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6.1
An open-source webGIS platform for risk management of natural
hazards in Canton Vaud
Zar Chi Aye1, Veronica Artigue1,2, Michel Jaboyedoff1, Marc-Henri Derron1, Christian Gerber2, Sebastien Lévy2
Institute of Earth Sciences, University of Lausanne, Quartier UNIL-Mouline, Bâtiment Géopolis, CH-1015 Lausanne
(zarchi.aye@unil.ch)
2
Direction Générale de L’Environnement DGE, Etat de Vaud, CH-1014 Lausanne
1

Following changes in Swiss subsidy system in 2008, different protection projects were needed to prioritize in terms of their
cost-effectiveness, as a response to limited financial resources (Bründl et al. 2009). According to the legislation of Canton
Vaud, municipalities are responsible for managing risks by taking into account the provided hazard maps, and relevant
issues must be included in their spatial planning policies. For the funding of protection measures and analyses, tools such
as EconoMe (BAFU 2017a) and Valdorisk (DGE 2017) have been developed for risk evaluation and prioritization of
mitigation projects, serving as decision-making instruments to the responsible authorities for risk management of natural
hazards. However, these tools lack, in particular, the spatial representation of natural hazards and risks. Since natural
hazards are location dependent, risk management activities can benefit from geographical representations.
Therefore, in this study, based on the same principles established, we developed an interactive webGIS platform for Canton
Vaud, using open-source software and technologies. This platform aims for: 1) the risk evaluation of buildings and roads for
different types of natural hazards, 2) the rapid evaluation of risk before and after protection measures, and 3) testing the
efficiency of measures using a simple cost-benefit analysis. Different types of hazards are considered in this study (such as
avalanches, floods, debris flows, rock falls and landslides) and intensity maps for different scenarios (such as 30, 100 and
300 years of return periods based on Swiss guidelines) are used for risk analysis. To adapt the tool of the Swiss
Confederation (i.e., EconoMe) at the level of Canton Vaud, cantonal register of buildings (RCB) data are used by making a
correspondance between building classes of RCB and EconoMe. For the roads, SwissTopo data are used as a starting
point. Then, the corresponding vulnerability data of EconoMe (BAFU 2017b) are used accordingly to calculate different
types of risk (objects and persons) for a combination of hazard and object types. Compared to EconoMe and Valdorisk, one
of the main advantages of this platform is that it offers the possibility to perform rapid risk analysis at various study scales,
depending on the user requirements.
The platform is composed of various components for data upload, risk calculation, formulation, cost calculation and
selection of protection measures. The user can upload necessary input maps and configure additional parameters for risk
calculation. Based on the given inputs, risk is calculated dynamically and the user can visualize results in the map interface.
It also allows the user to calculate risk only for an interested zone by drawing a polygon in the map. Based on risk
outcomes, the user can propose (draw) measures before realizing the actual design and dimensions of such protective
measures in the area. Or can upload the measure map if available (Fig. 1). For the re-calculation of risk after protection
measures, the user can upload new intensity and object maps or can update these maps manually by editing features in
the platform. For the selection of measures, the user can calculate annual cost of measures and can compare them using a
simple cost-benefit analysis tool.
This platform will be demonstrated with a study area in Canton Vaud, and this research work is performed within a project
funded by Canton Vaud.
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Figure 1. Visualization of an existing measure (uploaded by the user) for the rock falls hazard at the study area of Chardonne.

REFERENCES

BAFU. 2017a: EconoMe 4.0: Wirtschaftlichkeit von Schutzmassnahmen gegen Naturgefahren, Bundesamt für Umwelt,
http://www.econome.admin.ch/, last access: 24.08.2017.
BAFU. 2017b: EconoMe 3.0 Objektparameter, http://www.econome.admin.ch/doc/Objektparameter_generate.php, last
access: 24.08.2017.
Bründl, M., Romang, H. E., Bischof, N., & Rheinberger, C. M. 2009: The risk concept and its application in natural hazard
risk management in Switzerland, Nat. Hazards Earth Syst. Sci., 9, 801-813.
DGE. 2017: Calculateur de risque Valdorisk - Direction Générale de l’Environnement, http://www.vd.ch/index.php?id=61124,
last access: 24.08.2017.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 6: Hazards and risks in mountain regions

234

6.2
Synthetic design hydrographs for gauged and ungauged catchments in
Switzerland
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Design hydrographs for a defined return period are necessary for hydraulic design tasks such as the construction of dams
and retention basins as well as for flood management tasks such as drawing flood hazard maps [Klein et al., 2010].
Traditionally, design floods have been specified by peak discharge within the univariate flood frequency framework which
neglects hydrograph volume and its relation to peak discharge. Design hydrographs that also represent hydrograph volume
and shape in addition to peak discharge provide a more complete picture of the flood behavior of a catchment. We thus
propose a method for the construction of a set of event-type specific synthetic design hydrographs (SDHs), characterized
by peak discharge, hydrograph volume, and shape, which represents the flood-process variability within a gauged
catchment. In addition, we also introduce a bivariate regional index flood approach to regionalize such SDH sets to
ungauged catchments based on a dataset of 163 medium-size Swiss catchments.
Gauged catchments
The SDH construction approach in gauged catchments is based on observed runoff time series. On the one hand, it models
the hydrograph shape via a probability density function which is fitted to a representative hydrograph shape. On the other
hand, the magnitude of the event is estimated in a bivariate flood frequency analysis taking into account the dependence
between peak discharges and hydrograph volumes via a copula function. This approach can be used to construct a single
catchment-specific SDH that summarizes the flood behavior of a specific catchment [Brunner et al., 2017]. In addition, it
can be applied to construct several flood-type or event-type specific SDHs that represent the different event types and the
runoff variability associated to them. We found that three event-types, a fast, intermediate, and slow event, are sufficient in
most catchments to describe the hydrograph shape variability induced by different flood mechanisms.
Ungauged catchments
We propose a regional index flood approach to regionalize event-type-specific SDHs that account for process variability to
ungauged catchments (Figure 1). In a first step, we identified regions of catchments with a similar reaction to flood
triggering precipitation events. We found that three regions, a quickly reactive, a slowly reactive, and a uniformly reactive
region, well described the different reaction types in our dataset. In a second step, we assigned an ungauged catchment to
one of the three reactivity regions based on its catchment characteristics. In a third step, we used a bivariate regional index
flood model to estimate the magnitude of the design event in the ungauged catchment based on the pooled data in the
corresponding reactivity region.
We found that the bivariate regional index flood model is suitable for the regionalization of event-type-specific SDH sets to
ungauged catchments. Using different event-type specific SDHs, the engineer or practitioner will get a more complete
picture than from just one design estimate which does not represent process variability in sufficient detail.

1 Institute of Engineering Univ. Grenoble Alpes
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Figure 1. Illustration of the regionalization framework. The data input and output for the models are indicated for the three different steps of
the approach: 1) hydrograph shape clustering, 2) catchment clustering, and 3) design hydrograph construction. Hydrograph shape
clustering was done on the catchment scale, catchment clustering on the regional scale, and design hydrograph construction used regional
data to derive estimates on the catchment scale. Design hydrographs were constructed based on three regions: quickly reactive (A), slowly
reactive (B), and uniformly reactive (C). The hydrograph shape (I) and magnitude (II) were modelled and combined to a synthetic design
hydrograph (III).
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6.3
Imaging of non-gravitationnal movements in rock faces
Derron Marc-Henri1, Rouyet Line1,2, Guerin Antoine1, Lefeuvre Caroline1, Jaboyedoff Michel1
1
2

Groupe Risk, Institut des Sciences de la Terre, Geopolis, Université de Lausanne (marc-henri.derron@unil.ch)
Norut - Northern Research Institute, Tromsø, Norway

Two remote sensing techniques have significantly contributed to a better understanding of gravitational movements these last
twenty years: radar interferometry (InSAR) and laser scanning (LiDAR). Because of their high spatial and time resolutions,
these techniques are also able sometimes to capture movements which are not gravitational. Here “non-gravitational” is used
to describe movements which “go up the slope”, part of the time at least. Such movements had already been recognized from
punctual measurements by differential GNSS or extensometers for instance. The recent and original contribution of InSAR
and LiDAR is that it is now possible to get images from these non-gravitational movements, with some surprising results
sometimes. Non-gravitational movements are important to understand gravitational ones. These periodical deformations
contribute to rock mass weakening and material fatigue. Two cases are presented hereafter.
1. Daily thermal fluctuations of a granite flake
In the Yosemite National Park (California), the daily variation of rock surface temperature can easily reach 40°C (Collins &
Stock 2016). A granite flake has been monitored for 24 hours with terrestrial LiDAR, crackmeters, contact temperature sensors
and thermography (Guerin et al., 2016). The amplitude of daily deformation exceeds 5mm in some places (Figure 1).

