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13.1 
Monitoring instream large wood transport in rivers, using video 
cameras, deep learning and RFID
Janbert Aarnink1, Marceline Vuaridel1, Virginia Ruiz-Villanueva1

1 IDYST, Universite de Lausanne, Quartier Mouline, CH-1005 Lausanne  
(janbert.aarnink@unil.ch, marceline.vuaridel@unil.ch, virginia.ruiz-villanueva@unil.ch)

This work is supported by the SNSF Eccellenza project PCEFP2-186963 “Towards a new understanding of fluvial 
ecosystems: integrating wood regime across multiple scales “ and the University of Lausanne.

Wood’s role in the River ecosystem The influence of instream large wood (10cm diameter & 1m long minimal) recruited 
from forested river catchments on fluvial processes has in early studies generally been disregarded. In more recent years, 
research shows that instream wood influences morphodynamics and its presence results in a more diverse river, creating 
habitats for aquatic and terrestrial species (Wohl et al., 2019). Wood transport may also cause damages to infrastructures 
during floods. Thus, an increasing interest in wood transport quantification has led to the use of techniques like aerial 
imagery, carbon dating, Radio-Frequency Identification (RFID) and video monitoring (MacVicar et al., 2009). Currently a few 
sites are equipped with video cameras (Ghaffarian et al., 2020), but a fully automated detection system is still absent.

Objective The main objective of the research is to increase our understanding of transport processes of large wood in 
rivers. To achieve this understanding, we are designing a monitoring framework to quantify wood transport.

Study sites
−	 Vallon de Nant: An area located in the Swiss mountains in canton Vaud. The valley is a dedicated natural reserve. 

On the downstream end, there is already a station that measures water flow and sediment transport.
−	 Spoel: In the east of Switzerland at the town of Zernez (Canton Graubünden), the Spoel river is located in a Swiss 

national park. The hydropower dam upstream releases experimental floods every year during which wood is 
transported.

−	 Zulg: After several floods caused severe damage, the Zulg river (Canton Bern) was provided with a flood warning 
system. Amateur images show a high amount of wood transported.

−	 Sense: Located in Gantrisch Nature Parc (Canton Bern & Fribourg), the Sense river is a dynamic wide braided 
river, which allows it to have a large wood storage capacity.

Methods
−	 Detection: We are developing a camera observation system based on deep learning to detect large wood and 

quantify wood transport in rivers. The first camera is already recording at the Vallon de Nant area. To create an 
object detection algorithm based on deep learning, so-called training data was obtained by manually adding wood 
to the river and having multiple cameras record it. As a result, we now have thousands of manually identified wood 
observations.

−	 Tracking: In the Spoel river, in recent years we have created a database of large wood pieces. From 2018 
onwards, pieces were tagged with a unique number. This was done pre- and post-flood. As the sizes and locations 
of the pieces are known, a comprehensive wood transport analysis can be created. The same will be done at the 
Vallon de Nant area, with the addition of RFID tags that are put in every piece of large wood in the channel. This 
will allow us to have an even more precise database that can be correlated with the hydrographs and sediment 
transport already measured (figure 1).



4
Sy

m
p

o
si

u
m

 1
3:

  
G

eo
m

o
rp

h
o

lo
g

y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2021

Figure 1. Setup of the Vallon de Nant measuring station. An RFID antenna scans tags in large wood. A camera is monitoring for large wood 
using deep learning. Sonar measures flow and geophones measure sediment transport.

Results and Outlook
First results show that the deep learning approach has the potential to become a more effective detection approach than 
current computer vision solutions. The challenge now is to make the system robust and efficient enough to expand the 
observation network (e.g. to other Swiss rivers like the Zulg or Sense) and to increase our database whilst keeping the data 
quantity minimal. Also, preliminary tests have proven the capacity of RFID tags to accurately track pieces of wood. 
Additional work will be done to tag a large number of pieces along the studied streams.

REFERENCES
Wohl, E., Kramer, N., Ruiz-Villanueva, V., Scott, D., Comiti, F., Gurnell, A., Piégay, H., Lininger, K., Jaeger, K., Davis, W., 

Fausch, K., 2019: The natural wood regime in rivers. Bioscience 69, 259–273.
MacVicar, B., Piegay, H., Henderson, A., Comiti, F., Oberlin, C., & Pecorari, E. 2009: Quantifying the temporal dynamics of 

wood in large rivers: fieldtrials of wood surveying, dating, tracking, and monitoring techniques. Earth Surface Processes 
and Landforms, 34.

