N. Foresti L., Robert S., Leuenberger M., Pedrazzini A., Jaboyedoff M.
and Kanevski M. (2014): A study of feature selection methods of machine learning

for landslide susceptibility mapping. Mathematical Geosciences: 46, 33-57.

. Abellan A., Oppikofer T., Jaboyedoff M., Rosser N.J., Lim M., Lato M. (2014):

Review of terrestrial laser scanning of rock slopes. Earth Surface Processes and
Landforms: 39, 80-97.

Kropat G., Bochud F., Jaboyedoff M., Laedermann J.-P., Murith C., Palacios M.
and Baechler S. (2014): Major influencing factors of indoor radon concentrations

in Switzerland. J. Environmental Radioactivity 129: 7-22.

Voumard J., Caspar O., Derron M.-H., and Jaboyedoff M. (2013): Dynamic risk
simulation to assess natural hazards risk along roads. Nat. Hazards Earth Syst.
Sci., 13, 2763-27717.

Nicolet P., Foresti L., Caspar O., and Jaboyedoff M. (2013): Shallow landslides
stochastic risk modelling based on the precipitation event of August 2005 in
Switzerland: results and implications. Nat. Hazards Earth Syst. Sci., 13,
3169-3184.

Michoud C., Bazin S., Blikra L.H., Derron M.-H. and Jaboyedoff M. (2013):
Experiences from site-specific landslide early warning systems. Nat. Hazards
Earth Syst. Sci., 13, 2659-2673.

Jaboyedoff M., Penna I., Pedrazzini A., Baron I.; Crosta G.B. (2013): An
introductory review on gravitational-deformation induced structures, fabrics and
modeling. Tectonophysics, 605, 1-12.

Humair F. Pedrazzini A. Epard E., Froese C. and Jaboyedoff M. (2013): Structural
characterization of Turtle Mountain anticline (Alberta, Canada) and impact on

rock slope failure. Tectonophysics, 605, 133-148.

_12_



48.

49.

50.

51.

52.

53.

2012

54.

55.

56.

57.

58.

Pedrazzini A., Jaboydeoff M., Loye A. and Derron M.-H. (2013): From deep seated
slope deformation to rock avalanche: Destabilization and transportation models of
the Sierre landslide (Switzerland). Tectonophysics, 605, 149-168.

Sudmeier-Rieux, K, Jaquet, S, Jaboyedoff, M. (2013): Operationalizing ‘resilience’
for disaster risk reduction in mountainous Nepal. Disaster Prevention and
Management, 22, 366 — 377.

Horton P., Jaboyedoff M., Rudaz B. and Zimmermann M. (2013): Flow-R, a model
for susceptibility mapping of debris flows and other gravitational hazards at a
regional scale. Nat. Hazards Earth Syst. Sci., 13, 869-885.

Travelletti J., Malet J.-P., Samyn K., Grandjean G. aand Jaboyedoff M. (2013):
Control of landslide retrogression by discontinuities: evidences by the integration
of airbone- and ground-based geophysical information. Landslides, 10 (1), 37-54.
Penna I.M., Derron M.-H.1, Jaboyedoff M., Hungr O. (2013):Hazard assessment
for natural dam formation and failure along the Santa Cruz river (southern San
Juan province, Argentina). Geomorphology, 186, 28—38.

Bohme M.,. Hermanns R.L, Oppikofer T., Fischer L., Eiken T., Bunkholt H.S.S.,
Pedrazzini A., Derron M.-H., Jaboyedoff M., Blikra L.H., Nilsen B. (2013):
Analyzing complex rock slope deformation at Stampa, western Norway, by
integrating geomorphology, kinematics and numerical modeling. Eng. Geol., 154,

116-130.

Loye A., Pedrazzini, Theules J., Jaboyedoff M., Liébault F., & Metzger R. (2012):
Influence of bedrock structures on the spatial pattern of erosional landforms in
small alpine catchments. ESPL, 37, 1407-1423.

Theule J. 1., Liébault F.,, Loye A., Laigle D., and Jaboyedoff M. (2012): Sediment
budget monitoring of debris-flow and bedload transport in the Manival Torrent,
SE France. Nat. Hazards Earth Syst. Sci., 12, 731-749.

Horton P., Jaboyedoff M., Metzger R., Obled C. and Marty R. (2012): Spatial
relationship between the atmospheric circulation and the precipitation measured
in the western Swiss Alps by means of the analogue method. Nat. Hazards Earth
Syst. Sci., 12, 777-784.

Pedrazzini A., Froese C.R., Jaboyedoff M., Hungr O., Humair F. (2012):
Combining digital elevation model analysis and run-out modeling to characterize
hazard posed by a potentially unstable rock slope at Turtle Mountain, Alberta,
Canada. Engineering Geology 128 , 76-94.

Mainsant G., Larose E., Bronnimann C., Jongmans D., Michoud C., Jaboyedoff M.

_13_



59.

60.

61.

62.

63.

64.

2011

65.

66.

67.

(2012):Ambient seismic noise monitoring of a clay landslide: toward failure
prediction. JGR-ES, 117, F01030, 12 PP. do0i:10.1029/2011JF002159

Bois T., Bouissou S. and Jaboyedoff M. (2012) : Influence of structural
heterogeneities and of large scale topography on imbricate gravitational rock
slope failures: New insights from 3-D physical modelling and geomorphological
analysis. Tectonophysics, v 526—529, p. 147-156, doi: 10.1016/j.tecto.2011.08.001.
Brideau M.-A., Sturzenneger M., Stead D., Jaboyedoff M., Lawrence M., Roberts
N., Ward B., Millard T., Clague, J. (2012). Stability analysis of the 2007 Chehalis
lake landslide using discontinuity data obtained from long-range photogrammetry
and airborne-lidar digital elevation models. Landslides, 9:75-91.

Michoud C., Derron M.-H., Horton P., Jaboyedoff M., Baillifard F.-J., Loye A.,
Nicolet P., Pedrazzini A., Queyrel A. (2012): Rockfall hazard and risk assessments
along roads at a regional scale: example in Swiss Alps. Nat. Hazards Earth Syst.
Sci., 12, 615-629.

Lévy S., Jaboyedoff M., Locat J., Demers D. (2012) Erosion and channel change as
factors of landslides and valley formation in Champlain Sea Clays: The Chacoura
River, Quebec, Canada.. Geomorphology. 145-146, 12-18.
d01:10.1016/j.geomorph.2011.09.014.

Sudmeier-Rieux K., Jaquet S., Derron M.-H., Jaboyedoff M., Devkota S. (2012): A
Case Study of Landslides and Coping Strategies in Two Villages of
Central-Eastern Nepal. Applied Geography. 32, 680-690.

Jaboyedoff, M., Oppikofer, T., Abellan, A., Derron, M.-H., Loye, A., Metzger, R.,
Pedrazzini, A. (2012): Use of LIDAR in landslide investigations: a review. Natural
Hazards, 61:5-28, DOI 10.1007/s11069-010-9634-2.

Volkwein A., Schellenberg K., Labiouse V., Agliardi F., Berger F., Bourrier F.,
Dorren L. K. A., Gerber W., and Jaboyedoff M. (2011): Rockfall characterisation
and structural protection — a review Nat. Hazards Earth Syst. Sci., 11, 2617-2651,
2011. doi:10.5194/nhess-11-2617-2011.

Brideau, M.-A., Pedrazzini, A., Stead, D., Froese, C., Jaboyedoff, M. and van Zeyl,
D. (2011): Three-dimensional slope stability analysis of South Peak, Crowsnest
Pass, Alberta, Canada. Landslides, 8(2): 139-158.

Sudmeier-Rieux K., Jaboyedoff M., Breguet A., and Dubois J. (2011): The 2005
Pakistan Earthquake Revisited: Methods for Integrated Landslide
Assessment.Mountain  Research and  Development  31:112-121.  doi:
10.1659/MRD-JOURNAL-D-10-00110.1

_14_



68

69

70

. Oppikofer T., Jaboyedoff M., Pedrazzini A., Derron M.-H. and Blikra L. (2011)
Detailed DEM analysis of a rockslide scar to characterize the basal sliding surface
of active rockslides. JGR Surface. doi:10.1029/2010JF001807.

. Jaboyedoff, M. and Labiouse V. (2011) Technical Note: Preliminary estimation of
rockfall runout zones Nat. Hazards Earth Syst. Sci., 11, 819-828.

. Kappes, M:, Malet J.-P., Remaitre A., Horton P., Jaboyedoff M. (2011) Assessment
of debris flow suceptibility at medium-scale in the Ubaye valley, France. Nat.

Hazards Earth Syst. Sci., 11, 627-641.

2010

71

72.

73.

74.

75.

76.

7T.

78.

. Blahut J., Sterlacchini S., Horton P., and Jaboyedoff M. (2010): Debris flow hazard
modelling on medium scale: Valtellina di Tirano, Italy. NHESS, 10, 2379-2390.
Wick E., Baumann V., and Jaboyedoff M. (2010): Brief Communication: Report on
the impact of the 27 February 2010 earthquake (Chile, Mw 8.8) on rockfalls in the
Las Cuevas valley, Argentina. NHESS. 1989-1993.

Derron M.-H. and Jaboyedoff M. (2010): LIDAR and DEM techniques for
landslides monitoring and characterization. Nat. Hazards Earth Syst. Sci., 10,
1877-1879.

Oppikofer T., Jaboyedoff M., Demers D., Locat J., Locat A., Locat P. Robitaille D.,
and Turmel D. 2010. Reply to Discussion: Use of terrestrial laser scanning for the
characterization of retrogressive landslides in sensitive clay and rotational
landslides in river banks. CGdJ 46(12) 1379-1390.

Burki, V. Hansen, L., Fredin, O., Andersen, T., Beylich, A., Jaboyedoff, M., Larsen,
E., Tonnesen, J.-F. (2010): Little Ice Age advance and retreat sediment budgets for
an outlet glacier in western Norway. Boreas, 39, 551-566.

Viero A., Teza T., Massironi M., Jaboyedoff M., Galgaro A. (2010): Laser
scanning-based recognition of rotational movements on a deep seated
gravitational instability: The Cinque Torri case (North-Eastern Italian Alps).
Geomorphology, 122, 191-204.

Superchi L., Floris M., Ghirotti M., Genevois R., Jaboyedoff M., Stead D. (2010):
Implementation of a geodatabase of published and unpublished data on the
catastrophic Vaiont landslide. NHESS. 10, 865-873.

Travelletti, J., Demand, J. Jaboyedoff, M. and Marillier, M. (2010): Mass
movement characterization using a reflexion and refraction seismic survey with

the sloping local base level concept. Geomorphology, 116, 1-10.

2009

79

. Jaboyedoff, M., Oppikofer, T., Locat, A., Locat, J., Turmel, D., Robitaille, D.,

_15_



80.

81.

82.

83.

84.

85.

2008

86.

2007

87.

2006

88.

2005

89.

90.

Demers, D. and Locat, P. (2009): Use of ground-based Lidar for the analysis of
retrogressive landslides in sensitive clay and of rotational landslides in river
banks. Canadian Geotechnical Journal. 46, 1-12.

Otto J.-Ch., Schrott L., Dikau R. and Jaboyedoff M. (2009): Quantifying sediment
storage in a high Alpine valley (Turtmanntal, Switzerland). Earth Surface
Processes and Landforms, 34, 1726-1742.

Loye A., Jaboyedoff M., and Pedrazzini, A. (2009): Identification of potential
rockfall source areas at a regional scale using a DEM-based geomorphometric
analysis. NHESS, 9, 1643-1653.

Oppikofer, T., Jaboyedoff, M., Blikra, L. & Derron, M. (2009): Characterization
and monitoring of the Aknes rockslide using terrestrial laser scanning. NHESS, 9,
10003-1019.

Abellan, A., M. Jaboyedoff, T. Oppikofer, J M. Vilaplana (2009): Detection of
millimetric deformation using a terrestrial laser scanner: Experiment and
application to a rockfall event. NHESS, 9, 365-372.

Froese C.R., Moreno F., Jaboyedoff, M. Cruden D.M. (2009): 25 Years of Movement
Monitoring on the South Peak of Turtle Mountain: Understanding the Hazard.
Can. Geotech. dJ., 46: 256-269.

Jaboyedoff, M., Couture, R. and Locat, P. (2009): Structural analysis of Turtle
Mountain (Alberta) using digital elevation model: toward a progressive failure.

Geomorphology. 103: 5-16.

Oppikofer, T., Jaboyedoff, M. and Keusen, H.-R. (2008): Collapse of the eastern
Eiger flank in the Swiss Alps. Nature Geosciences, 1, 531-535.