Figure 1. Granite flake in the Rhombus wall (Yosemite Park). Left: locations of devices. Middle: temperature difference between 8:00 and
11:40. Right: deformation recorded during an interval of 12 hours. From Guerin et al., 2016.

2. Seasonal breathing in the Børa valley side (Norway)
Two groundbased InSAR have been set up at the bottom of the valley of Romsdalen (Western Norway) to monitor the
rockslide of Mannen (Rouyet et al. 2017). The area covered by those two radars is much larger than the rockslide itself, and
an unsuspected displacement pattern was recorded in the neighbouring area, by both devices and during two consecutive
years. The Børa valley side is a 1 km high steep rock face of fractured gneiss. Every year, a 300m by 800m zone in the middle
of this slope start to inflate at the end of June. The distance of the surface to the radar is reduced by about 1cm (going down).
Near mid-August this displacement is reversed, the rock surface “moving up” away from the radar (Figure 2). These
movements have been confirmed by satellite InSAR (Rouyet et al. 2017). They are interpreted as a change of water pressure
in the valley side due to an interplay between snow melt at the top and frozen fractures in the rock face.
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Figure 2. Displacements recorded by groundbased InSAR during the deflating phase of mid-August 2011. Displacements are in mm,
positive values indicating that the rock surface is moving away from the radar, up the slope (from Rouyet et al. 2017).
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6.4
Outburst floods triggered by impulse wave overtopping
Frederic M. Evers1, Pierre-Jacques Frank2, Willi H. Hager1 & Robert M. Boes1
1
2

Laboratory of Hydraulics, Hydrology, and Glaciology (VAW), ETH Zurich, CH-8093 Zürich (evers@vaw.baug.ethz.ch)
Axpo Power AG, Parkstrasse 23, CH-5401 Baden (formerly VAW, ETH Zurich)

Outburst floods are characterized by a sudden water release from a standing water body to downstream regions of lower
geodetic elevation and therefore representing a serious hazard in mountain regions. Potential water bodies include e.g.
artificial reservoirs for hydropower generation, lakes impounded by a landslide dam, or moraine-dammed proglacial lakes.
Water masses overtopping the dam crest are a major load for the dam faces, eventually causing a complete failure of the
structure due to erosion. The transport of water mass over the dam structure is initiated either by a water level rise
exceeding the dam crest elevation, or by wave impact. While the former process is gradual allowing for monitoring and a
temporal estimation of the instant of overtopping, the latter is subject to larger uncertainty. Impulse waves generated by
substantial mass wasting into the water body pose a particular threat to the stability of embankment dams, even under
conditions of sufficient freeboard to withstand the load of wind waves. Westoby et al. (2014) classify impulse wave
generation by landslides or avalanches as a major triggering mechanism for outburst floods from moraine-dammed lakes.

Figure 1. Hydraulic model setups in VAW laboratory corresponding to three stages of outburst flood event triggered by impulse wave
overtopping.

Although outburst flood events are widely simulated by means of numerical models (Westoby et al. 2014), the physical
principles of the triggering mechanisms related to impulse wave overtopping are still lacking detailed understanding and are
a source of substantial uncertainties. Hydraulic experimentation allows for gaining a deeper insight into the individual stages
of the overall process chain. Therefore, three different hydraulic model setups were operated: impulse wave generation and
spatial propagation in a 3D wave basin, wave overtopping in a 2D wave channel, and spatial dam breach in a 1 m wide
flume (Figure 1). The height of the impulse waves generated by a landslide or an avalanche in 3D is mainly governed by
the following slide parameters: slide impact velocity, slide mass, slide thickness, slide width, and slide impact angle as well
as the stillwater depth (Evers & Hager 2017). The propagation distances in impounded mountain lakes are commonly short
and the waves are still comparatively large upon impact onto the shore or a dam. As to wave overtopping at a dam, the
eroded crest depth is defined as the vertical distance between the initial dam crest and the highest dam elevation after
erosion. It is mainly governed by the freeboard, followed by the wave height and the dam shape (Huber et al. 2017).
Another important quantity is the overtopping volume: even if the dam crest withstands the wave loading and the entire
structure is not subject to failure, small overtopping volumes can already create severe downstream flooding. If the eroded
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crest depth after multiple wave overtopping is larger than the initial freebord, an incision for initiating a dam breach is
created. The peak breach discharge of the outflow hydrograph is mainly governed by the maximum headwater level, the
reservoir water surface area, the cross-sectional dam area, and the inflow discharge if the drainage discharge is assumed
to be negligible (Frank 2016, Boes et al. 2017). The results indicate that the reservoir water surface area represents a more
practical parameter to describe peak breach discharge as compared with the often-used reservoir volume. In addition, it is
directly extracted from ortho-images so that no information of the reservoir bathymetry is needed for estimating the peak
discharge.
The experimental data are crucial to develop integrated numerical schemes covering all stages of an outburst flood event,
offering the potential to model prototype settings including downstream reaches. In addition, model tests provide the basis
for generally applicable equations serving for an overall hazard assessment as well as a prediction of reservoir outflow
hydrographs as the decisive input parameter for numerical simulations of the flood wave propagation in the downstream
valley and floodplain and its impact.
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6.5
Towards rapid likelihood estimation of earthquake-triggered massmovements in Switzerland based on the calibration to historical
observations
Donat Fäh1 & Carlo Cauzzi1
1

Schweizerischer Erdbebendienst, ETH Zürich, Sonneggstr. 5, CH-8092 Zürich (donat.faeh@sed.ethz.ch)

In Switzerland, nearly all historical Mw ~ 6 earthquakes have induced damaging landslides, rockslides and snow
avalanches that, in some cases, also resulted in damage to infrastructure and loss of lives. We describe herein the
customisation to Swiss conditions of globally calibrated statistical approaches originally developed to rapidly assess
earthquake-induced landslide likelihoods worldwide. Since the valuable Swiss historic dataset of earthquake-induced
phenomena is not rich enough to develop Swiss specific prediction models, we chose to develop recipes for optimal
adaptation of global models to Switzerland. We adopted the model of Nowicki et al. (2014) and adjusted the predictive
equations to capture the distribution of mass movements associated to the historical earthquakes.
We tuned the model to capture the observations from past historical events in Switzerland in 1295, 1356, 1584, 1601,
1755, 1774, 1855 and 1946, for which information on earthquake-triggered mass-movements have been collected and
interpreted (e.g. Fritsche et al., 2012). This also includes the discussion about the expected incompleteness of the historical
dataset. We recalibrated the coefficients of the global model to output likelihoods larger than 0.75 at location of known
historical mass-movements. The customised predictions are based on: (i) seismic input from Swiss ShakeMap, (ii) highresolution geomorphology, (iii) local mass-movement susceptibility data, and (iv) the calibrated model for historical
earthquake-induced mass-movements. We also propose a simplified representation of mass-movement likelihoods for
stakeholders. The predictive model is optimised for near-real-time estimates based on USGS-style ShakeMaps routinely
produced by the Swiss Seismological Service (Cauzzi et al., 2014).
This study has a high practical relevance to many Swiss-ShakeMap stakeholders, especially those managing lifeline
systems, and to other global users interested in conducting a similar customisation for their region of interest. Even if
calibrated on historic events with moderate-to-high magnitudes, the methodology presented in this paper yields sensible
results also for low-magnitude recent events
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Figure 1. Mass-movement likelihood and known mass-movement observations (circles; Fritsche et al., 2012) of the 1946 Mw 5.8 Sierre
mainshock and largest Mw 5.5 aftershock. The epicentral location of the mainshock according to ECOS-09 is shown by the orange star.
Known mass-movements are colored according to the maximum predicted likelihood within 500 m of the mapped location.
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6.6
Coupling SLBL with shallow water model to assess landslide-generated
tsunami hazard at Oeschinensee
Martin Franz, Benjamin Rudaz, Michel Jaboyedoff, Yury Podladchikov
Institut des sciences de la Terre, University of Lausanne, CH-1015 Lausanne (martin.franz@unil.ch)