Ghaffarian, H., Piegay, H., Lopez, D., Riviere, N., MacVicar, B., Antonio, A., & Mignot, E. 2020: Video-monitoring of wood 
discharge: first inter-basin comparison and recommendations to install video cameras. Earth Surface Processes and 
Landforms, 45(10): 2219–2234.
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13.2 
Gravity modelling of overdeepenings fill in the Bern area

D. Bandou1, F. Schlunegger1, E. Kissling2, U. Marti3, M. Schwenk1, P. Schläfli1,4, G. A. Douillet1, D. Mair1

1Institute of Geological Sciences, University of Bern
2Department of Earth Sciences, ETH Zürich
3Landesgeologie Swisstopo, Bern
4Institute of Plant Sciences, University of Bern

The geometry of glacial overdeepenings on the Swiss Plateau close to Bern was inferred through a combination of gravity 
data with a 3D modelling software, named Gravi3D (Bandou et al., in prep). To achieve these goals, we conducted a gravity 
survey across the Gürbe and Aare valleys near Bern which also included the Belpberg mountain ridge in-between these 
valleys. This strategy also allowed us to obtain the density of the bedrock independently which was required for the 
modelling. This survey yielded residual anomalies of -2.9 mGal and -4.1 mGal in the Gürbe and Aare valleys, respectively, 
where the occurrence of overdeepenings has been disclosed through drillings (Reber & Schlunegger, 2016). 
Modelling shows that these overdeepenings have depths between 160 m and 235 m and that the density of the 
overdeepening fill is 2’000 kg/m3.

This contrasts to the density of 2’500 kg/m3 of the Molasse bedrock which we determined using Nettleton’s method across 
the Belpberg (Nettleton, 1939). The models also show that the overdeepenings can be characterized by U-shaped cross-
sectional geometries composed of a wider top segment and a narrower shape towards the base. In addition, the lateral 
flanks are steep, with dip angles up to 80°. 

Stratigraphic and sedimentological data (Zwahlen et al.,2021), extracted from drillings, disclose that the overdeepenings 
were formed and then filled during at least two major glacial periods. These are the LGM during MIS 2, and possibly a 
glacial cycle around MIS 6 or before. 

The U-shape geometries, together with the over steepened flanks suggest that glacial erosion was the main process for the 
carving of the troughs. Interestingly, the combination of the geometries with stratigraphic data suggests that the MIS 6 (or 
older) glaciers deeply carved the bedrock, whereas the LGM ice sheet only widened the existing valleys but did not further 
deepen the trough. We explain these differences by the ice thicknesses where a thick MIS 6 glacier had a greater potential 
for eroding the bedrock compared to a thinner LGM glacier. Gravity data in combination with forward modelling discloses 
details of how a landscape evolved during the Quaternary.

REFERENCES
Bandou, D., Kissling, E., Schlunegger, F. 2021: Gravi3D – an openly accessible software for the modelling of the gravity 

effect of geological bodies. BORIS (in prep.).
Nettleton, L.L. 1939: Determination of density for the reduction of gravimeter observations. Geophyscics, 4, 176-183.
Reber, R. & Schlunegger, F. 2016: Unravelling the moisture sources of the Alpineglaciers using tunnel valleys as constraints. 

Terra Nova, 28, 202-211.
Zwahlen, P., Tinner, W. & Vescovi, E. 2021: Ein neues EEM-zeitliches Umweltarchiv am Spiezberg (Schweizer Alpen) im 

Kontext der mittel- und spätplesitozänen Landschaftsentwicklung. Mitt. Naturf. Ges. Bern, 78, 92-121. 
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13.3 
Using stable isotopes to fingerprint the origin of instream wood at the 
river basin scale
Javier del Hoyo1*, Torsten Vennemann1, Marceline Vauridel1, Virginia Ruiz-Villanueva1

1 Institute of Earth Surface Dynamics, University of Lausanne, Quartier Mouline, 1015 Lausanne. *Javier.delhoyo@unil.ch

Fluvial geomorphology has classically been based on the study of the interactions of two elements: water flow and 
sediments. In the last decades, other key constituents, such as the riparian vegetation and the instream large wood (LW), 
have been included to better understand geomorphological processes. LW refers to pieces of wood larger than one meter 
long and ten centimetres in diameter, which influence fluvial and sediment dynamics and have the capacity to alter the river 
geomorphology (Keller & Swanson, 1979). 