Sturzenegger, M., Sartori M., Jaboyedoff M. and Stead, D. (2007): Regional
deterministic characterization of fracture networks and its application to

GIS-based rock fall risk assessment. Engineering Geology 94, 201-214.

Locat, P. Couture, R., Locat, J., Leroueil, S. and Jaboyedoff, M. (2006):
Fragmentation energy in rock avalanches. Can. J. Geotech. 43, 830-851.

Jaboyedoff M. and Derron M.-H., (2005): A new method to estimate the infilling of
alluvial sediment of glacial valleys using a sloping local base level. Geografia
Fisica e Dinamica Quaternaria, 28, 37-46.

Jaboyedoff, M., Dudt, J. P. and Labiouse, V. (2005): An attempt to refine rockfall

_16_



91.

92.

2004

93.

94.

95.

2003

96.

97.

98.

2002

99.

2001

hazard zoning based on the kinetic energy, frequency and fragmentation degree.
Natural Hazards and Earth System Science, 5, 621-632.

Derron, M.-H, Blikra, L. and Jaboyedoff, M. (2005): Preliminary Assessment of
Landslide and Rockfall Hazards using a DEM (Oppstadhornet, Norway). NHESS,
5, 285—-292.

Jaboyedoff, M., Derron, M.-H. and Manby, G.M. (2005): Seismic Hazard
Assessment using Gradient of Uplift Velocities on the Turan Block (Central Asia).
NHESS, 5, 43 - 47.

Jaboyedoff, M., Baillifard F., Bardou, E., and Girod, F. (2004): Weathering, cycles
of saturation-unsaturation, and strain effects as principal processes for rock mass
destabilization. Quarterly Journal of Engineering Geology and Hydrogeology. 37,
95-103.

Jaboyedoff, M., Ornstein P. and Rouiller J.-D. (2004): Note on the design of a
geodetic database and associated tools for monitoring slope movements: The
example of Randa rockfall scar. NHESS. Vol 4: 187 - 196.

Jaboyedoff, M., Baillifard, F., Philippossian, F. & Rouiller, J.-D. (2004): Assessing
the fracture occurrence using the weighted fracturing density: a step towards

estimating rock instability hazard. NHESS. Vol 4, 83-93.

Baillifard, F., Jaboyedoff, M. & Sartori, M. (2003): Rockfall hazard mapping along
a mountainous road in Switzerland using an empirical approach. Natural
Hazards and Earth System Sciences. 3, 435-442.

Sartori, M., Baillifard, F., Jaboyedoff, M. & Rouiller, J.-D.(2003): Kinematics of
the 1991 Randa rockfalls (Canton of Valais, Switzerland). Natural Hazards and
Earth System Sciences. 3, 423-433.

Jaboyedoff, M., Pastorelli, S. (2003): Perturbation of the heat flow by water
circulation in a mountainous framework. Examples from the Swiss Alps. Eclgae

Helv., 96, 37-47.

Jaboyedoff, M. and Thélin, P. (2002): PATISSIER: software to estimate the
smectite content and number of consecutive illite layers in mixed-layer
illite-smectite using illite crystallinity data. Bull. Suisse Miner. Petrogr., 82,

221-228.

100. Jaboyedoff, M., Bussy, F., Kubler, B., Thélin, P. (2001): Illite crystallinity

_17_



2000
101

102.

1999

103.

104.

1996

105.

Articl
2016
1.

revisited. Clays and Clay Minerals. 49, 156-167.

. Kubler, B., Jaboyedoff, M. (2000): Illite Crystallinity, C.R. Acad. Sci. Paris, serie
IIA, 331, 75-89.

Jaboyedoff, M., Kubler, B., Sartori, M., Thélin, P. (2000): Basis for meaningful
illite crystallinity measurements: an example from the Swiss Prealps, Bull.

Suisse Miner. Petrogr, 80, 75-83.

Jaboyedoff, M., Kubler, B., Thélin, P., (1999): An empirical Scherrer equation for
weakly swelling mixed-layer minerals, especially illite-smectite. Clay Minerals.
34, 601-617.

Jaboyedoff, M. & Cosca, M. A. (1999): Dating incipient metamorphism using
40Ar/39Ar geochronology and XRD modeling: a case study from the Swiss Alps.
Contrib. Mineral. Petrol. 135, 93-113.

Jaboyedoff, M. & Thélin, P. (1996): New data on low metamorphism in
Brianconnais domain of Prealps, Western Switzerland. Eur. J. of Mineral., 8,

577-592.

es in edited books

Sudmeier-Rieux, K., Gaillard, JC., Fernandez, M., Guadagno L. and Jaboyedoff,
M. (2016): Introduction: Exploring Linkages Between Disaster Risk Reduction,
Climate Change Adaptation, Migration and Sustainable Development. In:
Sudmeier-Rieux, K., Jaboyedoff, M., Fernandez, M., Penna, I. and Gaillard, JC.
(Eds.). Identifying emerging issues in Disaster Risk Reduction, Migration,
Climate change and Sustainable development. Shaping debates and policies,
Springer. 1-11.

Schwilch G, Adhikari A., Jaboyedoff M., Jaquet S., Kaenzig R., Liniger H.-P,,
Penna I. M., Sudmeier-Rieux K., and Upreti B.R. (2016): Impacts of Outmigration
on Land Management in a Nepali Mountain Area. In: Sudmeier-Rieux, K.,
Jaboyedoff, M., Fernandez, M., Penna, I. and Gaillard, JC. (Eds.). Identifying
emerging issues in Disaster Risk Reduction, Migration, Climate change and
Sustainable development. Shaping debates and policies, Springer. 177-194.
Sudmeier-Rieux, K., Gaillard, JC., Fernandez, M., Jaboyedoff, M. and Penna I.
(2016): Conclusions: Linking Sustainable Development, Disaster Risk Reduction,

_18_



Climate Change Adaptation, and Migration—Policy Implications and Outlook. In:
Sudmeier-Rieux, K., Jaboyedoff, M., Fernandez, M., Penna, I. and Gaillard, JC.
(Eds.). Identifying emerging issues in Disaster Risk Reduction, Migration,
Climate change and Sustainable development. Shaping debates and policies,
Springer. 267-275.

4. Jaboyedoff M., Michoud M. , Derron M.-H., Voumard J., Leibundgut G. &
Sudmeier-Rieux K., Nadim F. and Leroi E. (2016): Human-induced landslides:
toward the analysis of anthropogenic changes of the slope environment. In: Avresa
S., Cascini L., Picarelli L. and Scavia C.: Lanslides and Engineering Slopes —
Experieces, Theory and practices. CRC Press: 217-232.

5. Oppikofer T., Hermanns R.L., Sandey G., Bohme M., Jaboyedoff M., Horton P.,
Roberts N.J. & Fuchs H. (2016): Quantification of casualties from potential
rock-slope failures in Norway. In: Avresa S., Cascini L., Picarelli L. and Scavia C.:
Lanslides and Engineering Slopes — Experieces, Theory and practices. CRC Press:
1537-1544.

6. Penna 1., Hermanns R. L., Jaboyedoff M. & Fauqué L. (2016): Large Scale
Rockslides in the Argentinean Andes. Distribution and forcing factors. In: Avresa
S., Cascini L., Picarelli L. and Scavia C.: Lanslides and Engineering Slopes —
Experieces, Theory and practices. CRC Press: 1599-1603.

7. Voumard J., Derron M.-H., Jaboyedoff M. & Andres N. (2016): Minor landslides
and floods events affecting transportation network in Switzerland, preliminary
results. In: Avresa S., Cascini L., Picarelli L. and Scavia C.: Lanslides and
Engineering Slopes - Experieces, Theory and practices. CRC Press: 2023-2228.

8. Manzella I., Penna I., Kelfoun K. & Jaboyedoff M. (2016): High-mobility of
unconstrained rock avalanches: numerical simulations of a laboratory experiment
and an Argentinian event. In: Avresa S., Cascini L., Picarelli L. and Scavia C.:
Lanslides and Engineering Slopes — Experieces, Theory and practices. CRC Press:
1345-1352.

2014

9. Quan Luna, B., Blahut, J., Kappes, M., Oguzhan Akbas S., Malet J.-P., Van Asch T.
and Jaboyedoff M. (2014): Methods for Debris Flow Hazard and Risk Assessment.
In: VanAsch, T; Corominas, J; Greiving, S; Malet J.-P. and Sterlachini S. (Eds.):
Mountain risks: from prediction to management and governance. Series:
Advances in Natural and Technological Hazards Research. V. 34, Springer-Verlag,
133-177.

10. Abellan A., Michoud C., Jaboyedoff M., Baillifard F., Demierre J., Carrea, D. and

_19_



11.

12.

13.

14.

15.

16.

17.

Derron M.-H. (2014): Velocity Prediction on Time-Variant Landslides Using
Moving Response Functions: Application 5 to La Barmasse Rockslide (Valais,
Switzerland). In: G. Lollino et al. (eds.), Engineering Geology for Society and
Territory — Vol. 2, Springer, DOI: 10.1007/978-3-319-09057-3_49, 323-327.

Carrea D, Abelldn A., Derron M.-H., and Jaboyedoff M. (2014): Automatic
Rockfalls Volume Estimation Based on Terrestrial Laser Scanning Data. In: G.
Lollino et al. (eds.), Engineering Geology for Society and Territory — Vol. 2,
Springer, DOI: 10.1007/978-3-319-09057-3_68, 325-328.

D'Amato J., Guérin A., Hantz D., Rossetti J.-P, Jaboyedoff M. (2014):
Investigating rock fall frequency and failure configurations using Terrestrial
Laser Scanner. In: G. Lollino et al. (eds.), Engineering Geology for Society and
Territory — Vol. 2, Springer. DOI: 10.1007/978-3-319-09057-3_340, 1919 — 1923.
Humair F., Epard J.-L., Derron M.-H., Jaboyedoff M., Pana D., Froese C., and
Pedrazzini A. (2014): Inventory of Rock Slope Deformations Affecting Folded
Sedimentary Layers in Moderate Relief Context: The Case of the Livingstone
Range Anticlinorium, AB, Canada. In: G. Lollino et al. (eds.), Engineering Geology
for Society and Territory — Vol. 2, Springer, DOI: 10.1007/978-3-319-09057-3_99,
599-603.

Jaboyedoff M. and Derron M.-D. (2014): Methods to Estimate the Surfaces
Geometry and Uncertainty of Landslide Failure Surface. In: G. Lollino et al. (eds.),
Engineering Geology for Society and Territory — Vol. 2, Springer, DOI:
10.1007/978-3-319-09057-3_52, 339-343.

Jongmans D., Baillet L., Larose E., Bottelin P., Mainsant G., Chambon G,
Jaboyedoff M. (2014): Application of ambient vibration techniques for monitoring
the triggering of rapid landslides. In: G. Lollino et al. (eds.), Engineering Geology
for Society and Territory — Vol. 2, Springer. DOI: 10.1007/978-3-319-09057-3_57,
371-374.

Matasci B., Jaboyedoff M., Ravanel L., Deline P. (2014): Stability assessment,
potential collapses and future evolution of the West face of the Drus (3754 m a.s.l.,
Mont Blanc massif). In: G. Lollino et al. (eds.), Engineering Geology for Society
and Territory — Vol. 2, Springer, DOI: 10.1007/978-3-319-09057-3_134, 791-796.
Michoud C., Baumann V., Derron M.-H., Jaboyedoff M. , and Lauknes T. R. (2014):
Slope Instability Detection Along the National 7 and the Potrerillos Dam
Reservoir, Argentina, Using the Small-Baseline InSAR Technique. In: G. Lollino
et al. (eds.), Engineering Geology for Society and Territory — Vol. 2, Springer, DOI:
10.1007/978-3-319-09057-3_44, 295-299.

_20_



18.

2013

19.

20.

21.

22.

23.

24.

25.

2012

Nicolet P., Jaboyedoff P., and Lévy S. (2014): A Simple Method to Include
Uncertainties Cost-Benefit Analyses. . In: G. Lollino et al. (eds.), Engineering
Geology for Society and Territory — Vol. 2, Springer, DOI:
10.1007/978-3-319-09057-3_312, 1763-1766.

Sudmeier-Rieux K, Jaquet, Basyal S., GK., Derron M-H, Devkota S., Jaboyedoff
M., and Shrestha S. (2013): A Neglected Disaster: Landslides and Livelihoods in
Central-Eastern Nepal. C. Margottini et al. (eds.), Springer-Verlag Berlin
Heidelberg, Landslide Science and Practice, Vol. 4, 169-176.