Water bodies located in mountainous regions are susceptible to be reached by mass movement, which could lead to an
impulse wave. Because of the concentration of the population in valleys and on the shores, such phenomenon could lead
to catastrophic consequences. In order to assess comprehensively this phenomenon together with the induced risks, we
have developed a 2.5D numerical model which aims to simulate the propagation of the landslide, the generation and the
propagation of the wave and eventually the spread on the shores or the associated downstream flow.
The whole process is done in three steps implying different methods. Firstly, the geometry of the sliding mass is
constructed using the Sloping Local Base Level (SLBL) concept. Secondly, the propagation of this volume is performed
using a model based on the shallow water equations (SWE) with Bingham and granular flow rheologies. Finally, the wave
generation and propagation are also simulated using the SWE stabilized by the Lax-Friedrichs scheme. The transition
between wet and dry bed is performed by the combination of SWE and the viscous flow equations.
The ability of the model to simulate the complex sequence of mass movement, wave generation and propagation, run-up
and floods is demonstrated with the case study of Oeschinensee (Bern, Switzerland). Indeed, the lake is surrounded by
cliffs and glaciers and is prone to landslide-generated tsunami in case of rock or ice avalanches. A potential overtopping
may lead to a downstream flood that threatens the city of Kandersteg.
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From the average velocities of deep seated landslides to
intensity-frequency scenarios
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1

Hazard maps (Lateltin, 1997) indicate degrees of danger that qualify the potential of events according to their intensity and
their return period, usually set at 30, 100 and 300 years. For landslides, intensities are determined on the basis of their
average annual displacement velocity. These velocities are in most cases derived from expert opinion based on
observations. They are not sufficient to establish scenarios associated with the usual return periods. Therefore, we present
here a method allowing to deduce intensities on the basis of the negative exponential distribution of the landslides velocities
for the three return periods. These intensities correspond to the differential movements potentially induced by the
landslides. The deformation thresholds are a function of the landslide surface and its estimated average velocity. This
approach leads to three scenarios that provide data for a risk analysis.
This method is implemented in a WEBGIS platform (Aye et al., 2016a, 2016b), which automatically calculates the risks
using the buildings register - including their values and assignments, and an inventory of landslides as polygons with three
velocity classes attributed to the three return periods.
We consider here the impact of the intensity level on the building as a new hazard scale. Therefore, we use the average
displacement velocity (v) and the landslide surface (A) to get a differential motion. Based on A and v the differential strain
in cm / (m × an) or in% per year is given by:

Where it is assumed that the ratio of the length to the landslide width is 2, and that the distribution across the width
is an isosceles triangle. This value of is the characteristic of each landslide (polygon in a GIS). The results will
depend on the thresholds for intensities and therefore on the calibration of the potential damages. We assume that a
building of width w = 10 m is affected by a deformation during a period of time Dt. This makes it possible to calculate the
differential displacement dd on w during this period:

The event frequency is calculated on the basis of the velocities indicated in the inventory, fixing w = 10 m and Dt = 30, 100
and 300 years. The results are classified into four intensity classes (Table 1).
This method has been applied to a region of the inventory of the canton of Vaud (VD, 2017) in Diablerets. It allows intensity maps to be
drawn up for three different return periods and to assess the total risk of these three scenarios (Figure 1). This approach makes possible to
implicitly integrate extreme events, which is relevant for a risk analysis. The first risk calculations with this method provide results
corresponding to our knowledge of the local context.

Intensity

High
Medium
Low
Negligible

Limits for dd
[cm / 10 m]