In addition to its geomorphological and ecological effects, large amounts of LW may also pose a risk during flood events. 
Flow alteration caused by the presence of woody material in rivers and transportation of this material during a flood event, 
may result in impacts on infrastructures (i.e., bridges) and population, making proper management of LW essential (De 
Cicco et al., 2018).

Knowing the origin and sources of wood is crucial to better understand wood dynamics at the catchment scale, to manage 
forest stands and thus to control the inputs of wood into the rivers. This project aims to develop a methodology to decipher 
the provenance of LW in large catchments (e.g., >1000 km2). This will be carried out by using tracers in wood and applying 
fingerprinting techniques, to identify LW sources from tributaries and along the river continuum, similarly to methods done 
within the field of sedimentology (e.g., Collins et al., 2017).

The first tracers tested so far were the stable isotope ratios of the wood cellulose that are known to be sourced from the 
water molecule Stable isotopes of hydrogen (D/H) and oxygen (18O/16O) have been used as hydrological tracers for 
decades, but never applied to study instream wood sources before. The isotopic composition is related to the fractionation 
during evaporation-precipitation processes and reflect local conditions and thus spatial variations (longitudinal, latitudinal 
and altitudinal) of the water´s origin. The water taken up by a tree contains this isotopic information about its provenance 
and the information is stored in the growth rings cellulose . Thus, we hypothesize that the isotopic composition of LW 
pieces whose source is unknown can be used to infer their origin (Figure 1).

Our study area is a reach of the Rhone River between Lake Geneva, close to the city of Geneva, and the Genissiat dam 
(France), 50 km downstream from the lake, where all incoming woody material is retained. This reach has two main 
tributaries, the Arve and the Valserine (coming from two different mountain systems, the Jura and the Alps), which are the 
main suppliers of wood. The objective of the study is to infer the origin of the LW that arrives to the dam by differentiating 
between these two tributaries and along the rivers.

Preliminary results showed significant differences in the isotopic composition (dD and d18O values) between the tree 
samples from the two tributaries. These differences are higher when the most recent tree rings are analysed.

Additional tracers, such as other isotopes or major elements reflecting the contrasting geology and land use within the river 
basin will also be tested, and multivariate analyses (e.g., mixed models) will be applied to better capture the variability, 
reduce uncertainties and better decipher the origing of LW.
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Figure 1. Conceptual diagram showing the method devoloped to infer the origin of instream large wood arriving at Genissiat dam, using 
hydrogen and oxygen stable isotope compositions of wood cellulose. dD reffers to the standarized ratio 2H/1H (deuterium/hydrogen) and 
d18O to the standarized ratio 18O/16O.

ACKNOWLEDGEMENTS
This work is supported by the SNSF Eccellenza project PCEFP2-186963 and the University of Lausanne.

REFERENCES
Collins, A. L., Pulley, S., Foster, I. D. L., Gellis, A., Porto, P. & Horowitz, A. J. (2017). Sediment source fingerprinting as an 

aid to catchment management: a review of the current state of knowledge and a methodological decision-tree for end-
users. Journal of Environmental Management 194:86–108. 
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De Cicco, P. N., Paris, E., Ruiz-Villanueva, V., Solari, L., & Stoffel, M. (2018). In-channel wood-related hazards at bridges: A 
review. River Research and Applications, 34(7), 617–628. 

Keller E. A. & Swanson F.J. (1979). Effects of large organic material on channel form and fluvial processes. Earth Surf. 
Process. Landforms 4: 361–380.
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13.4 
Water origin and quality of rock glacier springs. Case studies in the 
Swiss Alps.  
Chantal Del Siro1, Christophe Lambiel1, Cristian Scapozza2, Marie-Elodie Perga1  

1 Institut des dynamiques de la surface terrestre, Université de Lausanne, Quartier UNIL-Mouline, CH-1015 Lausanne  
 (chantal.delsiro@unil.ch)
2 Istituto scienze della Terra, Scuola universitaria professionale della Svizzera italiana (SUPSI),  
 Via Flora Ruchat-Roncati 15, CH-6850 Mendrisio 