Franz M., Podladchikov Y., Jaboyedoff M., Derron M-H. (2013):
Landslide-triggered tsunami modelling in Alpine lakes. Int. Conf Vajont
1963-2013. Italian Journal of Engineering Geology and Environment - Book
Series (6), 245-254. DOI: 10.4408/IJEGE.2013-06.B.

Bonnard C., Jaboyedoff M. et Gischig V. (2013):Comprendre ’éboulement de
Randa, Suisse: perspectives et limites des modélisations hydro- et
thermo-géomécaniques en milieu rocheux. Duffaut P. (Ed.) : Manuel de
mécanique des roches : Tome IV. Presse des mines. Editions Presses des Mines —
Transvalor. p.126-149.

Jaquet, S, Sudmeier-Rieux, K, Derron, M-H, Jaboyedoff, M. (2013): Forest vover
and landslide trends: A case study from Dolakha District in central-eastern
Nepal, 1992-2009. In: Renaud, F, Sudmeier-Rieux, K, Estrella, M (eds.)
Ecosystems and Disaster Risk Reduction, From Policy to Practice. Bonn:U.N.
University Press. 343-367.

Jaboyedoff M., Horton P., Derron M.-H., Longchamp C. and Michoud C. (2013):
Monitoring natural hazards. In: Bobrowsky P. (Ed.) Encyclopedia of Natural
Hazards. Springer. 686-694.

Worni R., Huggel C., Dorren L.K.A., and Jaboyedoff M. (2013): Numerical
Modeling of Flows and Falls. In: John F. Shroder (ed.) Treatise on
Geomorphology, Volume 7, pp. 273-283. San Diego: Academic Press.

Hermanns R.L., Oppikofer T., Anda E., Blikra L.H., Bchme M., Bunkholt H.,
Crosta G.B., Dahle H., Devoli G.., Fischer L., Jaboyedoff M., Loews. S., Ssetre S.,
Yugsi Molina F.X. (2013): hazard and risk classification for large unstable rock
slopes in Norway. Int. Conf Vajont 1963-2013. Italian Journal of Engineering
Geology and Environment - Book Series (6), 245-254. DOL:
10.4408/IJEGE.2013-06.B.

_21_



26.

217.

28.

29.

30.

31.

32.

Froese C., Charriére M., Humaire F., Jaboyedoff M. and Pedrazzini A. (2012):
Characterization and management of rockslide hazard at Turtle Mountain,
Alberta, Canada. In: Landslides: Types, Mechanisms and Modeling (Eds.) Clague
J.J. and Stead D. Cambridge University Press.

Jaboyedoff M, Derron M.-H., Jakubowski, J., Oppikofer, T. and Pedrazzini, A.
(2012): The 2006 Eiger rockslide, European Alps. In D. Stead J. Clague (Eds.):
Landslides Types, Mechanisms and Modeling Cambridge University Press,
282-296.

Sudmeier-Rieux, K, Gaillard, JC, Sharma S., Dubois, J., Jaboyedoff, M. (2012):
Floods, Landslides, and Adapting to Climate Change in Nepal: What Role for
Climate Change Models? In: A. Lamadrid, I. Kelman (Eds.): Climate Change
Modeling For Local Adaptation In The Hindu Kush-Himalayan Region. Vol. 11.
Emerald Books, 119 — 140.

Jaboyedoff M, Derron M.-H., Pedrazzini A., Blikra L., Crosta G. B., Froese C.,
Hermanns R., Oppikofer T., Stead D. (2012): Fast assessment of susceptibility of
massive rock instabilities. In Eberhardt E. et al. (Eds): Landslides and
Engineered Slopes. Protecting Society through Improved Understanding.
Proceedings of the 11th International and 2nd North American Symposium on
Landslides (Banff, Canada, 3-8 June 2012) CRC press, 459-465.

Stead D., Jaboyedoff M. & Coggan J. S. (2012): Rock slope characterization and
geomechanical modelling. . In Eberhardt E. et al. (Eds): Landslides and
Engineered Slopes. Protecting Society through Improved Understanding.
Proceedings of the 11th International and 2nd North American Symposium on
Landslides (Banff, Canada, 3-8 June 2012) CRC press, 83-100.

Fischer L., Rubensdotter L., Sletten K., Stalsberg K., Melchiorre C., Horton P. &
M. Jaboyedoff (2012): Debris flow modeling for susceptibility mapping at regional
to national scale in Norway. In Eberhardt E. et al. (Eds): Landslides and
Engineered Slopes. Protecting Society through Improved Understanding.
Proceedings of the 11th International and 2nd North American Symposium on
Landslides (Banff, Canada, 3-8 June 2012). CRC press, 723-729.

Oppikofer T., Bunkholt H., Fischer L., Saintot A., Hermanns R.L., Carrea D.,
Longchamp C., Derron M.-H., Michoud C., Jaboyedoff M. (2012): Investigation
and monitoring of rock slope instabilities in Norway by terrestrial laser scanning.
In Eberhardt E. et al. (Eds): Landslides and Engineered Slopes. Protecting Society
through Improved Understanding. Proceedings of the 11th International and 2nd
North American Symposium on Landslides (Banff, Canada, 3-8 June 2012) CRC

_22_



33.

34.

35.

36.

37.

38.

press, 1235-1241.

Bohme M., Hermanns R.L., Fischer L., T. Oppikofer T., Bunkholt H.S.S., Derron
M.-H., Carrea D., Jaboyedoff M., Eiken T. (2012): A detailed assessment of the
deep seated gravitational deformation at Stampa above Flam, Norway. In
Eberhardt E. et al. (Eds): Landslides and Engineered Slopes. Protecting Society
through Improved Understanding. Proceedings of the 11th International and 2nd
North American Symposium on Landslides (Banff, Canada, 3-8 June 2012) CRC
press, 647-652.

Carrea D., Abellan A., Derron M.-H., Gauvin N. & Jaboyedoff M. (2012): Using 3D
surface datasets to understand landslide evolution: from analogue models to real
case study. In Eberhardt E. et al. (Eds): Landslides and Engineered Slopes.
Protecting Society through Improved Understanding. Proceedings of the 11th
International and 2nd North American Symposium on Landslides (Banff, Canada,
3-8 June 2012) CRC press, 575-579.

Brideau M.-A., Massey C.I., Archibald G. & Jaboyedoff M. (2012): Terrestrial
photogrammetry and LiDAR investigation of the cliffs associated with the
seismically triggered rockfalls during the February and June 2011 Christchurch
earthquakes. In Eberhardt E. et al. (Eds): Landslides and Engineered Slopes.
Protecting Society through Improved Understanding. Proceedings of the 11th
International and 2nd North American Symposium on Landslides (Banff, Canada,
3-8 June 2012) CRC press, 1179-1185.

Derron M.-H. & Jaboyedoff M. (2012): What if atmospheric CO2 concentration
doubles ? A chemical perspective on rock weathering and weakening. In
Eberhardt E. et al. (Eds): Landslides and Engineered Slopes. Protecting Society
through Improved Understanding. Proceedings of the 11th International and 2nd
North American Symposium on Landslides (Banff, Canada, 3-8 June 2012) CRC
press, 379-385.

Humair F., Jaboyedoff M,Pedrazzini A. & Epard J-L. (2012) techniques to
characterize Turtle Mountain unstable system. . In Eberhardt E. et al. (Eds):
Landslides and Engineered Slopes. Protecting Society through Improved
Understanding. Proceedings of the 11th International and 2nd North American
Symposium on Landslides (Banff, Canada, 3-8 June 2012) CRC press, 1257-1263.
Stock, G.M. Luco, N. Harp E.L., Collins B.D., Reichenbach P., Frankel K., Matasci
B., Carrea D., Jaboyedoff M., Oppikofer T. (2012): Quantitative rock fall hazard
and risk assessment in Yosemite Valley, California, USA. In Eberhardt E. et al.
(Eds): Landslides and Engineered Slopes. Protecting Society through Improved

_23_



39.

40.

41.

42.

2011

43.

44.

45.

Understanding. Proceedings of the 11th International and 2nd North American
Symposium on Landslides (Banff, Canada, 3-8 June 2012) CRC press, 1119-1125.
Cloutier C., Locat J., Lord P-E., Couture R., Jaboyedoff M. (2012): Kinematic
considerations of the Gascons rockslide, Québec (Gaspésie), Canada. In Eberhardt
E. et al. (Eds): Landslides and Engineered Slopes. Protecting Society through
Improved Understanding. Proceedings of the 11th International and 2nd North
American Symposium on Landslides (Banff, Canada, 3-8 June 2012) CRC press,
1119-1125.

Jaboyedoff M., Choffet Ch., Derron M.-H., Horton P., Loye A., Longchamp C.,
Mazotti B., Michoud C. and Pedrazzini A. (2012): Preliminary Slope Mass
Movements Susceptibility Mapping Using DEM and LiDAR DEM. In B. Pradhan
and M. Buchroithner (eds.), Terrigenous Mass Movements, DOI:
10.1007/978-3-642-25495-6_5, Springer-Verlag Berlin Heidelberg 2012. 109-170.
Sudmeier-Rieux K., Gaillard J-C., Sharma S., Dubois J. and Jaboyedoff M.
(2012):Floods, landslides and adapting to climate change in Nepal: What role for
climate change models?. Emerald Books Volume on “Climate Change Modeling for
Local Adaptation in the Hindu Kush-Himalayan Region” Edited by Armando
Lamadrid and Ilan Kelman. Emerald Group Publishing Limited, 119-140.

Froese C., Jaboyedoff M., Charriére M., Humair F., Jaboyedoff M. and Pedrazzini
A. (submitted): Characterization and management of rockslide hazard at Turtle
Mountain, Alberta, Canada. In D. Stead J. Clague (Eds.): Landslides Types,
Mechanisms and Modeling Cambridge University Press, 310-322.

Derron M.-H., Jaboyedoff M., Pedrazzini A., Michoud C. and Villemin T. (2011):
Remote sensing and monitoring techniques for the characterization of rock mass
deformation and change detection. In: Lambert and Nicot: Rockfall Engineering,
ISTE-Wiley, 39-65.

Horton P., Jaboyedoff M., Zimmermann M., Mazotti B. & Longchamp C. (2011):
Flow-r, a model for debris flow susceptibility mapping at a regional scale — some
case studies. In: Genevois R., Hamilton, D.L. and Prestininzi, A.: Debris-Flow
Hazards Mitigation, Mechanics, Prediction and Assessment, 5th DFHM Int. Conf.
Padova. It. J. of Eng. Geol Env. — Book, Casa Editrice Universita La Sapienza.
875- 884.

Lari S., Crosta G.B., Frattini P, Horton P. & Jaboyedoff M. (2011): Regional-scale
debris-flow risk assessment for an Alpine valley. In: Genevois R., Hamilton, D.L.

and Prestininzi, A.: Debris-Flow Hazards Mitigation, Mechanics, Prediction and

_24_



46.

47.

48.

49.

50.

2010

Assessment, 5th DFHM Int. Conf. Padova. It. J. of Eng. Geol Env. — Book, Casa
Editrice Universita La Sapienza. 933-940

Loye A., Jaboyedoff M., Pedrazzini A., Theule J., Liébault F. & Metzger R. (2011):
Morphostructural analysis of an alpine debris flows catchment: implication for
debris supply. In: Genevois R., Hamilton, D.L. and Prestininzi, A.: Debris-Flow
Hazards Mitigation, Mechanics, Prediction and Assessment, 5th DFHM Int. Conf.
Padova. It. J. of Eng. Geol Env. — Book, Casa Editrice Universita La Sapienza.
115-126.

Theule J., Liebault F.,, Loye A., Laigle D. & Jaboyedoff M. (2011): Sediment budget
monitoring of a debris-flow torrent (French Prealps). In: Genevois R., Hamilton,
D.L. and Prestininzi, A.: Debris-Flow Hazards Mitigation, Mechanics, Prediction
and Assessment, 5th DFHM Int. Conf. Padova. It. J. of Eng. Geol Env. — Book,
Casa Editrice Universita La Sapienza. 779-786.

Jaboyedoff, M., Crosta, G. B. & Stead, D. (2011): Slope tectonics: a short
introduction. . In: Jaboyedoff, M. (Ed): Slope tectonics. Geological Society Special
Publication, 1-10.

Jaboyedoff M., Oppikofer T., Derron M.-H., Bshme M., Blikra L., Sintot S. (2011):
Complex landslide behaviour and structural controlled by the structures: the a 3D
conceptual model example of Aknes rockslide, Norway. In: Jaboyedoff, M. (Ed):
Slope tectonics. Geological Society Special Publication, 147-162.