I ≥ 100
50 ≤ I < 100
10 ≤ I <50
I<10

Table 1. Value of selected intensity thresholds.
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Figure 1. Example of intensity classification according to the proposed method for the return period of 300 years for deep seated landslide
(GPP) (based on VD, 2017).
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In Switzerland floods are responsible for most of the damage caused by rainfall-triggered natural hazards (89%), followed
by landslides (6%, ca. 520 M Euros) as reported in Hilker et al. (2009) for the period 1972-2007. The prediction of landslide
occurrence is particularly challenging because of their wide distribution in space and the complex interdependence of
predisposing and triggering factors. One of the most popular approaches for the definition of regional early warning systems
for landslides is that of precipitation thresholds.
Here we propose an objective and robust framework for their definition (Leonarduzzi et al., 2017). We analysed rainfall
triggering thresholds for landslides from a new gridded daily precipitation dataset (RhiresD, MeteoSwiss) for Switzerland
combined with landslide events recorded in the Swiss Damage Database (Hilker et al.,2009). The high-resolution gridded
precipitation dataset allows us to avoid problems concerning the selection of representative raingauges and allows a
spatially explicit assesment of rainfall as a triggering factor.
Each of the 1670 rainfall triggered landslides in the database in the period 1972-2012 was assigned to the corresponding
2x2 km precipitation cell based on its location. For each of these cells, precipitation events were defined as series of
consecutive rainy days and the following event parameters were computed: duration (d), maximum and mean daily intensity
(mm/d), total rainfall depth (mm) and maximum daily intensity divided by Mean Daily Precipitation (MDP). The events were
classified as triggering if a landslide happened during them and non-triggering otherwise. This classification of observations
was compared to predictions based on a simple threshold model for each of the parameters. The predictive power of each
parameter and the best threshold value were assessed by ROC curve analysis and statistics such as AUC and True Skill
Statistic (TSS).
Event parameters containing intensity were found to have similarly high predictive power (TSS=0.59-0.65, AUC=0.87-0.90),
with the exception of duration (TSS=0.23 and AUC=0.65). Slightly better performances were obtained when considering a
typical power law intensity-duration curve (TSS=0.67). The analysis was repeated for sub-regions of the country based on
erosivity and climate, using local climate (MDP) and erodibility (Kuehni and Pfiffner, 2001), or a combination thereof, in the
classification. When defining regional maximum intensity thresholds, the performances were further improved in all cases
although marginally (TSS + 0.7-2.5%). The regional maximum daily intensity thresholds varied greatly among classes, with
differences of up to 33 mm/day, and they increased with decreasing erodibility and increasing wetness (MDP). The range of
best threshold values are even greater when considering variables divided by the local MDP value (Fig.1, for maximum
daily intensity). The trend of increasing thresholds required to generate landslides in wetter climates suggests the existence
of a landscape balance between climate, erosion and soil formation. In order to demonstrate the quality and robustness of
the results, we also analysed ROC reference cases obtained by randomization of landslides in space and time, and
resampling to equal sample size between triggering and non-triggering events (prevalence).
From these results, we conclude that the rainfall threshold identification method defined here is robust, the True Skill
Statistic is an adequate optimization criterion for the definition of rainfall thresholds, that erodibility and local climate (Mean
Daily Precipitation) provide additional information with predictive skill for landslide generation, and finally that daily
precipitation, although insensitive to the strongest convective events is still very useful in providing insights on the
occurrence of lanslides.
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Figure 1. Best rainfall thresholds and the correspondent exceedance probability computed for 1972-2012. Recorded landslides are shown
as black dots. a) best country-wide maximum daily intensity threshold, c) corresponding exceedance probability, b) best threshold
computed using local Mean Daily Precipitation and best maximum intensity/MDP thresholds for each of the 16 MDP-erodibility region and
d) the corresponding exceedance probability.
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Real-size rockfall experiment: How different rockfall simulation impact
models perform when confronted with reality?
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To manage rockfall hazards, it is important to correctly estimate the reach distances and velocities of rock blocks. For that,
characteristics of 103 impacts from a real-size rockfall experiment were added to a visualization tool to facilitate the analysis
of empirical data and the comparison with numerous rockfall simulations impact models (Noël et al., 2017a, in this conference).
In this presentation, the particle impact behaviour from the empirical data is first explored and the developed tool described
(Figure 1, 1st line). We observe that the normal apparent coefficient of restitution Rn clearly increases with decreasing incident
angle θ1 and normal velocity Vn1. The restituted tangential velocity Vt2 shows a linear increase with increasing incident
tangential velocity Vt1, so a constant apparent tangential coefficient of restitution Rt. The apparent total coefficient of restitution
R seems to decrease linearly with the angular deviation of the trajectory. This could be explained like this: the more work the
ground has to provide to change the course of the particle, the more kinetic energy is lost through plastic deformation. The
output values of the different models at their default parameters corresponding to the terrain materials are then compared.
Finally, the effect some input parameters have on the models is explored using real-time updates of the output values. (Figure
1 follows the References section due to its full page format)
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Figure 1. Comparison of different rockfall impact models with real-size rockfall values using all the same 94 impact’s incident values. Column
1 (C1) shows the apparent normal coefficient Rn in relation with the incident impact angle θ1. C2 shows Rn vs. the incident normal velocity Vn1.
C3 shows the restituted tangential velocity Vt2 vs. the incident tangential velocity Vt1. C4 shows the total apparent coefficient R vs. the angular
deviation θdev.
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In Central Asian Uzbekistan, 100 up to 300 active debris flows and landslides occur every year. The occurrence these
disasters has great negative impact for the local communities and their economy. In the framework of Swiss National
Science Foundation (SNF) supported project “Improving Hazard Assessment for debris flows, rockfalls and snow
avalanches in Uzbekistan applying numerical models”, the Institute of Geology and Geophysics Uzbekistan and the Swiss
WSL Institute for Snow and Avalanche Research SLF foster their partnership to exchange knowledge in the application of
numerical models for hazard mapping and mitigation measure planning.
Numerical simulations of landslides/debris flow movements are difficult because the dynamical behaviour of each process
is governed by different flow regimes and impact mechanics in interaction with the terrain. The present study focuses on the
simulation and analysis of three selected landslides/mudflow events occurring during the past years at different regions in
Uzbekistan applying the RAMMS:HILLSLOPE Software (Christen et al., 2011). The basins chosen for this study differ
considerably in their geological-structural and geomorphological aspect in order to represent the present variability of typical
alpine environments. The main emphasis was to understand how closely numerical simulation predicted the flow paths,
runout distances, velocities and impact pressures of such processes in alpine terrain.
The landslide a) Djauz is located in the basin of the river Djinidarya in South Uzbekistan where it produced a mudflow with
volume of 0.3 million m3. The beginning of the landslide movement was recorded on March 11, 2015. During 6 hours a
mass of rocks with height up to 10 m moved for a distance of 600 m. The flow width varied from 20 m in the upper, 45-50 m
in the middle and up to 17 m in the lower zone. The mudflow b) Baybaksay is located close to Charvak water reservoir in
Tashkent region where mudflow with a volume of 1.4 million m3 occurred. The beginning of the landslide movement was
recorded on April 7, 2005 and during 2.5 hours the mass of rocks with a height up to 10 m moved for a distance of 800 m.
Within next 3 days it moved another 250 m, destroying a important road, a bridge and some old facilities.
The landslide c) Khandiza is in the basin of the river Khursandarya in South Uzbekistan close to village Khandiza, at the
same place where a previous landslide occurred in 2015. The beginning of the landslide movement was recorded on March
31, 2017, when mudflow with volume of 1.8 million m3 occurred. During 22 hours the mass of loess soil with a height of 3 to
5 m moved for a distance of 110 m. 257 persons living in the expected hazard zone (66 houses) were temporarily
evacuated.
Within the next 3 days (April 3)the landslide moved for a distance of 230 m, with heights up to 10m, destroying a school
building. Within another 3 days (April 6) the landslide reached the river and covered half of it‘s bed. The landslide soil was
partially washed away by the the main river and was moved by excavators in order to prevent the full blocking of the river
bed. The overall runout of the mudflow within 18 days was 2200 m (Fig.1).

Figure 1. Best-fit results of the mudflow event Khandiza, simulated with RAMMS: HillSlope.
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A prerequisite for meaningful numerical calculation is an accurate digital elevation model. The available resolution of the
digital elevation models is often given by the products of national mapping agencies. Bühler et al. (2011) demonstrated that
digital elevation models with poor spatial resolution (on the order of 25 m and more) may miss important terrain features
while too accurate elevation models (on the order of 1 m or less) may lead to extensive computation times and even
incorrect simulation results. We selected a 5m digital elevation model as the optimal spatial resolution for our cases.
Three documented mudflows in Uzbekistan were backcalculated with RAMMS: HILLSLOPE simulation tools. These results
are based on the assumption that the entire landslide fails instantaneously and not progressively as a sequence of smaller
landslides with barriers over a longer period of time. Therefore we can predicted the flow paths and runout distances, but
not the real velocities of such processes. Generally the runout prediction of simulation models for the three mudflow events
show plausible results when comparing to the observed deposition zones. These vital output parameters can very helpful to
predict runout zones of potential future flows. However, more case studies have to be conducted to develop a more
comprehensive recommendation for modeling the runout of mudflows in natural terrain.
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Progress in Uzbekistan’s economic development predetermines the future active development of the republic’s mountain
territories and these include adventure tourism, road-building and electric power line construction. The development and
recreational activities in the mountains are threatened because of frequent avalanche activity, which is widespread over the
mountain ranges of Uzbekistan (Semakova et al. 2009). Numerical avalanche simulation is a helpful tool to tackle this
hazard. It can calculate runout distances and impact pressures and therefore estimate potential damage. Accordingly
avalanche dynamics calculations are important for decision making about risk assessment, the engineering of protection
structures, and the forecasting and monitoring of snow avalanches.
By the example of selected avalanche catchments, located in the Western Tien-Shan mountains and with economic
importance and recreation activities, we considered observed snow avalanches that are different by genesis types,
volumes, and runout distances. To simulate them we used the RAMMS software, developed by the WSL Institute for Snow
and Avalanche Research SLF (Bühler et al. 2011). This modeling software can calculate the flow height, velocity, and
impact pressure in complex three-dimensional terrain for snow avalanches, rockfalls, debris flows, and shallow landslides,
from initiation to runout. Thanks to calibration and verification using full-scale tests at various sites, the model can be
applied to study hazards in any mountain area where observations exist to adapt the model parameters to local conditions.
Calculation of the dynamic characteristics at every point in the flow will enable risk assessments to be performed for objects
located in the hazard area.
The experience of the dynamic modeling of snow avalanche in the first study area (Kamchik pass region, Fig. 1) showed
the difference in avalanche runout distance and affected area when different digital elevation models (DEMs) were used
(Semakova & Bühler 2017). These DEMs were generated using various data (remote sensing and topographical data) and
techniques (optical stereo-photogrammetry, radar interferometry, and laser altimetry) with specific spatial resolution and
acquisition date. In this case the input parameters such as friction coefficients, release zone height, snow density,
avalanche category, numerical calculation schemes were the same. We found the DEM with which the calculated
avalanche parameters corresponded to real observations.