While the knowledge on the dynamics and internal structure of rock glaciers is well developed, a lack of understanding of 
their hydrological functioning is observed in the scientific literature. In particular, the origin and the quality of the water that 
emerges from the rock glacier snouts are not well known, together with its contribution to aquatic systems. This study aims 
therefore to explore the contribution of ground ice melting in the water supply of rock glacier springs and its impact on the 
hydrochemistry of Alpine water systems. Isotope analyses were combined with physico-chemical analyses of six rock 
glacier outflows in the Swiss Alps, in order to investigate the origin and the quality of the water during the warm season. 
The chemical composition (SO4

2-, Ca2+, Mg2+, NO3
-) was found to be significantly different between rock glacier springs and 

streams not fed by rock glaciers. Water from the springs of active rock glaciers and ice-patches was characterised by an 
increase in electrical conductivity and in ionic (SO4

2-, Ca2+, Mg2+) and isotopic content during the warm season. This 
seasonal evolution of the physico-chemical and isotopical composition of the water could indicate the progressive ground 
ice melting. It is hypothesized that the cryosphere stored atmospheric pollutants and other chemical elements during a 
colder period in the recent past (1960-1980) and that the current melting of rock glacier ice allows the release of these 
chemical compounds into the Alpine water systems. 
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13.5 
Semi-automated geomorphological mapping: a first attempt in the Swiss 
Alpine environment 
Elisa Giaccone1, Fabio Oriani1, Marj Tonini1*, Christophe Lambiel1, Grégoire Mariéthoz1  

1 Institute of Earth Surface Dynamics, University of Lausanne, Lausanne, Switzerland (* marj.tonini@unil.ch)

Geomorphological maps are traditionally elaborated by manually digitalization, based on field observations, topographic 
data, orthoimagery or remote sensing imagery. This approach is time-consuming, particularly for large areas with limited 
accessibility, and thus motivates the recent development of different supervised and unsupervised numerical approaches 
for the automated mapping of key landforms. Among them, the recent implementation of advanced mapping techniques 
based on geostatistics and machine learning exhibit improved classification performance, also thank to the increasing 
availability of high-resolution terrestrial images. 

To demonstrate the potential of the latest-generation supervised classification techniques on geomorphological mapping, in 
the present study we compare two data-driven algorithms: Direct Sampling and Random Forest. The main objective is to 
perform a semi-automated geomorphological mapping (SAGM) in an alpine environment. The results have been assessed 
against an existing geomorphological map elaborated on the field and considered as the ground truth.

The study area corresponds to a rectangular domain of 70 km2 in the Arolla valley, located in the southwest Swiss Alps. 
The dataset is composed of 13 variables: the geomorphological classes (8 classes were finally retained), representing the 
target variable, and 12 predictor variables, including topographical (slope, sine aspect, cosin aspect, normal curvature, plan 
curvature, profile curvature, solar radiation, flow accumulation, roughness) and remote-sensing indicators (RGB bands).

Direct Sampling (DS) is part of the multiple-point geostatistics family of techniques. The algorithm generates a random 
variable on a simulation grid (SG), representing the study zone, by resampling the training image (TI) under pattern-
matching constraints and calculating the distance D(d→(X),d→(y))( i.e., the measure of dissimilarity) between two data 
events. Random Forest (RF) is an ensemble-learning algorithm based on decision trees and capable of learning from and 
making predictions on data, by modelling the hidden relationships between a set of input and output variables. RF was 
trained on the TI and results predicted on the SG. This selection of the training and the testing dataset (i.e., corresponding 
to the TI and SG respectively) allowed comparing RF and DS results in identical conditions. To this end, the predictions 
made on the SG and resulting from the two implemented models were compared with the original geomorphological map 
through a confusion matrix. This allowed evaluating the performance for each class and computing the overall accuracy 
and Kappa value. 

As a result, DS and RF show similar performances. The overall accuracy has only one point percentage of difference 
(~ 0.55), and about three for the Kappa value, with values in the range of what is considered as a moderate agreement 
(~ 0.45). Both methods are deemed appropriate for SAGM, albeit with different trade-offs in terms of spatial smoothness 
and computational performance. The map elaborated using RF presents a noisier spatial distribution of classes, but it gives 
more insights on the importance of the predictor variables and it is more efficient in terms of computation time compared to 
DS. Some geomorphological classes, such as the Lateglacial deposits, glaciers and rock outcrop areas, resulted in high 
detection scores, highlighting the suitability of the employed methods in alpine environment. However, other classes such 
as alluvial fans and alluvial plains were weakly detected, indicating that not all landforms can be appropriately classified 
with the proposed strategies and algorithm setup, especially for classes that are underrepresented in the TI.