Pedrazzini, A. , Jaboyedoff, M., Froese, C., Langenberg, W., Moreno F. (2011),
Structural analysis of Turtle Mountain; origin and influence of fractures in the
development of rock slope failures. In: Jaboyedoff, M. (Ed): Slope tectonics.
Geological Society Special Publication, 163-184.

51.Van Westen, C., Quan Luna, B., Franco, V., Malet J.-p., Jaboyedoff, M., Kappes, M.

52.

53.

and Sterlachini S. (2010) : Development of training materials on the use of
geo-information for Multi-Hazard Risk assessment in a mountainous environment.
In. Malet, J.-P., Glade, T. and Casagli, N.: Mountain risks: bringing science to
society. Cerg Editions, Strasbourg, 469-475.

Pedrazzini, A., Oppikofer, T., Jaboyedoff, M., Guell 1 Pons, M., Chantry, R., and
Stampfli, E. (2010) : Assessment of rockslide and rockfall problems in an active
quarry: Case study of the arvel quarry (western switzerland). In European Rock
Mechanics Symposium (EUROCK 2010), Lausanne, Switzerland. CRCPress,
Leiden, pp. 593-596.

Longchamp, C. , Pedrazzini, A., Jaboyedoff, M. , Dessauges, A., Louis, K,

_25_



2009

54.

55.

2008

56.

2007

57.

58.

2005

59.

60.

Buckingham, T. and Erni, C. (2010) : Structural and stability analyses of a rock
cliff based on digital elevation model: The Obermatt quarry (Switzerland). In
European Rock Mechanics Symposium (EUROCK 2010), Lausanne, Switzerland.
CRCPress, Leiden, pp.597-600.

Jaboyedoff M., Loye A., Oppikofer T., Pedrazzini A., Giiell i Pons M. and Locat J.
(2009): Earth-flow in a complex geological environment: the example of Pont
Bourquin, Les Diablerets (Western Switzerland). In: Malet J.-P., Remaitre A. and
Bogaard T. (Eds.): Landslide processes 131-137.

Froese, C.R., Jaboyedoff, M., Pedrazzini, Hungr, O. and Moreno, F. (2009): Hazard
mapping for the eastern face of Turtle Mountain, adjacent to the Frank Slide,
Alberta, Canada. In: Malet J.-P., Remaitre A. and Bogaard T. (Eds.): Landslide
processes 283-289.

Bardou E. and Jaboyedoff M. (2008): Debris Flows as a Factor of Hillslope
Evolution controlled by a Continuous or a Pulse Process? In: K Gallagher, S. J.
Jones and J. Wainwright: Landscape Evolution: Denudation, Climate and

Tectonics over Different Time and Space Scales. Geol. Soc. London Spec. Publ.,

63-78.

Jaboyedoff M., Metzger R., Oppikofer T., Couture R., Derron M.-H., Locat J.
Turmel D. (2007): New insight techniques to analyze rock-slope relief using DEM
and 3D-imaging cloud points: COLTOP-3D software. In Eberhardt, E., Stead, D
and Morrison T. (Eds.): Rock mechanics: Meeting Society’s Challenges and
demands (Vol. 1), Taylor & Francis. pp. 61-68.

Sturzenegger M., Stead D., Froese C., Moreno F. and Jaboyedoff M. (2007):
Mapping the geological structure of Turtle Mountain, Alberta: A critical
interpretation of field, DEM and LIDAR based techniques. In Eberhardt, E.,
Stead, D and Morrison T. (Eds.): Rock mechanics: Meeting Society’s Challenges
and demands (Vol. 2), Taylor & Francis. pp 925-932.

Jaboyedoff, M., Baillifard, F., Derron, M.-H., Couture, R., Locat, J. and Locat P.
(2005): Switzerland Modular and evolving rock slope hazard assessment methods.
In: Senneset, K., Flaate, K. and Larsen, J.A: Landslide and avalanches, ICFL
2005. 187-194.

Derron, M.H., Blikra, L.H., Jaboyedoff, M. (2005): Norway High Resolution

_26_



61.

62.

2004

63.

64.

65.

1993

66.

Digital Elevation Model Analysis for Landslide Hazard Assessment (Akerneset,
Norway). In: Senneset, K., Flaate, K. and Larsen, J.A: Landslide and avalanches,
ICFL 2005. 101-106.

Jaboyedoff, M., Baillifard, F., Couture, R., Derron, M.H., Locat, J. and Locat, P.
(2005): Coupling kinematic analysis and sloping local base level criterion for large
slope instabilities hazard assessment - a GIS approach. In: Hungr, O., Fell, R.,
Couture, R. R. and Eberhardt, E.: Landslide risk management. 615-622.
Jaboyedoff, M. and Derron, M.H. (2005): Integrated risk assessment process for
landslides. In: Hungr, O., Fell, R., Couture, R. R. and Eberhardt, E.: Landslide

risk management. On CD included in the book.

Baillifard, F., Jaboyedoff, M., Rouiller, J.-D., Couture, R., Locat, J., Locat, P.,
Robichaud, G. and G., Hamel (2004): Towards a GIS-based hazard assessment
along the Quebec City Promontory, Quebec, Canada. In: Lacerda, W.A., Ehrlich. M.
Fontoura, A.B. and Sayao. A (eds): Landslides Evaluation and stabilization.
Balkema, 207-213.

Jaboyedoff, M., Baillifard, F., Couture, R., Locat, J., and Locat, P. (2004): Toward
preliminary hazard assessment using DEM topographic analysis and simple
mechanic modelling by mean of the sloping local base level. Lacerda, W.A., Ehrlich.
M. Fontoura, A.B. and Sayao. A (eds): Landslides Evaluation and stabilization.
Balkema, 199-205.

Jaboyedoff, M., Baillifard, F., Couture, R., Locat, J., and Locat, P. (2004): New
insight of geomorphology and landslide prone area detection using DEM. In:
Lacerda, W.A., Ehrlich. M. Fontoura, A.B. and Sayao. A (eds): Landslides
Evaluation and stabilization. Balkema, 191-197.

Bauchau, C., Jaboyedoff, M. and Vannier, M. (1993): Claim: a new personal
computer-assisted simulation model for teaching mineral exploration techniques.
In: Kirkham, R.V., Sinclair, W.D., Thorpe, R.I. and Duke, J.M., eds. Mineral
Deposit Modelling: Geological Assoc. of Canada, Special Paper 40, p. 685-691.

_27_



Emerging techniques and impact of human
activities in landslide risk management:

3D analysis and human induced landslides

Michel Jaboyedoff

Risk-group - Institute of Earth Sciences, University of Lausanne

Nowadays landslide risk management is facing two important challenges. The first is to
improve landslide predictability (hazard, early warning systems (EWS)). This is made
possible thanks to the recent progresses in geosciences enabled by the new affordable
technologies and computing power. The second challenge is to properly address the
problem of landslides caused by the increasing impact of human on environment,
especially in fast changing countries.

In landslide science, the emergence of high resolution earth surface 3D imaging has
played a major role by providing new viewpoints on the slope processes. This technique
has improved landslide mapping, enabling to better characterize landslide structures
and also to refine numerical modelling. Furthermore, the increasing number of
permanent landslide monitoring systems (MS) provide new information about failure
mechanisms. These systems can include InSAR, LiDAR, GPS, pore water gauges, rain
gauges, inclinometers, etc. These integrated approaches have permitted to demonstrate
that most of the mountainous areas are affected by landslides or large slope
deformations. As an example, several studies have shown that catastrophic landslides
had signs of precursory deformation visible on hi-resolution digital elevation model
(HRDEM). Coupling MS and surface deformation analysis enables to characterize the
processes that lead to failure, which is fundamental to improve hazard mapping and
EWS implementation. With this approach, the mechanisms of failure of several
rockslides have been refined (Eiger, Aknes, Randa, Turtle Mountain, etc.), but also of
small rock failures (Seychilienne, Catalonia, etc.). Moreover, non-permanent
deformations are now identified as potential sources of fatigue of the rock mass. For

instance, thermal effect on shallow rock failure starts to be well documented in
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Yosemite. Another example is the effect of groundwater table fluctuations on a large
rock wall in Norway inducing cycles of deformation of a few millimetres of amplitude
(demonstrated by InSAR). Similar analyses are also applied successfully to landslides in
soils such as earthflows, like Super Sauze in France. Finally, passive seismic monitoring
is also a new tool to forecast the reactivation of earthflows by monitoring the decrease of
the surface wave velocity.

All these new techniques are promising in order to improve landslide risk management,
thanks to a better understanding of dynamic processes from landslide initiation
(criterion for mapping) to failure forecast (basics for MS). But that understanding must
also include the issues linked to landslides induced by human activities. This is critical
considering the fast changes in land uses. In several contexts, anthropic activities are
one of the major cause of landslides. Even if the causes are often bad engineering
practices, several cases have demonstrated that slope failures can be caused by
environmental changes that are not considered to be systematically leading to the
modification of the slope profile, water circulations, etc. This means that landslide
hazard assessment must clearly include the impact of past, present and future
anthropic changes. Based on the work of K. Terzaghi, seven questions must be answered
to tackle the potential impact of human on slope environment.

To conclude, the challenges that face the landslide risk management are, in my opinion,
linked to the possibility to develop a deeper understanding of the processes permitting a
better detection of landslide prone areas and an improved forecast of failure or
reactivation of landslides. In addition, any operation in slopes must take into account
the full impact on the neighbouring environment in order to prevent human induced

landslides.
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Abstract This paper presents a short history of the appraisal of laser scanner technolo-
gies in geosciences used for imaging relief by high-resolution digital elevation models
(HRDEMs) or 3D models. A general overview of light detection and ranging (LIDAR)
techniques applied to landslides is given, followed by a review of different applications of
LIDAR for landslide, rockfall and debris-flow. These applications are classified as: (1)
Detection and characterization of mass movements; (2) Hazard assessment and suscepti-
bility mapping; (3) Modelling; (4) Monitoring. This review emphasizes how LIDAR-
derived HRDEMs can be used to investigate any type of landslides. It is clear that such
HRDEMs are not yet a common tool for landslides investigations, but this technique has
opened new domains of applications that still have to be developed.

Keywords Landslide - LIDAR - Laser scanner - High-resolution DEM - Topography
analysis - Structural analysis

1 Introduction

Remote sensing techniques for landslides investigations are undergoing rapid develop-
ments. The possibility of acquiring 3D information of the terrain with high accuracy and
high spatial resolution is opening up new ways of investigating the landslide phenomena.
Recent advances in sensor electronics and data treatment make these techniques affordable.
The two major remote sensing techniques that are exponentially developing in landslides
investigation are interferometric synthetic aperture radar (InSAR) (Fruneau et al. 1996;
Colesanti et al. 2003; Squarzoni et al. 2003), and light detection and ranging (LIDAR)
(Carter et al. 2001; Slob et al. 2002; Haugerud et al. 2003; Slob and Hack 2004). InSAR
techniques are usually ground-based (Stow 1996; Tarchi et al. 2003) or satellite-based
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(Carnec et al. 1996; Singhroy 2009), and only rarely airborne. InSAR techniques are
mainly dedicated to the detection and the quantification of small displacements over large
areas. LIDAR (or laser scanning) provide high-resolution point clouds of the topography
and has several applications that range from mapping (Ardizzone et al. 2007; Jaboyedoff
et al. 2008a) to monitoring deformation (Gordon et al. 2001), landslides or rockfall dis-
placements (Teza et al. 2007; Oppikofer et al. 2008; Abellan et al. 2010) to landslide in
soils (Jaboyedoff et al. 2009a). The joint use of terrestrial laser scanning (TLS) and SAR
techniques may help to understand landslide phenomena, as is discussed in Teza et al.
(2008).

LIDAR is mainly used for landslide investigation to create accurate and precise high-
resolution digital elevation models (HRDEM) in raster grids or triangulated irregular
networks (TINs), which are 2.5D representations of the topography, or in true 3D point
clouds with a high density of information. This density mainly depends on the position of
the sensor: metric to decimetric resolution for airborne laser scanning (ALS) and centi-
metric to millimetric resolution for terrestrial laser scanning (TLS) (Shan and Toth 2008).
Helicopter-based ALS can give a higher resolution than aircraft-based ALS and especially
allows orientating the scanner in all directions (Vallet and Skaloud 2004).