Figure 1. Location of study area: (a) - Kamchik pass region, (b) - Chimgan valley.
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The second study area (Chimgan valley, Fig. 1) is one of the most popular mountain resorts in Uzbekistan and well known
for downhill skiers, snowboarders and hikers. We compared the trends in annual and winter values for average air
temperature and precipitation sum in these study areas as well as in snow and avalanche characteristics. The numerical
simulation for extreme dry snow avalanches with maximal volume and rare frequency in the Chimgan valley showed good
agreement between observed and calculated runout distances. Automatically calculated friction parameters for small wet
snow avalanches revealed inconsistency with real cases but this analysis will be repeated with new DEM data and the
scientific version RAMMS, which takes snow temperature, density variation and snow erosion into account.
Moreover, one of the future tasks is to assess the influence of new snow fences and protective anti-avalanche
constructions on the change in the dynamic characteristics of snow avalanches and debris flows in given catchments of the
study areas to increase the safety for highways and economic objects in an avalanche prone area of Uzbekistan.
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Landslides represent a major hazard in the mountainous regions, causing extensive erosion and being responsible of
fatalities and high economic losses. In particular, in the Swiss territory landslides are related to the geological,
geomorphological and glacial history of the country and are influenced by preparatory factors, such as climate or human
activities. It is estimated that more than 6% of the area in Switzerland is exposed to landslides causing damages for about
CHF 19.46 million per year (mean 1972-2016 - source WSL). Therefore, the Swiss Federal Institute for Forest, Snow and
Landscape Research (WSL,Hilker et al. 2009) implemented a multitemporal landslide damage database at the national
scale. This catalogue is based on the analysis of historical information and covers a period of 45 years (1972 up to
nowadays).
A vast literature exists on landslides, especially concerning susceptibility mapping aimed at evaluating the probability of
having or not a landslide in a given area. These maps are the result of sophisticated stochastic approaches based on the
relatioships between the landslide events and a set of known predisposing factors (e.g. slope, aspect, lithology, land cover,
precipitations). These techniques normally assume that landslides are uncorrelated in space and in time: however, recent
studies demonstrated that this assumption is false. In particular, two recent studies focused on the pattern distribution and
the cluster behaviour of landslides in Switzerland applied a global cluster indicator, namely the Ripley’s K-function, to
demonstrate that the analysed events were spatially clustered at well identified distance ranges (Pedrazzini et al. 2015;
Tonini et al. 2014). Results showed also that the spatial distribution of landslides was mainly conditioned by the tectonic
activity and by climatic processes (i.e. the action of glaciers on the formation of over deepened valleys). As regards the
temporal distribution of landslides, Witt et al. (2010) analysed temporal correlations and temporal clustering of a proxy
historical landslide time series, demonstrating that the assumption that landslides are uncorrelated in time is false.
The present research analyses the spatio-temporal pattern distribution of landslide events with the aim of detecting whether
space and time are independent variables of the overall phenomena or if, conversely, neighbouring events are also closer
in time, generating clusters. More in detail, both global and local cluster indicators were applied to estimate the degree of
clustering and to detect overdensities. This approach was successufully applied to analyse the pattern distribution of
wildfires in Portugal (Tonini et al. 2017). Finally, possible relationships among spatio-temporal clusters of landslides and
environmental variables were investigated. Specifically, a multivariate analysis, including associated variables such as the
type of landslide, the rainfall distribution, the affected objects was applied to characterise the detected clusters and to infer
about the independency of different classes of events.
The results revealed the presence of significant clustering of all analysed structures at different scales, measured in terms
of distances (in space) and frame periods (in time). The comparison of the detectable spatio-temporal clusters and the
surrounding spatial variables (rainfall records, land use changes, presence of new infrastructure, increase in wild fires, and
abandonment of agricultural terraces) led to the identification of events which predisposed the slope instability or,
conversely, which stabilized a previously active areas.
In conclusion, thanks to the application of spatio-temporal cluster analysis, we have been able to identify framing periods
where the hazard is more likely to occur and, finally, valuing the huge effort it costs to create multitemporal landslide
inventories.
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The Great Aletsch Glacier is experiencing a remarkable retreat with rates in the order of 50 meters every year. During the
last 150 years, several pre-existing landslides have been partially or completely unloaded from the glacier ice mass and
reacted by showing relevant surface deformation. In particular, a large slope instability located in the area called “Moosfluh”
has shown evidences of slow but progressive increase of surface displacement during the past 20 years. The toppling
mode instability of the Moosfluh affects an area of about 2 km2 and entails a total volume estimated in 150-200 Mm3.
We monitored the evolution of the Moosfluh instability with two robotized total stations and time-lapse cameras.
Comparison with surface displacement vector fields derived from total station measurements and digital image correlation
allows to assess and explain local variations in strain fields and to develop a semi-quantitative kinematic model.
In late summer 2016 the Moosfluh instability experienced a large acceleration in particular at the toe of the instability (ca. 8
Mm3). Compared to previous years when annual ground deformations were in the order of few centimeters or decimeters,
during September-October 2016 maximum velocities have reached locally 1 m/day. Displacement rates decelerated
between middle of September and middle of October, however, they have reached a steady state level of around 5 cm/day
and remained constant during the winter period. In the 2017 spring season surface displacments have increased again and
sectors of the slope were displaced by up to 50-60 meters. Currently (August 2017), displacements at the toe of the
Moosfluh are in the order of 30 cm/day and still accelerating.
Our monitoring results show a remarkable change in the current displacement pattern compared to previous years. A
secondary headscarp was generated and the majority of displacements are now concentrated in the last 200 m of altitude
towards the glacier. Moreover, areas located close to the secondary headscarp show a larger vertical displacement
compared with areas closer to the toe (see Figure 1). This can be intepreted as the formation of a basal sliding plane with
maximum depth of 50 m.
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Figure 1. (a) Digital image correlation results relevant to the period 24/08/2017 – 30/08/2017 over the Moosfluh slope instability. Images
acquired from the webcam located in Driest. The color scale shows the deformation in pixels. Numbered stars show the location of
reflectors monitored via the Robotized Total Station (RTS) located on the other side of the valley (Driest). (b-c) Horizontal and vertical
surface displacements of selected RTS monitoring points for the same time period shown in (a).
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The study consists in making a new inventory of shallow landslides in the Canton of Vaud in Switzerland, including volumes
and occurrences. The Canton of Vaud has been very active in developing approaches for natural hazard mapping over the
last years (VD, 2017). It includes gravitational hazards such as: permanent landslides (deep), spontaneous landslides
(shallow), rockfalls, subsidence or collapse. Although shallow landslides are typically small in volume, they are frequently
located close to populated areas, have often high velocities and impact energies, and then can be very damaging for
persons and infrastructures.
In 2015, the whole Canton de Vaud territory was covered by a new airborne LiDAR acquisition with an unprecedented
density of points (up to 80 points / m2). This new dataset offers an excellent opportunity to make a new inventory of shallow
landslides including volumes estimations.
Main datasets used for this project are: 1) a digital elevation model (DEM) at 0.5 m grid cell size. The full LiDAR point
clouds datasets are available too; 2) a former inventory including more than 610 events from years 1889 to 2013, 3)
present phenomena and danger maps, 4) basic documents such as: geological and topographical maps, airphotos, ….
Main part of the work is to identify and map shallow landslides on hillshaded representations of the new DEM, for various
geological, soils and sites conditions (Prealps, Plateau and Jura). The volume of each landslide is then assessed using the
Sloping Local Base Level (SLBL) method (Jaboyedoff & Derron 2005). The SLBL method is based on the base level
concept, typically the lowest level that the erosion can reach in sedimentology but applied here to shallow landslides. It is
able to address a large number of landslides automatically. In a first step, in order to test the method, shallow landslides
whose volumes are known from independent technical reports or inventories are used.
The goal is to get an inventory of shallow landslides representative of the various geological / sites conditions of the
Canton. The preliminary results indicate that the volume follows power law like distributions, which depends on the
geological context. In addition, in several cases, the reach-angle can be observed, allowing a first to assess the probability
of propagation. All these results will improve significantly hazard and risk assessment maps for shallow landslides.