The present study identified a potential to use data-driven algorithms for SAGM at a regional scale in alpine environment. 
Nevertheless, the methodology employed in the current analysis can be improved upon and future research can be 
devoted to the optimal choice of the input geomorphological dataset and predictor variables. 

REFERENCES  
Giaccone, E., Oriani, F., Tonini, M., Lambiel C., Mariéthoz G., 2021: Using data-driven algorithms for semi-automated 

geomorphological mapping, Stoch Environ Res Risk Assess. https://doi.org/10.1007/s00477-021-02062-5



10
Sy

m
p

o
si

u
m

 1
3:

  
G

eo
m

o
rp

h
o

lo
g

y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2021

13.6 
Mapping climate-change related processes affecting mountaineering 
itineraries. Application to the Valais Alps (Switzerland)
Jacques Mourey1, Ludovic Ravanel1,2, Christophe Lambiel1

1 Interdisciplinary Centre for Mountain Research, University of Lausanne, Ch. de l›Institut 18, CH-1967 Bramois, Switzerland 
2 EDYTEM, Savoie Mont-Blanc University, CNRS, 73000 Chambéry, France

Climate change leads to deep changes on high Alpine environments, especially because of glacier shrinking and permafrost 
degradation. Associated glaciological and geomorphological processes have significant consequences on recreational 
mountain activities. 

Although a growing number of studies has recently documented the effects of climate change on mountaineering itineraries 
(Ritter et al. 2011; Temme, 2015; Purdie and Kerr, 2018; Mourey et al. 2019), they only list the processes affecting them 
and do not document their characteristics or location. It is therefore impossible to produce maps of the processes affecting 
the itineraries even though this would be a very useful document, particularly to disseminate knowledge to mountaineers 
and to promote adaptive behaviours. In addition, they use different methodologies making the comparison and compilation 
of results difficult. Therefore, the main objective of the present study is to develop a specific legend to map the processes 
related to climate change that affect high mountain areas and modify climbing parameters. Such a legend should (i) ease 
data collection, (ii) make the data analysis simpler, (iii) favor the knowledge transfer to the mountaineer’s community, and 
(iv) participate in improving knowledge on processes related to climate change in high mountains. More generally, this 
legend would provide a common methodological basis, destined to be completed and to be relevant out of the European 
Alps. It would also enable the comparability and compilation of results from different research.

The method used to map the processes is divided in 4 stages: 
1) We first built a legend on the basis of the 25 processes previously identified in the Mont Blanc massif. 21 symbols were 
defined, following the UNIL geomorphic legend and using the same colour code.
2) Then, Alpine guides and refuge keepers were asked during a first set of semi-structured interviews to draw on the most 
recent topographic map available and with the help of the legend the long-term modifications of the itineraries (since the 
1980s) they were able to identify.
3) The changes mapped during the interviews were then mapped in QGIS, completed by a diachronic analysis of aerial 
images.
4) Finally, an evaluation of the map was carried out through a second set of 5 interviews.

In order to evaluate the applicability and interest of the legend, we present a first application in the Valais Alps (Switzerland), 
allowing to assess the modification of mountaineering itineraries for this Alpine region.
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Figure 1. The 4 stages of the mapping work of climate related processes affecting mountaineering itineraries.

REFERENCES
Mourey, J., Marcuzzi, M., Ravanel, L., Pallandre, F. 2019: Effects of climate change on high Alpine environments: evolution 

of mountaineering routes in the Mont Blanc massif (Western Alps) over half a century. Arctic, Antarctic and Alpine 
Research 51(1), 176-189.

Purdie, H. and Kerr, T. 2018: Aoraki Mont Cook : Environmental change on an iconic mountaineering route. Mountain 
Research and Development 38(4), 364-379.

Ritter, F., Fiebig, M., Muhar, A. 2011: Impacts of Global Warming on Mountaineering: A Classification of Phenomena Affecting 
the Alpine Trail Network. Mountain Research and Development 32, 4–15.