The number of publications discussing the use of LIDAR in landslide studies has grown
considerably during the last decade (Derron and Jaboyedoff 2010). Main applications
range from mapping to monitoring and modelling slope mass movements. Two books were
recently published: “Topographic laser ranging and scanning”, by Shan and Toth (2008)
and “Laser Scanning for the Environmental Sciences”, by Heritage and Large (2009). The
former provides a comprehensive compilation of the principles and fundamentals of
LIDAR technologies, reflecting the state-of-the-art of all the physical aspects of the sensor
(components, calibration, waveform analysis, quality control of LIDAR data, filtering and
feature extraction techniques, etc.). Although some of the chapters may be slightly focused
on the geomatics field (and hence, out of the scope for the readers of this review), the first
three chapters by Petrie and Toth (2008) are an excellent basis for the understanding of
instrumental issues: Chapter 1 describes basic (and not so basic) principles of laser pro-
filing and scanning; Chapters 2 and 3 perform a detailed description of the main com-
mercial and research systems currently available on the market for aerial and terrestrial
LIDAR, respectively. As regards the book edited by Heritage and Large (2009), it provides
numerous LIDAR applications to environmental sciences, being of great value for
researches in the field of geomorphology, geostatistics, remote sensing and Geographic
Information Systems (GIS). The contributions can be mainly divided into mapping
(flooding areas, vegetation), geometrical aspects (study of geological outcrops and river
gravel bars) and monitoring (rocky and sandy coastal erosion, river dynamics, etc.).
Unfortunately, up to now there has been little effort to review the advances of LIDAR
applications on landslides. This paper tries to fill this gap.

2 Laser scanning and/or LIDAR techniques

2.1 Short overview about LIDAR techniques and rangefinder

The acronym LASER (or laser) stands for Light Amplification by Stimulated Emission of
Radiation. A laser is a device that produces and emits a beam (or a pulse series) of highly

collimated, directional, coherent and in-phase electromagnetic radiation. As shown below,
laser systems can be used for the acquisition of large amounts of 3D information of the
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Last return
FPulse

First return
Pulse

Fig. 1 Principles of laser scanner data acquisition, showing the example of TLS

terrain at an extremely fast recording rate (Fig. 1). Although LIDAR is a term commonly
used in literature, laser scanner or laser range finder are preferred, which makes the link
with past methods (laser ranging and laser profiling).

Laser scanning was developed in two ways, depending on the position of the sensor:
airborne-based for ALS and ground-based for TLS. Basic principles and processing of the
former are well-known issues since the end of the 1990s. A complete review of ALS
systems can be found in Wehr and Lohr (1999) and in Baltsavias (1999). An updated and
clear reference is the already commented book of Shan and Toth (2008). Literature on TLS
has rapidly grown during the last 5 years (2005-2010). Petrie and Toth (2008) are a good
reference for understanding basic principles of TLS. Detailed guidelines that should rule
the use of the TLS in all the projects managed by the California Department of Trans-
portation was written by Hiremagalur et al. (2007). Although an environmental scientist
may have found this lecture out of the scope of his field of research, it provides useful
information on standards and specifications for the quality control of different TLS.
Finally, a brief review of LIDAR (and other conventional remote sensing techniques)
applied to landslide monitoring is found in Prokop and Panholzer (2009) and in Safel.and
Deliverable 4.1 (2010). A combination of both techniques, ALS and TLS, is frequently
used to solve some acquisition problems for example the shadow areas when a scanned
surface is parallel to the line of sight (LOS) of one of the sensor.

2.1.1 Measurement principle

A laser scanner consists of a transmitter/receiver of laser beam and a scanning device. Two
different methods for range determination are possible (Wehr and Lohr 1999): phase and
pulse method. The former allows more accurate range determination but suffers from a
limited range (Petrie and Toth 2008). Alternatively, the latter allows a greater range, and is
therefore implemented in most ALS and TLS used for Earth surface observations,
including landslide studies (Wehr and Lohr 1999; Baltsavias 1999).

Both airborne- and ground-based sensors send out laser pulses that get back-scattered by
various objects (ground surface, vegetation, man-made constructions etc.) and record the
returning signal. Pulsed laser scanners use the measurement of the time of flight (At) of the
laser pulse to compute the distance (2 x d = ¢ x At) and mirrors or mechanics to
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orientate the laser beam in a well-defined direction. Knowing this line of sight (LOS)
direction and the attitude of the device (pitch, roll and yaw) allows determining the
position Ax, Ay, Az of a reflective surface relatively to the device. The range is measured
without any artificial reflectors over an area equal to the laser’s spot dimension (beam
width projected on the topography), which increases with distance due to the laser beam
divergence (Petrie and Toth 2008) (Fig. 1).

The absolute position of an ALS sensor is defined by a Global Positioning System
(GPS), and its attitude is recorded by an inertial system. Finally, the point cloud coordi-
nates are estimated (x + Ax,y + Ay, z + Ay) with an accuracy of around 15 cm (1o) by
using ground control points (Habib 2008). In practice, the position and orientation (atti-
tude) of the TLS sensor are not defined precisely in the field, unless the TLS device is also
coupled with an inertial system and a GPS. This makes necessary a further georeferencing
of the TLS point cloud. This process is carried out by aligning the TLS point cloud, either
using a set of ground control points or using another already georeferenced point cloud.

2.1.2 Analysis of back-scattered laser pulses

Most ALS and a few of the TLS systems use the full waveform of the laser signal. The full
waveform of the back-scattered pulse includes some information on the properties of the
reflexive objects within the beam area. This allows for instance removing part of the
vegetation effect (Duong 2006; Harding 2008; Heritage and Large 2009). Alternatively,
range measurement using TLS can be undertaken without discriminating the full wave-
form, but recording several back-scattered pulses from one emitted pulse. This procedure
makes it possible to distinguish and to filter intermediate-range objects (vegetation, wires,
birds and other undesired points). For landslides applications, the last returned pulse is
usually the most relevant. Nevertheless, if the vegetation is too dense the laser beam will
not reach the ground, and direct visibility (LOS) between the TLS and the scanned surface
is of course necessary. However, these limitations are common with other remote sensing
techniques (surveying, radar and/or optical).

It must be said that one of the main issue in laser scanning is the removal of the
vegetation (Harding 2008) either by automatic methods or manually. If vegetation is dense
sometimes the DEM created from ALS data is not better than a standard resolution DEM
(approx. 25 m grid size) obtained from topographic maps.

2.1.3 Accuracy, resolution and point density

The typical accuracy of the laser instrument is £1.5 cm, within maximum distances of
about 800-1,000 m (Manetti and Steinmann 2007). Nevertheless, the instrumental accu-
racy is usually lower in practical applications due to unfavourable conditions such as:
poorly reflecting or very rough surfaces, parallel incident angles, bad weather conditions
(rain or hot wind or fog), very bright ambient conditions, excessive range, etc.

Laser scanner’s resolution is a parameter that determines the level of detail that can be
observed in a point cloud. It is divided into range and angular (or spatial) resolution
(Kamerman 1993; Lichti and Jamtsho 2006): (a) Range resolution is the ability of a
rangefinder to resolve two objects on the same LOS; (b) Angular resolution is the ability to
resolve two objects on adjacent LOS. This parameter is governed by two variables:
sampling interval (also called point spacing, which is user defined) and laser beamwidth
(which depends on the distance and the instrument). The estimation of the TLS resolution
is usually misunderstood and commonly interpreted as equal to the point spacing, obviating
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the influence of the laser beamwidth. Nevertheless, when sampling interval is lower than
the laser beamwidth, fine details are in fact blurred. A detailed explanation of this effect
can be found in Lichti and Jamtsho (2006). They proposed the use of the effective
instantaneous field of view (EIFOV) as a measurement of the resolution of the TLS. The
lower sampling interval proposed by these authors is 86% of the laser beamwidth.

For ALS, the point density usually ranges from 0.5 to 100 pts/m? while for TLS it
ranges usually from 50 to 10,000 pts/mz. In addition to the position, the intensity of the
reflected signal is acquired. This parameter mainly depends on the beam wavelength, the
type of material (colours and roughness of the reflective surface), soil moisture and angle
of incidence (Ingensand 2006; Lichti 2007; Pesci et al. 2008; Voegtle et al. 2008).

The wavelength ranges between 500 and 1,700 nm (Wehr and Lohr 1999; Jaboyedoff
et al. 2009a). For TLS, the acquisition range increases usually with longer wavelengths,
from a few metres to 2,000 m if reflectivity of the surface is high (Jaboyedoff et al. 2009a).

2.1.4 Point cloud alignment

Alignment of the point cloud usually consists of a two-step process: a preliminary regis-
tration by a visual identification of homologous points and an optimization of the align-
ment using an Iterative Closest Points (ICP) procedure (Besl and McKay 1992; Chen and
Medioni 1992). Using this algorithm, the differences between points are iteratively reduced
by a minimization of a mean square cost function. Alternatively, the alignment over
discrete parts of the slope can be carried out using the Roto-Translation technique
described by different authors (Teza et al. 2007; Monserrat and Crosetto 2008; Oppikofer
et al. 2009).

2.2 Short historical overview

Early attempts to acquire Earth surface data sets by ALS were performed along profiles
using only an inertial system and other positioning technique for topographic mapping
(Miller 1965; Krabill et al. 1984) with devices developed for water depth measurement
(Hoge et al. 1980) or for altimetry purposes (Shepherd 1965). One of the first applications
in geosciences of ALS (i.e., using inertial system coupled with GPS) has been to evaluate
the topographical changes of the Greenland ice sheet (Krabill et al. 1995, 1999).

TLS appeared later than ALS at the end of the 1990s (Large and Heritage 2009). This
instrument is an evolution of the electronic distance meter (EDM) and of total station,
which benefits of the earlier ALS developments (many companies manufacturing ALS are
now also selling TLS). EDM was developed during the late 1950s and early 1960s
(Dallaire 1974). These instruments allow for a very accurate distance measurement.
Nevertheless, these one-dimensional measurements were not suitable for the measurement
of the 3D coordinates of single points (X, y, z). Furthermore, reflectors are usually required
(Bromhead et al. 1988). By contrast, TLS measurements include real 3D information (X, y,
z coordinates) plus intensity (I), and in some cases full waveform. In addition, TLS devices
are reflectorless (Petrie and Toth 2008) allowing for a broad coverage of the surveyed area.
The early tests for environmental application were made in the late 1990s and in the early
twenty-first century (Lichti et al. 2000).

A systematic bibliographic survey was carried out by Derron and Jaboyedoff (2010)
looking within the databases ISI Web of Knowledge and GEOREF. In this paper, the
growth of the yearly production of publications and citations related to LIDAR and geo-
sciences or landslide is analysed through logistic functions. The main outcome of this
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analysis is that the community of geoscientists working with laser scanning techniques is
presently building an innovative and useful knowledge and that this fast development has
the potential to continue for the next 5-10 years.

3 Classification of the main applications

TLS and ALS can be used for different types of investigation, which can be subdivided in 4
types (Table 1): (1) Landslide detection and characterization; (2) Hazard assessment and
susceptibility mapping; (3) Modelling; (4) Monitoring. This classification may have
overlaps, but allows us to classify the main objectives of the research. Our classification is
based not only on the type of mass movements described by Cruden and Varnes (1996) but
also on the processes linked to these phenomena. The selected approach to study the mass
movement is strongly dependant on the scanned object: (1) we refer as “rockfalls” to all
the slope processes formed in rock slopes, from the detachment of the instability to the
propagation; (2) we refer as “landslides” to all the material that suffer large scale and slow
rate of deformation, in either soft, fine materials (soils) and/or weathered and weak rocky
material, including deep-seated gravitational slope deformation (DSGSD) (Agliardi et al.
2009); finally, (3) we refer as “debris-flows” to slope movements formed by debris type of
material, moving down the slope as a flow. This classification makes sense in terms of
LIDAR analysis, because the analyses of the geomorphic features are not necessarily scale
dependant. As an example, it can be impossible to distinguish a DSGSD from a classical
landslide only by inspecting a hillshade relief without knowing the scale.