Figure 1. Map of shallow landslides at the site “Les Avants”. The thickness has been estimated using the SLBL method.
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P 6.4
Characterizing active clayey landslides dynamics by microseismic
monitoring
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Landslides developed in clay-rich formations are characterized by unpredictable reactivation. In recent years, seismic
monitoring of active landslides detected a variety of - generally weak – seismic signals which are inferred to be triggered by
the slope deformation. Evaluating the landslide seismicity and characterizing its occurrence in space and time enable thus
to monitor and map dynamics of the landslide in near real-time. Thus, passive seismic monitoring present a good approach
to complement surveillance of active landslides. If precursor events are detected and recognized, it will suport early-warning
systems and slope failure anticipation. However, extreme scattering and attenuation of the waveforms in the heterogeneous
material composing the instabilities, combined to the inherent difficulty of operating seismic networks with optimal geometry
in rugged terrains severely challenge standard approaches to event location and consequently impedes source processes
interpretation.
In this study, we investigate continuous seismic data of the well-instrumented Super-Sauze landslide (Southeastern France)
and compare observations with newly acquired seismic data at the Pechgraben landslide (Upper Austria). We apply the
nanoseismic monitoring methodology to detect and evaluate seismicity patterns (Sick et al. 2012; Vouillamoz et al. 2016).
Despite varying displacement rates (mm d-1 – 10’s of cm d-1) and hydrological conditions, comparable signals that range
from impulsive earthquake-like signals to minute-long tremor sequences are detected at both landslides. In addition to
beam forming methods (Joswig, 2008), we use waveform attenuation patterns to evaluate the signal source location.
Source sizing is then benchmarked with calibration shots carried out at the two landslides. First results indicate that
endogenous seismicity rates correlate positively with higher displacement rates. Signals seem to be preferentially originated
at shearing boundaries of the slides, which in turn suggests creeping processes to be the main source of seismic energy
release.
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Rockfall hazard is a major threat in mountainous area. The Saint-Eynard limestone cliff in the north of Grenoble, France, is
prone to rockfalls. As the Grenoble agglomeration extends to the Saint-Eynard footcliff, a proper characterization of the
rockfall hazard is required to set suitable safety measures for these high exposed areas.
In order to evaluate the erosive dynamic of the Saint-Eynard cliff, a rockfall detection based on the Lidar method has been
performed from 2015 to 2017. Over 900 rockfalls have been detected with a resolution of 0.001 m3 (Figure 1).
This method provides the location, the volumetric and the temporal (annual accuracy) information of rockfall.
Several studies propose the use of a power law to model the frequency-magnitude distribution of rockfalls and its use for
diffused hazard assessment of future rockfall events.
The use of a power law for the purpose of hazard assessment is based on the assumption of its temporal stability. The
Saint-Eynard is one of the longest Lidar monitored site with 8 years of Lidar records. Benefiting from this long-time set of
data, the temporal stability of the power law is evaluated.
The result showed that the power law is stable over years and quite sensitive to the quality of the database considered.
However, it is a suitable method for the short time prediction of rockfall.
The Lidar detection method allows to establish a consistent rockfall database but suffers from some limitations such as
superimposition of rockfalls and large temporal dating (annual accuracy).
The exploitation of weekly photographs of the cliff for rockfall detection allows to get rid of superimposition issues and to
refine the temporal information of the rockfall.
An automatic method of change detection using heterogeneous and medium resolution photographs is an ongoing
development of this study. The method should detect changes in homogeneous media just like the cliff surface of the SaintEynard site, and handle differences in illumination, shadowing, resolution, scale and framing. Currently, the method allows
to detect rockfalls in case of relatively same scale, and permits to detect smaller rockfall than the ones detected with the
lidar method (Figure 1). Nevertheless, it importantly suffers from noise due to an insufficiently fine registration in case of
different scales. It prevents the detection of small rockfalls that the Saint-Eynard cliff experiments the most.
The temporal information retrieved from the photographs are intended to be used to evaluate the fluctuation of the erosion
dynamic in a year and to evaluate correlations with meteorological fluctuations. This study will lead to the computer
modelling of rockfall process, cliff retreat and talus debris accumulation.
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Figure 1. Top: Rockfalls detected with the Lidar method for the site of Saint-Eynard where blue rockfalls occurred between 2015 and 2016,
and yellow rockfalls occurred between 2016 and 2017. Bottom images are blow-ups of the orange rectangle of the top one: result of the
rockfall detection from the lidar point cloud (left) and from the photography method (right).
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Over the last decade, typical responses of impacted surface receive an increasing interest. Rockfall dynamic is mainly
governed by 1) rock mass motion during both free fall phase and impact phase (e.g. velocity, angular momentum,
restitution coefficient) and by 2) various parameters related to terrain deformation properties (e.g. grain size distribution,
void fraction, cohesion and friction angle). We investigated different bed response over the impactor dynamic, i.e. how
would the rock mass behave when considering a friction-dominated or plastic-dominated regime within the impacted
medium.
We established our own 2D distinct element algorithm to solve impact problems of low to intermediate impact velocity, i.e.
typically ranging from 1 to 10 m/s, onto granular media (for a detailed overview of DEM, refer to Poschel & Schwager,
2005). The latter is written in a C programming language environment to ensure fast calculation cycles. Our visco-elastic
model (often referred as a nonlinear spring-dashpot system) solves a set of equations of motion (translational and
rotational) for the granular behavior of the medium. Non-linear normal response (i.e. based on the Hertz-Mindlin theory for
spherical impact) and linear shear response are addressed as well as normal cohesive ductile bonds between particles
(e.g. plastic deformations occur when the tensile strength or normal strain at the contact reaches a critical value leading to
breakages of cohesive bonds, see Langlois et al. 2015, for further details).

Figure 1: Illustration of a simplistic constant cohesive force (left) and a linear cohesive shear force within the granular medium. Bonds
breakage becomes irreversible (no new bonds can be formed) as soon as the normal strain exceeds a critical threshold.

Since impact dynamic is mainly governed by both initial impactor and bed conditions, we conducted a set of preliminary
numerical investigations related to differential responses of the bed. The latter are due to variable initial bed conditions
regarding constant initial impactor conditions.

Figure 2: Initiation of shear zones induced either by a regular (left) or plastic (right) shear stress response of the granular medium. The
initial granular medium properties (i.e. geometry of the assembly, grain size and mechanical parameters) are invariant. Impact conditions
assume an initial impact velocity of 10 m/s for an impact projectile radius 20 times greater than the average medium’s particle radius. The
Bond number is 200.

These preliminary investigations suggest that within a cohesive medium, the frictional response mainly prevails as a
governing strain mechanism (e.g. shear strain). In addition, the impactor’s rebound appears to be clearly governed by an
elastoplastic response of the medium. This suggests a combination of both friction (large shear strain) and elastoplastic
influences over the impactor dynamic.
As prospective suggestions, we will carry on many numerical experiments to better establish the respective influences to
propose a quantitative description of the impactor’s rebound.
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To manage rockfall hazards, it is important correctly estimate the reach distances and velocities of rock blocks. When
rockfall is primarily composed of freefall and rolling rebound phases, free-flight velocities and reach distances are mainly
the result of energy transfers that occur at impacts against the ground. So, it is better to focus directly on impacts for
calibration of simulation models. For this, accessible and shareable empirical data with which models can be tested are
needed. Since steep terrains are difficult to access, we developed a fast acquisition method that does not require
measurement of impact positions using survey methods, precision GPS or trajectory tracking algorithms. The impact
position is rather visually noted on high resolution digital terrain model, like we did for the Riou Bourdoux site (Figure 1).
The time interval between the impacts is then used to reconstruct the 3D trajectories with their velocities:

Figure 1. The high resolution TLS meshed 3D point cloud of the Riou Bourdoux site. The scene is shaded with computed hillshade & Eye
Dome Lighting values based on the local terrain orientation and not by wrapping a high resolution photo over low resolution elevation data
(Hue & Saturation from LiDAR camera, Value from hillshade & EDL). This is important to specify because here the detailed terrain we
observe is directly linked to the good quality of the TLS data.