Temme, A.J.A.M. 2015: Using Climber’s Guidebooks to Assess Rock Fall Patterns Over Large Spatial and Decadal Temporal 
Scales: An Example from the Swiss Alps. Geografiska Annaler: Series A, Physical Geography 97(4), 793-807.
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13.7 
Rainfall heterogeneity accelerates hydro-morphological processes

Nadav Peleg1, Chris Skinner2, Jorge Alberto Ramirez3, Simone Fatichi4, Peter Molnar5

1 Institute of Earth Surface Dynamics, University of Lausanne, CH-1015 Lausanne (nadav.peleg@unil.ch)
2 Energy and Environment Institute, University of Hull, UK-HU6 7RX Hull
3 Geography Department, Université du Québec à Montréal, CA-H3C 3P8 Montréal
4 Department of Civil and Environmental Engineering, National University of Singapore, SG-117576 Singapore
5 Institute of Environmental Engineering, ETH Zurich, CH-8093 Zurich

Hydro-morphological response of a catchment is highly dependent on rainfall properties, including rainfall intensity, storm duration and 
frequency, and the timing of those events. Additionally, rainfall spatial variability is a major determinant of streamflow, erosion, and 
sediment transport and is explored largely in the context of heavy rainfall triggering floods and rapid morphological changes on hillslopes 
and in channels. To explore the potential effects of climate change on hydro-morphological responses, we first examined how the spatial 
structure of rainfall is changing as a result of changes in air temperature (Peleg et al., 2018). Then, we explored the sensitivity of the 
hydro-morphological response to an extreme rainfall event, focusing on the 2005 flood in the K. Emme (Peleg et al., 2020). Our last study 
examined how changes in rainfall patterns affect landscape evolution at the catchment scale over hundreds of years (Peleg et al., 2021). 
Multiple realizations of hourly rainfall fields, each with a different spatial distribution but identical in all other respects, were simulated using 
a weather generator. We assessed the impact of storm heterogeneity on catchment morphology using a landscape evolution model 
(CAESAR-Lisflood). We demonstrate the importance of including the rainfall spatial structure in geomorphological impact studies as it is 
often more important than simply knowing the magnitude of the extreme rainfall event. We also found that erosion and deposition rates 
increased and net erosion and deposition areas changed (increased and decreased, respectively) when the rain became less uniform in 
space. As a result of increased rainfall heterogeneity, new gullies were found to be longer, deeper, and more branched. Even when rainfall 
volumes and temporal structures are identical, the results suggest that heterogeneity in rainfall spatial patterns accelerates landscape 
development. It appears that the spatial structure of rainfall may play a greater role than previously thought in shaping catchment 
morphology.
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13.8 
Geotechnical investigations and slope stability analysis in Lake Lucerne

Anastasiia Shynkarenko1, Katrina Kremer1,2, Sylvia Stegmann3, Paolo Bergamo1, Agostiny Marrios Lontsi1, Alexander 
Roesner3, Steffen Hammerschmidt3, Achim Kopf3, Donat Fäh1

1 Swiss Seismological Service (SED), ETH Zürich, Sonneggstrasse 5, CH-8092 Zürich (a.shynkarenko@sed.ethz.ch)
2 Geological Institute & Oeschger Centre for Climate Change Research, University of Bern, Baltzerstr. 1+3, CH-3012 Bern
3 MARUM - Center for Marine Environmental Sciences, University of Bremen, Leobener Strasse 8, DE-28359 Bremen

Sublacustrine mass movements and associated lake tsunamis represent a natural hazard that needs to be assessed, 
especially in the context of the growing, vulnerable population at the lake shores and potential damage to infrastructure. For 
proper hazard assessment, a comprehensive geotechnical study of the sediment properties and the consecutive slope 
stability analysis are required.
Lake Lucerne in Central Switzerland has experienced tsunamis in the past. In 1601, a lake tsunami was induced by 
subaquatic slope failures and subaerial rockfall from Bürgenstock during the Mw 5.9 Unterwalden earthquake, and in 1687 - 
by a spontaneous failure of the Muota delta (Hilbe and Anselmetti, 2014). The tsunami waves locally reached heights of 
about 5 m. Lake Lucerne, therefore, can serve as a “field laboratory” for a comprehensive geotechnical characterization of 
the lake sediments and an assessment of the stability of submerged slopes. The presented geotechnical study is a part of 
the ongoing research that includes also seismological site characterization in Lake Lucerne (e.g. Shynkarenko et al., 2021; 
Lontsi et al., 2021).
To define the most failure-prone areas, we interpreted available reflection seismic data and analyzed the bathymetric map of the lake floor. 
Then, we performed 152 in-situ Cone Penetration Tests with pore pressure measurements (CPTu) and retrieved 49 sediment cores at the 
selected locations in the lake for analysis in the laboratory (Figure 1). These experiments provided us with the undrained shear strength 
profiles and main geotechnical index properties of the lake sediment (e.g. density, Atterberg limits, grain size distribution). The collected 
dataset allowed us to derive also the generalized models of the depth-dependent undrained shear strength of the sediment which can be 
transferred to other lakes with similar sediments. Finally, we carried out a static limit-equilibrium slope stability analysis at the locations 
tested with CPTu. Some of these locations are metastable to potentially unstable and require a more detailed investigation. The areas with 
a steeper slope angle and thicker, gas-bearing, unconsolidated sediment drape usually show lower static stability.