Table 1 Classification of the different applications of LIDAR technologies in landslide studies

Landslide Rockfall Debris-flow
(1) Landslide detection e Mapping of geomorphic e Rock face imaging ¢ Detection of
and characterization features and characterization mobilizable
(In Sect. 4) e Calculate volumes
discontinuity ¢ Hydromorphic
orientation characterization
(2) Hazard assessment e Mainly as support for e Some attempts for e Input for mapping
and susceptibility mapping susceptibility and hazard based on
mapping (In Sect. 5) hazard mapping (not geomorphologic
yet achieved) approach
(3) Modelling e Classical modelling tools are e High-resolution DEM e Input for spreading
(In Sect. 5) not able yet to handle huge for trajectory modelling
3D information density modelling

¢ HRDEM allow more accurate
landslide modelling by
improving their geometrical

characterization
(4) Monitoring e Monitoring of surface ® Monitoring of surface e Sediment budget
(In Sect. 6) displacements displacement e Monitoring of
¢ Volume budget e Detection of pre- morphologic

failure displacements changes in channel
(under development)
e Quantification of
rockfall activity
(volumes)
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4 Detection and characterization of mass movements
4.1 Landslide

4.1.1 ALS

ALS permits an improvement in the landslide inventory mapping and more generally of
geological mapping (Borlat et al. 2007), by increasing the resolution of the landslide
contours, permitting to identify scarps and displaced material. Nevertheless, the same
conceptual methods to detect landslides are still usually employed (Soeters and Van
Westen 1996; Keaton and DeGraff 1996). The morphological features of the landslides
(e.g. scarps, mobilized material, foot) are easy to delineate based on hillshades of the
produced HRDEM (Carter et al. 2001; Haugerud et al. 2003; Ardizzone et al. 2007;
Jaboyedoff et al. 2008a; Corsini et al. 2009). This approach does not replace field inves-
tigations, but it changes the fieldwork methods, which become part of the validation
processes of a landslide inventory produced by HRDEM analysis (Fig. 2).

The detection can be performed either manually (e.g. expert criteria such as eye
inspection) or automatically (e.g. feature detection such as the curvature or roughness of
the topography). McKean and Roering (2004) showed that spreading of topographic ori-
entations within an earth-flow is higher than that in undisturbed area. An extension of this
method using Fourier analysis of the relief demonstrates that this method can classify more
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Fig. 2 La Frasse landslide (Switzerland): a 3D view of the shaded relief of the main landslide extent. Three
sectors moving faster than the surrounding areas were identified at the toe of the landslide. b Cross-section
through the fast-moving area showing the modelled failure surfaces obtained using the SLBL method
(Jaboyedoff et al. 2004b). ¢ 3D view of the volume of the faster area 3 (Data from swisstopo)
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Main scar
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Les Pics rockslide

Superficial f

Fig. 3 Hillshade view of the upper part of Les Pics instability (Muraz, Switzerland). Gravitational features
as scarps, trenches and depressions forming the “Les Pics DSGSD” could be clearly identified. The real
instability extend could be better defined using LIDAR-derived DEM than in aerial photographs or from
topographic maps (Data from swisstopo)

than 80% of total area that has already suffered a landslide (or not) in western US (Booth
et al. 2009). Geomorphic criterion based on geostatistics (Glenn et al. 2006) succeeds in
differencing landslide activities. Nevertheless, such methods are not easy to apply due to
following reasons: (a) expert criteria are needed (interpretation of the results) and (b) the
presence of vegetation may degrade the DEM quality (Kasai et al. 2009). In addition, the
detailed morphology provided by HRDEM coupled with geologic information can allow
forecasting of the sensitive zones even if the triggering is human induced (Schulz 2007).
The interpretation of DSGSD is also improved by using HRDEM (Agliardi et al. 2009;
Oppikofer 2009; Corsini et al. 2009) especially because it permits a precise delineation of
the limits (Fig. 3).

4.1.2 TLS

Only few applications exist on landslide characterization (Rowlands et al. 2003), but in
several cases TLS is a very useful tool to interpret the landslide mechanism, delineate
limits and estimate volumes (Corsini et al. 2009; Dunning et al. 2009). Jaboyedoff et al.
(2009a) shows a case study of circular landslides in silty sediments in river banks.

4.2 Rockfall

TLS and ALS techniques are responsible for a great improvement in rock slope charac-

terization, mainly because the rock instabilities are principally controlled by structures that
are at least locally planar. The TLS applications characterizing rock mass are numerous
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(Slob and Hack 2004; Jaboyedoff et al. 2007; Oppikofer et al. 2009; Sturzenegger and
Stead 2009; Armesto et al. 2009; Lato et al. 2009), but still quite rare for ALS-DEM.

4.2.1 ALS

Structural analysis at regional scale are proposed using ALS-derived HRDEM using the
principle of COLTOP (Jaboyedoff et al. 2004a, 2007, 2009b), which allows to attribute a
unique colour for each topographic orientation. This permits also to create stereonets on
the basis of plane orientations measured directly on the point cloud (Fig. 4). The main sets
of structural features have been identified in several rockslides in Norway (Derron et al.
2005). This approach also allowed a fast structural characterization of the hardly accessible
Mount Steele rockslide in Yukon, Canada (Brideau et al. 2009) and the reinterpretation of
former rockslide such as Frank slide (Sturzenegger et al. 2007a; Froese et al. 2009). At
regional scale, the fjord valley of Tafjord in Norway has been investigated in order to
characterize the present and former rock slope instabilities, such as their volume and
mechanisms (Oppikofer 2009).

Slope height: ~1000 m

Fig. 4 ALS-DEM from Yosemite National Park (by courtesy of G. Stock). a COLTOP coloured DEM.
b Identified discontinuity sets. ¢ Discontinuities D1 and D2 forming a wedge that promoted instabilities.
d Relative density of daylighting D1-D2 wedges the topography
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422 TLS

TLS characterization of rock slopes are among the first applications using TLS for slope
mass movement, mainly to obtain accurate slope profile and discontinuity sets orientations
(Bornaz et al. 2002; Slob et al. 2002). A technical report of the US Department of
Transportation (Kemeny and Turner 2008) provides a brief introduction of the main
commercial hardware and softwares and best practices for fieldwork campaigns.

Several studies are proposing different ways to characterize discontinuity sets, which
can be mainly classified as (a) using fitting planes (Fernandez 2005; Abellan et al. 2006;
Oppikofer et al. 2008; Sturzenegger and Stead 2009), (b) using TIN surfaces as indicators
of the plane orientations (Feng et al. 2001; Slob et al. 2002). A description of the meth-
odology employed for rockmass characterization using the commercial software Split-FX
is provided in Kemeny and Post (2003) and Kemeny and Turner (2008). Several authors
(Lato et al. 2009; Abellan et al. accepted) have shown that there is an optimal number of
points for the point cloud to get reliable results depending on the precision of the device: a
sparse TIN suffers from smoothening over corners and edges, creating inaccuracies in
plane representation. On the other hand, a dense TIN is affected by data noise. (c) Other
techniques allow for the automatic delimitation of a set of neighbourhood points charac-
terized by the same normal vector. As a result, the calculation of the orientation of the
discontinuity planes is obtained. The COLTOP technique (Jaboyedoff et al. 2004a, 2007,
2009b; Derron et al. 2005) permits to visualize the orientation of each discontinuity set by
a unique colour, which makes the approach very similar to a field data acquisition
(COLTOP-3D, www.coltop3d.ch). The extracted data permit to analyse the rock instability
mechanisms (Janeras et al. 2004; Jaboyedoff et al. 2008b; Oppikofer et al. 2009).

Different authors have pointed out the existence of two types of biases in the determination
of the orientation of discontinuities (e.g. Sturzenegger and Stead 2009; Lato et al. 2009): (a)
scale bias, when discontinuity sets are smaller than the spatial resolution (point spacing) and
(b) orientation bias, when the incidence angle of a given data set influences the spatial
resolution, and hence, the number of poles in stereonet when doing automatic procedures.

Another area of application that is merging in rock slope characterization is the
roughness determination (Fardin et al. 2004; Haneberg 2007; Tatone and Grasselli 2009)
aimed to better quantify the well-known methods for rock mass rating systems (Romana
1993). Nevertheless, certain limitations are linked to the achievement of this aim, such as
the intrinsic instrumental accuracy, resolution and the influence of different scanner
positions on the final results (Sturzenegger et al. 2007b). Although these limitations, fur-
ther studies are necessary due to the great potential of such methods assuming self-
similarity hypothesis (Fardin et al. 2004).

4.3 Debris-flow

ALS-derived DEM gives an accurate topography and permits to identify morphologies that
are significant in order to characterize the past activity. To this end, morphometric indi-
cators such as roughness, and curvature of the slope are used (Staley et al. 2006; Cavalli
and Marchi 2008). This approach gives quite good results in discriminating the past debris-
flow activity (Cavalli and Marchi 2008) but presents some limitations (Staley et al. 2006).
The variograms inspection gives promising results for characterization of the landforms
(Trevisani et al. 2009).

TLS has also been used to assess limited sections of channels, allowing very detailed
mapping and section profiles evolution (Oppikofer 2009; Theules et al. 2009).
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5 Hazard assessment, susceptibility mapping and modelling
5.1 Landslide
5.1.1 ALS

One of the earliest applications of ALS-DEM in landslide susceptibility mapping and
modelling is the work of Dietrich et al. (2001) (see also Montgomery et al. 2000). They
showed that a 1 m resolution ALS-DEM improved greatly the results of the model
SHALSTARB, an infinite slope stability model. One of the most achieved study of landslide
hazard assessment using ALS-DEM is the one made by the USGS on the Puget Sound area
(Washington state; Baum et al. 2005). In this study, field investigation is coupled with
HRDEM analysis and shallow landslide modelling using TRIGRS (Savage et al. 2003), a
sophisticated infinite slope model including transient infiltration. This study demonstrates
improvements provided by ALS-DEM for hazard mapping. Along the same line, Haneberg
et al. (2009) have shown convincing results for shallow landsliding, coupling an infinite
slope model with geomorphic characterizations using an ALS-DEM.

Of course, the traditional hazard mapping by field investigation is improved by ALS-
DEM, especially for inventories but also for characterizing the susceptibility using mor-
phometric indicators (Chigira et al. 2004; Haneberg et al. 2005; Jaboyedoff et al. 2008a).
We can also expect that it will soon possible to infer hazard by comparing several ALS-
DEM of different epochs. This was already proposed by Chigira et al. (2004) who
emphasized the possibility to use two inventories to assess hazard, but in their application
the first inventory was still produced by field work only.

The ALS-DEM allows a detailed delimitation of the landslides on the topographical
surface (van den Eeckhaut et al. 2007; Corsini et al. 2009). Using these limits and the
DEM, it is possible to infer the failure surface in 3D. For instance, the sloping base level
(SLBL) concept (Jaboyedoff et al. 2004b, 2009b) makes it possible to obtain very quickly a
planar or curved quadratic surface by using simple geometrical rules. For example, Fig. 2
shows La Frasse landslide in the Swiss Alps and the expected failure surface of a fast-
moving part.

5.1.2 TLS

TLS is mostly used for characterization or monitoring of landslides and not really for
hazard mapping. Nevertheless, TLS can greatly improve the site-specific modelling,
especially when the topography is changing and if only a poor DEM is available. For
example, a detailed slope profile extracted from a TLS-DEM has permitted to identify the
destabilized zone of an earth-flow using a standard Bishop analysis (Jaboyedoff et al.
2009c).

5.2 Rockfall

5.2.1 ALS

Regional rockfall hazard or susceptibility assessment from source area to rockfall propa-

gation using ALS-DEM is not yet implemented as a routine, although all the pieces of the
puzzle are present. The first issue is to locate the source areas. This is often performed at
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Slope angle[®]

Fig. 5 Example of the slope angle distribution (SAD) computed on a ALS-DEM: a SAD of an undisturbed
scree slope (outlined in white) showing that the slope angle values follow a normal distribution around an
average value close to 35°. b SAD of an alpine valley decomposed into 5, Gaussian distributions; “A”
indicates the threshold angle above which the slope belongs dominantly to the cliffs and is therefore
considered as potential rockfall source area; “B” indicates the mode of GDMU steep slopes. The two cliffs
Gaussian distributions represent two families of bare rock cliff faces lithologically distinct (modified after
Loye et al. 2009)

regional scale using simple slope angle thresholds (Guzzetti et al. 2003; Frattini et al.
2008). But, as shown by Loye et al. (2009), more information can be potentially extracted
from the slope angle distribution. By decomposing the histogram of slope angles of an area
into Gaussian distributions, it is possible to identify the threshold above which the relief is
dominantly composed of cliffs (Fig. 5). This threshold depends on the type of bedrock, the
presence or absence of a soil cover and the DEM resolution (Loye et al. 2009). This
method makes it possible to discriminate efficiently the true cliffs from the one drawn on
topographic maps. In addition, as proposed by Giinther (2003) and Jaboyedoff et al.
(2004c), structural analysis performed on ALS-DEM (Fig. 4) can be the basis for kine-
matic test. As discussed in Janeras et al. (2004), the accuracy of the results is greatly
improved by using a HRDEM.