The high resolution digital terrain model can be generated by SFM or LiDAR methods. The rockfall trajectories must ideally
be filmed with more than one point of view. Those reconstructed in 3D can then be compared with those in the videos to
validate the location of the points of impact. For the Riou Bourdoux site, 103 impacts were noted from 11 trajectories of
blocks of about 0.35 m (0.04 m3). Characteristics such as 3D terrain orientation, incident and restituted velocities, incident
angle and 3D deviation of 103 impacts were added to a visualization tool (Figure 2). It has been developed to facilitate the
analysis of empirical data and to help making an informed choice of the parameters to be used with some rockfall
simulation models. Ultimately, as the tool is easily shared, it should improve practice and facilitate the teaching of rockfall
hazards.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 6: Hazards and risks in mountain regions

263

Symposium 6: Hazards and risks in mountain regions

264

Figure 2. The tool we developed in which the empirical values of the real-size rockfall experiment are embedded and shown as black dots
on the graphs. User can click on each graph and chose which variables he wants do display while trying to find correlations. We also
added at the core of the tool numerous existing rockfall simulation models. Their outputs values computed in 3D from the input empirical
values can be displayed in red, linked to their corresponding empirical values with grey lines. Some of their parameters can be adjusted
(eg. Rn, Rt, soiltype, the slope surface roughness, etc.), while seeing the effect on the outputted values in real-time. This should help
finding the right set of parameters for a given study site, especially if more than one rockfall simulation program is used. Of course, the
given study site should be similar to the one from which the empirical values comes from. So feel free to contact us if you have empirical
values to share!
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Le territoire occupé par le Rwanda a été soumis à de nombreuses contraintes dont l’acuité et l’intensité ont varié dans le
temps, en fonction de la variation des densités sur d’innombrables formes heurtées du relief (G. ROSSI 1991). Tout
l’espace est exploité et l’habitat y est dispersé (BART F. 1993, CAMBREZY L. 1911), y compris parfois des zones avec des
pentes très abruptes et les bas-fonds (CHARLERY DE LA MASSELIERE B. 1993; G.RWANYINZIRI 2008).
Cela a pour conséquence que, pendant la saison pluvieuse, les pentes avec les activités humaines sont affectées par les
processus gravitationnels, principalement des glissements et des coulées de boue et de inondations. Les événements de
cette dernière décennie (MIDIMAR 2012 et 2013) illustrent ces glissements de terrain et inondations fréquents comme
principaux aléas de la montagne rwandaise. Mais les travaux déjà effectué sur l’espace Rwandais en l’état actuel des
données illustrent une diversité des dangers et des risques (MIDIMAR : 2015, National Risk Atlas of Rwanda) dans cette
espace dite des mille collines avec des altitudes qui y varient de 900 m à plus de 4500m.
Selon UWIZEYIMANA L (1991) il existerait une certaine périodicité d’occurrence des pics d’impacts sur les nombreux
versants et vallées d’un territoire surpeuplé à faible taux d’urbanisation (17% selon le National Institute of Statistics of
Rwanda, 2012). Et l’objectif de notre poster faire un aperçu sur l’évolution des méthodes d’études problèmes de la
montagne au Rwanda tout en essayant de faire des essaie d’évaluation d’applicabilité de méthodes modernes (HORTON
P. et alii 2013) eu égard à la qualité de données disponibles afin de mieux cerner les aléas pour mieux évaluer les risques
(JABOYEDOFF M. et alii 2008 et 2012) relatifs à la montagne rwandaise.
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Rockfall hazard evaluation in a touristic area of northern Tunisia using
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The study area is located in the north-west of Cap Bon, northern Tunisia, where the issues of landslides hazards have
recently emerged. Despite the multitude, the complexity and the high degree of dangerousness of these instabilities, the
region remains virgin without any previous numerical support or basic data for a risk study.
Djbel Korbous is an important relief dominating the southeastern edge of the Gulf of Tunis and presents a special site of
tourism and therapy. The main road, which is the only access to it, is a coastal road passing along a damaged cliff and
suffers of several instabilities and rockfall of different sizes reaching the sea and destroying the protection measures.
Structure for motion photogrammetry, being a simple, practical and inexpensive monitoring tool, was an efficient choice to
initiate the modeling of a very vulnerable and inaccessible cliff. The present study aims at defining a multi-risk assessment
methodology that fits to the characteristics of a touristic area where there were no pre-existing digital field data.
The first part aims at the development of a high quality digital terrain model for the entire site, about 12km2, which required
photogrammetric acquisitions from the sea and GPS surveys to realize the georeferencing. Thus the mapping of
phenomena and the characterization of potential and fallen volumes allow the consitution of the first instabilities inventory
for the zone. In addition, many terrestrial LiDAR scans were realized to complete the first model as well as several local
photogrammetric acquisitions were done to capture the spatio-temporal instabilities’ evolution and to understand the
mechanism of rupture and the cliff degradation.
The second part of the study is to constitute a quantitative and qualitative rockfall hazard zoning based on 2D and 3D
trajectory modelling (RocFall, RockyFor 3D and Trajecto 3D).
As a result, SFM photogrammetry enabled the reconstruction of a high spatial resolution data support, providing a reliable
and detailed 3D model for a site where there was no numerical data. Subsequently we define the main structurally
controlled failure types and we could detect and map all potential instability sources from steep slopes.
Combining different rockfall numerical models all together allowed a complete and comparative analysis methodology to
predict the rockfall runout distance and the propagation areas and to estimate velocities and energies of fallen blocks.
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The continuous expansion of human habitats, the presence of transport routes in remote valleys, melting of alpine
permafrost as a consequence of global warming, and exceptional climatic events are amplifying the risk of catastrophic
mountain-slope failures, landslides and, more in general, hydro-geological instability.
Among the many natural hazards in mountainous regions, rockfalls are frequently occurring processes that are
characterized by their suddenness and difficulty of prediction. Urbanization development and growth imply higher and
higher impacts on the territory. In civil engineering, excavation works are becoming routine and thus increasing
destabilization and slope failure risks on the dug out areas. The investigation of potentially unstable mountain cliffs and
slopes is today a primary need to increase natural and anthropic risk prevention and forecasting.

Slope Monitoring Radar
The use of slope monitoring radar such as Synthetic-Aperture Radar (SAR), InSAR (Interferometric Synthetic-Aperture
Radar) or TInSAR (Terrestrial Interferometric SAR) is now the most advanced practice for the active monitoring of slope
for safety critical landslide monitoring; with the aim of providing alerts in the event of progressive movements which could
potentially lead to slope failure. If not yet systematically used, these devices are already well operated in situation of
particular necessity; only mentioning Valegion landslide in Ticino, Aletschgletscher, Sörenberg, Bondo, etc.
Safely “around-the-clock” long-term monitoring slopes is therefore a necessity. With early detection, accidents can be
prevented, with long-term analysis general knowledge and geological processes can be better understood and mitigated.
Even tough the end results are always good and useful, the tedious mobilization of such instruments in addition to
their behavior and reliability under harsh environments, as well the higher investment costs, have always been the
main limitations.
The interest of a new development of this kind of instrument, with less mechanical mobile elements, lighter and
financially more approachable, but still providing a good degree of accuracy and reliability, is therefore tangible. Actual
instruments (Figure 1B) are often very bulky, and require particular conditions to guaranty an acceptable utilization, present
a certain complexity of utilization, the obtained precision is not always sufficient and are definitely very expensive.

Environmental and Operation Conditions and Constraints
For a large part of the existing radar systems, environmental conditions is a main limitation. These devices are not able to
operate in all weather conditions (rain, fog, snow,…), and even less, in extreme conditions such as in strong thunderstorms
and wind.
Most of the actual SARS are very bulky, heavy (over 200 kg!) and work on rails. The complexity of the assembly is strongly
decreasing the flexibility and the mobility of such devices.
SAR Monitoring devices should be, due to usual problematic transport conditions and difficult accesses of the monitoring
sites (e.g. to remote and/or mountainous areas), constituted by elements which are easily transportable, shock resistant,
waterproof and light. The installation and the assembly of such devices shouldn’t involve complex operations.
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Objectives and Perspectives of A New Development
The revolutionary Array Synthetic Aperture Radar (ASAR) (see Figure 1A) developed meets the following objectives and
characteristics:
Realization of a complete GB-SAR based on modular antenna array (Figure 1A)
Operational range: 20 – 3000 [m]
Range resolution: 0.75 [m]
Measurement threshold : 4mm (at 3’000 m a.s.l. and optimal environmental conditions)
Cross-range resolution: 14 [mrad] (improvable to 4.3 mrad)
Acquisition time: 30 [s] … 5 [min]
Compact system, robust, lightweight and portable to simplify the transport and set-up: 12…30 kg
(depending of cross-range resolution)
Automatic alarm system
Real time results and logging possibility
Cost reduction compared to actual GB-SAR on the market

•
•
•
•
•
•
•
•
•
•

A

B

Figure 1. A) The new revolutionary Array Synthetic Aperture Radar (on the left) vs (B) the actual existing systems (on the right).
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On the basis of historical reports, multibeam bathymetric datasets, seismic reflection surveys and numerical wave
modelling, previous studies have shown that devastating tsunamis occurred in perialpine lakes in Switzerland. These
events have diverse trigger mechanisms such as earthquakes, rockfalls or spontaneous subaquatic mass movements
displacing large amounts of water. For instance, a tsunami with a height of 4 m occurred in Lake Lucerne after an
earthquake (Mw 5.9) in 1601 AD. (Cysat, 1969; Schnellmann et al., 2002; Fäh et al. 2011; Hilbe and Anselmetti, 2015). At
Lake Geneva, a major subaerial rockfall triggered a partial subaquatic collapse of the Rhone delta in 536 AD causing a
tsunami with a height of several meters (Montandon, 1925; Kremer et al., 2012).
This study uses cross-sections based upon sediment cores to identify historic tsunami deposits in coastal settings of Swiss
lakes. It will provide the foundation to confirm and quantify historic tsunami events and to extend the event catalogue to the
prehistoric period. We will investigate in which way lacustrine tsunami deposits differ from their marine counterparts, how
they can be discerned from terrestrial flood deposits and infer run-up height, inland penetration distance and flow regime.
Results will establish a tsunami chronology that will be correlated with major mass-transport deposits observed in various
lake basins (Schnellmann et al., 2002; Kremer et al., 2015). This study is part of an interdisciplinary project addressing the
causes, controls, frequency of this to date underrated lacustrine tsunami hazard and also includes numerical modelling of
tsunami propagation and inundation. Furthermore the information gained from historic tsunami deposits will serve to ground
truth results yielded by numerical models.
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P 6.12
Automatic detection of debris flows based on infrasound and seismic
data
Andreas Schimmel1, Johannes Hübl1
1
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Due to the fast socio-economic development of mountain areas, processes like debris flows, debris floods, or bed load
transport, constitute an increasing hazard to lives and property. Monitoring debris flow torrents is essential for warning
issues and gaining more knowledge about the processes. Debris flows and debris floods induce, by the collision of stones
and by the friction of the flow to the channel, waves in the low-frequency infrasonic spectrum and seismic waves. The fact
that debris flows have a characteristically pattern in the time-frequency range for the infrasound and seismic signals,
permits an early detection and identification of these events, even before a surge passes the sensor location.
Several approaches to detect debris flows with infrasonic (e.g. Chou et al. 2010) or seismic sensors (e.g. Arattano et al.
2014) are already existing but so far no warning system based on a combination of seismic and infrasound sensors has
been developed and no approach for identifying mass movement processes in respect to their process-type, and –
magnitude based on this both signals has been considered.
This work aims to build up a warning system for detecting and identifying alpine mass movements by analysing the seismic
and infrasound waves. The developed system is build up on a minimum of one seismic and one infrasound sensor which
are co-located and a microcontroller which runs a detection algorithm to detect debris flows and debris floods with high
accuracy in real time directly on-site (Schimmel et al. 2016). The developed detection algorithm analyses the evolution in
time of the frequency content from the infrasonic and seismic mass movement signals. Therefore three different frequency
bands are used to analyze the infrasound signal, whereby a 3 to 15 Hz band characterizes debris flows and a 15 to 45 Hz
band is used for debris floods. The frequency bands below (manly dominated by wind) is used to eliminate false alarms due
to wind and there is also a criteria using the variance of the amplitudes to eliminate artificial false alarms. Figure 1 shows
an example of the seismic and infrasound signals and the amplitudes of the frequency bands of a debris flow occurred at
the Tyrolese test site Lattenbach on 16.08.2015. The time between detection and passing of the main surge for this event
was 40 s which is an adequate time for early warning.
The System has been installed at eleven different test sites in Austria, Italy and Switzerland. All 22 debris flow events which
occurred since 2013 has been detected and also the most of smaller debris floods and bedload transport processes has
been identified. During the whole operation time only six false alarms were registered.
Further work will compare the data of recorded events with information of other measurement systems, to define a common
set of identification rules for event-type and magnitude identification. The detection system will be extended by this
identification rules and the developed process identification system will then be tested on several test sites.
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Figure 1. Infrasound and seismic data of the debris flood monitored at the test site Lattenbach on 16.08.2015. Signals are represented with
a common base of time. (a) Infrasound time series; (b) Seismogram; (c) Average amplitude of the three frequency bands of the infrasound
signal; (d) Average amplitude of the frequency band of the seismic signal; (e) (g) Flow hight; Line: time of first detection based on infrasound
and seismic data for two alarm levels.
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Characterization of natural hazard events affecting the Swiss
transportation networks from 2012 to 2016
Jérémie Voumard1, Marc-Henri Derron1 & Michel Jaboyedoff1
1

Risk analysis group, Institute of Earth Sciences, University of Lausanne, Switzerland, Géopolis UNIL-Mouline,
CH-1015 Lausanne (jeremie.voumard@unil.ch)

As many transportation networks around the world, roads and railways in Switzlerand are regularly affected by natural
hazard especially due to its mountainous topography. Consequences of communication chanel closures due to natural
hazard events affect several human activities linked to the economy, the tourism, the emergency services or the everday
life of the people living close to the closures.
While large natural hazard events affecting roads and railways are generally well studied (i.e. La Frasse VD, Gurtnellen UR,
Valparghera GR), this is not the same for minor and medium-sized events ranging from a few cubic decimeters to a few
thousand of cubic meters. This is especially because their direct consequences are often rapidly fixed (i.e. the road can be
re-opened few hours after the event or is only partially closes). There is thus not much interest to study minor events
instead of large natural hazard events that concern scientists, administration and politicans for years. Although there are
different databases dedicated to natural hazards in Switzerland, they are not enough focused on small events affecting
roads and railways to study features and damages of affected transportation network tracks by natural hazard events. To
reduce this lack of knowledge, we began to collect all natural hazard events affecting road and railways repported in
newspapers from 2012 to 2015 with a view to better knowing them and to try to evaluate their consequences.
Nearly 850 natural hazard events classified into six classes (landslide, debris flow, rockfall, flood, snow avalanche and
others) were collected during the five years considered. Data come from Swiss online press articles sorted by Google Alerts
with over fifty keywords in German, French and Italian. Then, for each event, over as 160 attributes were given to describe
the event and its damages.
The following is a summary of some events caracteristics. The half of the colletected events are floods (50% of all events,
84 yearly), followed by rockfalls (11%, 19 yearly), debris flows (8%, 14 yearly), remaining landslides (23%, 19 yearly), other
events including snowdrifts (6%, 11 yearly) and snow avalanches (2%, 3 yearly). 44% of events occurred in spring, 32% in
summer, 13% in winter and 11% in autumn. June (30% of all events) and July (25%) are the months with the most events
occurrence. Most events occurend in the afternoon (38%) or in the evening (27%). 44% of the events occurred in the Alps
and on the Swiss Plateau while the remaning 12% occurred in the Jura area. 12% of events occurred in the canton of Bern,
11% in the canton of Vaud, 10% in the canton of Valais and 9% in the canton of Grisons. 28% of events occurred in villages
followed by 25% in the countryside and 22% in forest. 88% of events affected roads and 12% railways. Considering the
damages, 55% of events generated track closures, 18% no closure (only trafic restriction during a short time), and 17%
generated partial dommages on the track embankment.
With the low number of considered year, it is not possible to give statistic of the real impact of natural hazard on the Swiss
transportation network. This study must be considered as a picture made in the mid 2010s giving idea of the number of
natural hazard events on roads and railways and their damages. This study allows to consider the bakground noise of the
small events affecting the Swiss transportation network which is not insignificant. Indeed, the summed distance of all
deviations for road closures is 8’500 km (average of 20 km for the 418 proven road deviations) and the sum of closure
duration is almost 48’000 hours which represent neat to 5.5 years of closure duration (average close to one week track
closure for the 296 known closure durations).
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Figure 1. Spatial distribution of the natural hazard events affecting roads and railways in Switzerland (2011-2016).
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