Hazard assessment requires often performing trajectographic modelling in order to
delineate the propagation area. The modelling has been greatly improved by the ALS-DEM
(Agliardi and Crosta 2003; Lan et al. 2007) by introducing more dispersion in the prop-
agation (Fig. 6), as demonstrated by Agliardi and Crosta (2003). In addition, the kinetic
energy profile is greatly modified when the resolution of the DEM is increased. Both
parameters are of primary importance for hazard mapping and dimensioning of mitigation
measures.

Grid

I1x1m
100 m oo

10x 10 m

Fig. 6 Influence of the DEM mesh size in the scattering of the rockfall trajectories (after Agliardi and
Crosta 2003)
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A great improvement in the rockfall hazard assessment is the monitoring of fallen blocks
from a cliff between two epochs or more (Rosser et al. 2005; Lim et al. 2006; Lato et al.
2009; Abellan et al. 2010; Pedrazzini et al. 2010). Indeed, such approaches allow for the
quantification of the magnitude and activity of rockfalls in a cliff. Rosser et al. (2007)
quantified the increase in rockfall activity some months previous to the occurrence of
larger events. Similarly, when this activity decreases, it may be inferred that the potential
instability becomes stabilized during a given period (Pedrazzini et al. 2010). In addition,
new methods of mobile terrestrial LIDAR along road cuts already produce detailed 3D
models that provide data for structural analysis. If such acquisitions are repeated over time,
they can be used to detect the most active areas (Lato et al. 2009).

5.3 Debris-flow

As suggested by different authors (e.g. Jakob 2005; Horton et al. 2008), process-based
modelling of debris-flows is a difficult task because of the complexity of the phenomenon
and the variability of controlling factors. Detailed topography (slope angle of channels as
well as the channel profile) together with the available channel material can be critical
parameters (Hungr 2005).

These are the major input from both ALS- and TLS-DEM, and they are critical to assess
properly the volumes that can be mobilized. Based on the topography curvature of ALS-
DEM and other properties, it is also possible to extract potential source areas for debris-
flows (Horton et al. 2008). The second improvement provided by ALS-DEM is the
possibility to improve the modelling of propagation, despite the fact that computing time is
very high if a full resolution ALS-DEM is used to compute the models on large areas.
Similarly to rockfall modelling, Stolz and Huggel (2008) have shown that the modelling of
debris-flows can be really improved by using HRDEM. Nevertheless, it must be empha-
sized that as a channel is a dynamic body and breakouts are always possible, a full
resolution approach can also be a pitfall for models. For instance road embankments on the
HRDEM are diverting flow, while in reality road bridges often exist to let the flow pass.
Nevertheless, ALS-derived HRDEM with reduced resolution (10 x 10 m) permits to
obtain very good results for propagation calculations at regional scale (Horton et al. 2008).

6 Monitoring
6.1 Landslide

Before the existence of remote sensing techniques such as LIDAR, RADAR and photo-
grammetry, landslide monitoring was based on single-point measurements, using either
GPS or total stations. But obtaining the complete field of displacements for the whole
landslide is of great help to understand landslide kinematics and failure mechanism
(Fig. 7). Laser scanning is nowadays a common tool for displacement monitoring even if
few published papers exists. The basic principle is the same for both ALS- and TLS-DEM,
requiring at least two epochs of HRDEM acquisition. Nevertheless, as monitoring requires
both high resolution and high precision data sets, most of the works have been done up to
now using TLS-derived HRDEMs. The results are either vectors between two points (or
common areas) or distances between two data sets (point to surface comparison) either in a
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Fig. 7 Example of interpretation of landslide mechanism by using two successive TLS-DEMs performed
on the 16 March and 12 April 2006 along the Sorge river (Switzerland). a Altitude difference between the
scans and b interpretation of the cross-section showing a rotational landslide (modified after Jaboyedoff
et al. 2009a)

user-defined direction or as shortest distance (Hausdorff distance) between the two sur-
faces. This difference calculation allows for the computation of volume differences, as is
discussed by different authors (Bitelli et al. 2004; Chen et al. 2006; Corsini et al. 2007;
Teza et al. 2007; Dewitte et al. 2008; Jaboyedoff et al. 2009a; Prokop and Panholzer 2009;
Mueller and Loew 2009; Avian et al. 2009; Baldo et al. 2009).

The standard deviation of the measurements between two epochs can be quite high,
depending on multiple factors, such as the quality of the TLS data sets, the density of
points, the existence of vegetation, the roughness of the relief, the quality of the alignment
between the scans, the relative or absolute positions of the TLS and the variation of the
surface of the terrain between the two epochs. For instance, these values were not less than
5 c¢cm at 100 m for Prokop and Panholzer (2009), or 3 cm for a 300 m range for Teza et al.
(2008). In our recent experiences, it is possible to compare TLS data sets acquired con-
secutively and reach values of the standard deviation of around 1 cm for close ranges (less
than 100 m) and high point densities. This is in agreement with the results obtained on the
“fast” moving landslide of Super-Sauze (France) where it was possible to measure
velocities of 3.2 cm/day (Travelletti et al. 2008).

The low number of monitored landslides using ALS-derived HRDEM is due to the
lower precision of ALS compared to TLS (~ 15 cm vs. ~ 1.5 cm). As a result, comparison
of such HRDEM requires a longer period between two acquisitions to obtain reliable
results. Nevertheless, using classical photogrammetry on ancient aerial photos, it is pos-
sible to obtain displacement maps simply comparing objects locations on the pictures and
on the ALS-DEM (Roering et al. 2009; Baldo et al. 2009).

6.2 Rockfall

Monitoring surface displacements in rock slopes is, in a way, simpler than in soil slopes
because the displacements can be considered as rigid body transformations (Teza et al.
2007; Monserrat and Crosetto 2008; Abellan et al. 2009; Oppikofer et al. 2009). As a
consequence, it is easier to identify and decompose the movements as a combination of
translations and rotations of different parts of the slope. A good example for monitoring
surface displacements is the huge slope displacements that occurred at the eastern flank of
the Eiger (Switzerland), which was moving by more than 70 cm/day during the parox-
ysmal activity (Oppikofer et al. 2008). The detailed displacement analysis using the rigid
body transformations of the upper part of the Aknes rockslide in Norway combined with
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detailed structural analysis allowed to derive the possible landslide mechanism (Oppikofer
et al. 2009). Recent developments improved this methodology by introducing Euler angles
to describe the rotational movement of the Cinque Torri rock towers in Italy (Viero et al.
2010).

Together with these monitoring results, the possibility to link spatial and temporal
prediction of rockfalls constitutes a great challenge for landslide monitoring. Indeed, two
different precursory indicators are currently being investigated: (1) the increase in rockfall
activity before the final collapse, shown by Rosser et al. (2007) for a hard rock cliff at the
coast of Staithes (UK); (2) the detection of precursory displacements is investigated for
large rockfalls (e.g. 125 cm/day preceding a 170,000 m® partial collapse of the Eiger
rockslide, Oppikofer et al. 2008) and fragmental rockfalls (e.g. centimetric displacements
preceding rockfalls with few to hundred cubic metres, Abellan et al. 2009, 2010) (Fig. 8).
Although in certain cases precursory movements can be of the same order of magnitude
than instrumental errors, different authors have observed that errors can be considerably
reduced by taking into account the information of the neighbouring points, i.e. noise
reduction by filtering or averaging (Lindenbergh and Pfeifer 2005; Monserrat and Crosetto
2008; Abellan et al. 2009). As an example, it was shown that it is possible to detect
millimetric surface displacements in an outdoor experiment, even if single points had a
higher standard deviation (Abellan et al. 2009).

6.3 Debris-flow

As we already mentioned, it is possible to monitor the channel changes using TLS
(Oppikofer 2009; Theules et al. 2009) (Fig. 9). Recently, Scheidl et al. (2008) were able to
compare two deposition areas of debris-flows that occurred during the heavy rainfall of
August 2005 in Switzerland using two ALS-DEM acquisitions. They obtained good results
but still with high errors that can reach more than 50% for eroded volumes, which is
probably overestimated because the errors are computed pixel by pixels.

7 Discussions and perspectives

The real use for landslide studies of HRDEM from ALS or TLS started in 2000, although
some developments started in the 1960s. For ALS this comes from the fact that GPS has

Fig. 8 Spatial prediction of rockfalls through the detection of pre-failure deformation using TLS. a Study
area and analysed area; b comparison of TLS data sets during a time span of 303 days. Colour scale
from —0.1 up to 0.1 m (after Abellan et al. 2010)
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| Sediment Balance: -806 m3
Erosion: 1,233 m3
Deposition: 428 m3
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Fig. 9 Sediment budget calculated by the subtraction of two TLS data sets of the bed of the Manival torrent
(France) (modified after Theules et al. 2009)

become available for public application during the mid-1990s. The TLS device market
developed later because of the lack of software for 3D data processing and problems for
handling huge amount of data (point clouds with several millions of points).

Main advantages of the technique are the acquisition of real 3D information, the fast
data acquisition, easy set up and portability and its high resolution, at least for the ground-
based instrument. Reversely, the main limitations of the ground-based technique are the
existence of shadow areas caused by rugged topography, the huge quantity of acquired
information and the needed post-processing techniques for filtering and alignment of the
data sets, i.e. when a large area is scanned, several data sets must be merged and due to
error propagation the alignment started to be more complicated and time-consuming to
obtain reliable results.

As we have seen the number of applications is increasing very quickly. This is
underlined by the fact that the recent syntheses about landslides risk include laser scanning

@ Springer



Nat Hazards (2012) 61:5-28 21

and HRDEM as important tools (Van Westen et al. 2006; Fell et al. 2008; Derron and
Jaboyedoff 2010). Figures including LIDAR images are presently published in papers
without any other information, which means that it is now considered as a routine method
demonstrative enough to be self-explanatory (Jibson 2006).

All the presented applications indicate that research has not yet well defined the limit of
the LIDAR techniques, without taking into account the future advances, especially
for monitoring purposes. It is clear that HRDEM is an inestimable support not only for
landslide mapping, but also for hazard assessment. The use of the full data quality for
modelling purposes is still not achieved.

LIDAR intensity provides some information on the material type, but it remains a
difficult task to discriminate different materials (e.g. lithologies) based on the laser
reflectivity because of the various causes of intensity variations. This has been applied with
good results to the classification of river bed at different epochs by identifying water—land
boundary (Hofle et al. 2009). Some research groups are now looking at further refinement
of LIDAR imaging coupled with other remote sensing techniques. LIDAR data sets
merged with RGB colours obtained from optical camera were tested on the Vesuvius crater
providing encouraging results but is still far from an operative one (Pesci et al. 2007,
2008). Coupled with LIDAR data sets, the hyperspectral camera permits to get additional
information on rock characteristics (Kurz et al. 2008).

One of the most promising advances is probably to analyse simultaneously InSAR
results and HRDEM. The problem is to obtain coherent results between LOS distance
changes from InSAR data and the 3D displacement vector extracted from LIDAR data. In
any case, the first results are already consistent for TLS (Teza et al. 2008) and for ALS
(Roering et al. 2009).

8 Conclusions

Above synthesis and considerations shows that HRDEM is increasingly being used in the
landslide community, becoming an essential tool for landslide risk management s.I. In a
few years, LIDAR sensors will probably be a standard tool for landslide analysis. Fol-
lowing the current trend, full coverage by ALS-DEM in most of the rich countries will be
reached within the next 10 years. As the technique is also progressing, more accurate and
precise ALS and TLS devices will appear, allowing for the generation of more accurate
DEM. In addition, the vertical cliffs will certainly be also better imaged by new equip-
ments, such as helicopter-based LIDAR sensors. Nevertheless, the huge amount of data
will remain a problem as the computers will need to be more powerful with increasing data
acquisition capacity as it is already the case with mobile LIDAR systems that have an
acquisition rate of up to 200 kHz.

The real challenge is to develop new methods to better take benefit from HRDEM.
Indeed a lot of new information can be extracted from such DEM that we not yet
contrived to do. Although great advances have been developed in geometrical aspects,
most of the conceptual models remain tied to the past. Could we combine these accurate
HRDEM with a better modelling of landslide mechanisms (including rockfalls and
debris-flows)? Is it possible to integrate surface measurements with early warning sys-
tems? The challenge for HRDEM exploitation is not only linked to landslide but also for
instance to the analysis of fracturing at the surface using HRDEM and its extrapolation
to underground.
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ITASA's Contribution for the Integrated Disaster Risk Management

International Institute for Applied Systems Analysis (ITASA)

“Risk” has been part of IIASA’s activity profile since the Institute’s foundation. This
theme is critical, as the prospect of unintended consequences from technological,
environmental, and social policies continues to stir intense debates that shape the future
of societies across the world. Relying on probability calculations, risk became a
theoretical focus designed to bolster a scientific, mathematically-based approach toward
uncertainty and risk management.

Early controversies in the 1970’s and 1980’s on nuclear power, liquid natural gas storage,
and hazardous waste disposal — all early research topics at IIASA — made clear to the
expert community, however, that probabilistic calculations of risk, although essential to
the debates, are not sufficient to settle issues of public acceptance. In response, IIASA
has pioneered research on risk perception (Otway and Thomas 1982), “objective” versus
“subjective” assessments (Kunreuther and Linnerooth 1982), systemic cultural biases
(Thompson 1990) and risk and fairness (Linnerooth-Bayer 1999).

As a critical part of this history, IIASA is widely recognized for its advancements in
stochastic and dynamic systems optimization (e.g., Ermoliev 1988), treating endogenous
uncertainty and catastrophic risks in decision-making processes (reviewed in Amendola
et al. 2013), and advancing statistical methods for probabilistic assessment (e.g., Pflug
and Roemisch 2007). The hallmark of ITASA’s risk research is the integration of these
multiple strands of mathematical and social science research.

One important in-house model taking an integrated perspective in the RISK program at
ITASA is the so-called CatSim model (Catastrophe simulation), which focuses on the
government and its fiscal risk in the face of natural disaster events. It is a mainstay of
the Program’s methodological and policy research and was first developed to aid public
officials in developing countries to assess catastrophic risks from natural hazards and
analyze options to enhance their country’s financial resiliency. The model takes a
“systems approach” by integrating catastrophe risk modeling with financial and
economic modeling The model enables users to explore the impact of traditional and
novel financial instruments, including reinsurance and catastrophe bonds, terms of the
costs of reducing the risk of a financing gap. CatSim has proven useful in other contextes
as well, e.g., for allocating climate adaptation and development funds to support disaster
resilience in the most vulnerable countries. Based on the model framework, assessed
exposure and financial vulnerability to extreme weather events on the global scale can
be performed too (Hochrainer-Stigler et al. 2014)

Beyond modeling, ITASA has pioneered the exploration of novel financing instruments to
provide safety nets to vulnerable communities and governments facing climate risks
(Linnerooth-Bayer, J. & Amendola 2000). These instruments now feature prominently on
the agendas of development organizations and NGOs, and they are also gaining
attention in the climate change adaptation community (Linnerooth-Bayer and
Hochrainer-Stigler, 2015). In an early influential policy paper, IIASA scientists argued



that donor-supported risk-transfer programs, some based on novel instruments, would
leverage limited disaster-aid budgets and free recipient countries from depending on the
vagaries of post-disaster assistance (Linnerooth-Bayer et al. 2005).

As a final mention, IIASA’s contributions to integrated disaster risk management have
included the design and implementation of new forms of bottom-up governance, most
notably stakeholder processes which co-design policy options with experts, and explicitly
recognize large value differences.
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Collaboration between DPRI and IIASA
and establishment of IDRiM Society

The move to set up the IDRIM Society was based on the success of a series of nine
Forums on Integrated Disaster Risk Management organized by the Disaster
Prevention Research Institute (DPRI) of Kyoto University and the International
Institute for Applied Systems Analysis (ITASA) located in Austria. The first forum
was in 2001 which was the starting point for cross-collaboration with the aim to
strengthen a new disciplinary area of integrated disaster risk management. As
indicated, after eight annual conferences and active interactions under this
Initiative, this led ultimately to the formation of the IDRiM Society in 2009 which
officially was launched on October 15, 2009 in Kyoto, Japan, at the 9th IIASA-
DPRI Forum on Integrated Disaster Risk Management. The launching of the
IDRIM Society was promoted also by many national and international
organizations including Beijing Normal University, International Institute of
Earthquake Engineering and Seismology (IIEES), National Research Institute for
Earth Science and Disaster Prevention (NIED), the United Nations International
Strategy for Disaster Reduction (UN/ISDR), the Joint Research Centre of the
European Commission (JRC/EC) and other organizations. The IDRiM Society was
enthusiastically welcomed and its Charter approved by more than 100
international experts, practitioners, and individuals from more than 20 different
countries working in the disaster risk management field. Since then, 7
international conferences on Integrated Disaster Risk Management were held
around the world, including Austria, USA, China, the U.K., Canada, India and Iran.



Past IIASA-DPRI Conferences

9th IIASA-DPRI Conference on Integrated Disaster Risk

Management:

“Scientific Challenges in Implementing Integrated Disaster Risk

Management in a Changing World.”

8th IIASA-DPRI Conference on Integrated Disaster Risk
Management:

“Integration and Multi-disciplinarity.” .

7th IASA-DPRI Conference on Integrated Disaster Risk

Management:

“Coping with Disasters: Global Challenge for the 21st Century

and Beyond.”

6th IIASA-DPRI Conference on Integrated Disaster Risk
Management:

“Risk and Challenges for Business and Industry.”

5th IASA-DPRI Conference on Integrated Disaster Risk
Management:

“Innovations in Science and Policy.”

4th IIASA-DPRI Conference on Integrated Disaster Risk
Management:

“Challenges and Implementation.”

3rd IIASA-DPRI Conference on Integrated Disaster Risk
Management:

“Coping with Regional Vulnerability.”

2nd [IASA-DPRI Conference on Integrated Disaster Risk
Management:

“Megacity Vulnerability and Resilience.”

1st IASA-DPRI Conference on Integrated Disaster Risk
Management:

“Reducing Socio-Economic Vulnerability.”
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Annual Conferences of IDRiIM Society

The 15t Conference of the International Society for University Natural 1-4,
Integrated Disaster Risk Management Resources and applied | September
(IDRiM2010) : Life Sciences 2010.
Sharing IDRiIM experiences under different Vienna,
socio-economic and cultural contexts Austria
The 2nd Conference of the International Society the University of 14-16
for Integrated Disaster Risk Management Southern California July
(IDRiM2011): (USC), 2011
Reframing Disasters and Identifying Deficits in Los Angeles,
Risk Governance United States
The 3rd Conference of the International Society for Beijing Normal 7-9
Integrated Disaster Risk Management University September
(IDRiM2012) : Beijing, 2012
From surprise to Rationality: Managing China
unprecedented Large-Scale Disasters
The 4th Conference of the International Society for | Northumbria University, 4-6
Integrated Disaster Risk Management Newcastle upon Tyne, | September
(IDRiM2013): UK 2013
From Opportunity to Action: Bridging the Gap
between Disaster Reduction and Development
through Science(s), Technology and People
Centred Actions
The 5th Conference of the International Society for Western University, 30 October
Integrated Disaster Risk Management London, Ontario, -1
(IDRiM2014): Canada November
Building Disaster Resilient Communities 2014
The 6th Conference of the International Society for Scope Convention 28 - 30
Integrated Disaster Risk Management Centre, New Delhi, October
(IDRiM2015): India 2015
Disaster Risk Reduction: Challenges and
Opportunities for Sustainable Growth
The 7th Annual Conference of the International Hotel Abbasi, 1-3
Society for Integrated Disaster Risk Management Isfahan, October
(IDRiM 2016): Iran 2016

Disasters and Development: Towards a Risk

Aware Society
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Research Programs

There are currently nine IIASA research programs carrying out research into the
dynamics of global change. These programs use holistic approaches and effective,
interdisciplinary collaborations to identify the multiple solutions needed to bring about
a global transformation to true sustainability.
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The IIASA research programs are shown in the interactive diagram above. The outer circles show
the current nine research programs and the proposed new Global Health Program. The inner circle
represents integrated research activities at IIASA. Importantly, the diagram shows how each of the
research programs intersect and contribute to these integrated projects, an increasing focus of
ITASA research.

In addition to contributing to large-scale integrated projects and cross-cutting initiatives, each
research program is responsible for undertaking research and maintaining and developing core
competencies in their areas of expertise. It must be stressed that the IIASA research programs are
not discipline-based, but are themselves interdisciplinary and house a diversity of scientific
expertise, across the natural (e.g., biology, chemistry), physical (e.g., physics, mathematics,
engineering), and social sciences (e.g., economics, demography, geography) that together focus on
a particular research theme.
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Risk and Resilience

The Risk and Resilience (RISK) Program aims to better understand the risks to
economic, ecological, and social systems arising from global change and to help
transform the ways in which societies manage them.

Society needs to make effective responses to the risks
associated with global change. To that end, scientists must
understand the systemic and dynamic linkages of
environmental, social, and economic risks and how these are
impacted by different policy measures. This will enable risk
management and governance systems to be improved in
order to facilitate long-term sustainable development.

Systems analysis, risk modeling, and transformative
governance are fundamental to the mission of Risk &
Resilience (RISK). The Program examines environmental and
socioeconomic risks and policy options across multiple spatial
and temporal scales to provide an analytical foundation for
improved management and governance of natural disasters,
address climate change, and ease the technological and ecological transitions to sustainability.

Woman with Orange Umbrella. Muddy
Road China © Pavliha | iStock

The Program has four specific goals:
*  To advance the conceptual and methodological development of risk and vulnerability
research
* To carry out selected risk and vulnerability assessments
« To carry out integrative stakeholder-led case studies, and

«  To develop interactive tools for training on vulnerability and adaptation.

The program builds on the methodologies, activities and experience gained from the previous
IIASA Risk, Modeling and Society (RMS) and Risk, Policy and Vulnerability Programs. It integrates
across other IIASA programs and links closely with the vulnerability/resilience research
communities.

Risk analysis and modeling

The Risk Analysis and Modeling research theme investigates how to manage the risks
arising in socio-ecological systems, including risks from climate extremes and other
types of hazards. More

Risk Management and Adaptation

This thematic research area focuses on developing policy-relevant methodological
insight for informing risk management and adaptation strategies; the aim of which is
to support the multi-scale integration of agendas on risk management, climate
change adaptation and sustainable socio-economic development. More

Governance in Transition

The Governance in Transition research theme analyzes how governance structures
shape decisions and subsequent outcomes by building on and contributing to
research on decision-making processes, public acceptance, risk perception, cognitive
biases, and cultural perspectives, as well as participatory governance design. More

http://www.iiasa.ac.at/web/home/research/researchPrograms/RISK/RISK-home.html
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From Kobe to Sendai.
Tracing progress in risk discourse and analysis for

informing risk management and climate adaptation.

Reinhard Mechler

Deputy Program Director, Risk and Resilience Program, ITASA

Risks associated with natural disasters and climate change rank high among global
socio-economic sustainability challenges. These risks, the outcomes of coupled socio-ecological
systems' interactions, can lead to large adverse developmental consequences (erosion of
livelihoods, increase in poverty, loss of human, economic, environmental and social assets,
migration) and have been at the centre of attention of disaster management and climate
negotiations. Concepts, methodologies, methods and metrics associated with risk have been
of fundamental and increasing saliency for informing policy and action on these interlinked
challenges. The talk traces the evolution in conceptualisation, modelling and assessment as
well as policy related to risk analysis for the examination and management of disaster and
climate risks. Building on work done by the presenter with many colleagues, the central line
of argumentation of the talk is to show how thinking and analysis on disaster and
climate-related risk over the last few years has seen important evolution towards
broad-based debate concurrently encompassing epistemological, instrumental, reflective and
participative discourses, thus providing great potential for informing action on key challenges

associated with extreme event risks across multiple scales along the science-society interface.
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Dr. Reinhard Mechler

Personal Profile

Reinhard Mechler has more than 15 years of experience working on the economics of disaster risk,
risk modelling and climate change. He currently is deputy director of the ‘Risk, Policy, Vulnerability’
research program at the International Institute for Applied Systems Analysis (IIASA) and a senior
lecturer at the University for Economics and Business in Vienna. Specific interests of his include
catastrophe risk modelling, the impacts of extreme events and climate change on development, the
use of novel risk financing mechanisms for sharing disaster risks, and the assessment of the efficiency
and equity of climate change response measures. He was a lead author on IPCC’s special report on
adaptation to extreme events (SREX) and is a lead author on the chapter on the Economics of
Adaptation in the upcoming 5th assessment report. He has been leading and contributing to many
projects for international and donor organizations including the European Commission, DFID, CIDA,
the UN, ProVention Consortium, World Bank, Asian Development Bank, Inter-American Development
Bank, Caribbean Development Bank and GIZ.

Areas of expertise

Economics of natural disaster risk management and adaptation, disaster risk sharing instruments and
insurance, systems modelling, climate change adaptation and mitigation strategies, development
economics, ecological economics.

Editorial boards
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