Figure 1. Measurement sites in Lake Lucerne, including seismic measurements with Ocean Bottom Seismometers (OBS), in-situ CPTu 
measurements and sediment sampling for geotechnical laboratory analysis. 
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13.9 
The surface conditions of dust emission from the sandy croplands in 
the Free State, South Africa
Heleen C. Vos1, Wolfgang Fister1, Nikolaus J. Kuhn1

1 Physical Geography and Environmental Change, Department of Environmental Sciences, University of Basel,  
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The emission, transport, and deposition of dust particles affect human health, climate, and the global dust flux, and can 
lead to the degradation of soil. The emission of dust can come from natural sources, but a significant amount of dust is 
created by human impact. One of such sources is the Free State province in South Africa, where the agricultural fields are 
the biggest emitters of dust in the country. This dust has the potential to reach the densely populated Gauteng province, 
where the negative impact on human health can be significant. The amount of dust events differs greatly per year, and the 
geomorphological surface characteristics that influence this variation are not well understood. Understanding the processes 
and influencing factors that lie behind this phenomenon is crucial for protecting the soil against degradation and preventing 
negative impacts on human health.

This study uses a combination of small-scale experimental measurements and field monitoring to determine the surface 
conditions that control the emission of dust. These measurements were performed on a range of agricultural fields. 
Measurements from the Portable In-Situ Wind Erosion Laboratory (PI-SWERL) showed a higher dust emission from loose, 
disturbed surfaces compared to crusted surfaces. Hereby it is notable that the emission from loose surfaces is controlled by 
the texture of the soil, and the emission from crusted surfaces by the presence of saltating sand grains. 

The percentage of vegetation and stubble cover and its influence on the erodibility of a surface was determined using UAV 
image analyses and combined with field monitoring data. The wind erosion was quantified using Big Spring Number Eight 
(BSNE) sediment samplers from which the horizontal sediment flux was calculated. These measurements showed a clear 
influence from vegetation, whereby the sediment flux was the highest on the highly disturbed, low vegetated peanut field 
and the lowest on the maize field, where a lot of stubble is left after harvest. The sediment flux on the fallow field was still 
significant, which indicates that abrasion is an active process on these fully crusted fields. This indicates that there is an 
interplay of geomorphological characteristics which needs to be considered when predicting or minimizing dust emission 
from these surfaces.
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P 13.1 
Role of the last deglaciation on the timing of collapsing of large rock 
slope failures in the Southern Swiss Alps  

Alessandro De Pedrini1,2, Daphné Giacomazzi1, Cristian Scapozza1,Christian Ambrosi1, Andrea Manconi2  
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The occurrence of large rock slope failures in the Southern Swiss Alps shows high temporal variability, governed by a 
combination of local factors such as the valley shape, slope morphology, glacial history (thickness of the ice on the slope 
during the last glaciation and age of slope exposure during the deglaciation), and the geological and structural framework of 
each site.

In Canton Ticino several inherited large rock slope failures (prehistorical, historical, recent) and still active rock slope 
instabilities can be observed. In the territory between the five valleys north of Bellinzona (Riviera, Valle Leventina and Valle 
di Blenio in Canton Ticino, Val Calanca and Valle Mesolcina in Canton Graubünden), several of these phenomena are 
present, with failure dates ranging from 13.50 ka cal BP (some millennia after the deglaciation of the lower Leventina Valley, 
which occurred around 19.85–17.64 ka cal BP, during the Bølling/Allerød interstadial of the Lateglacial), to today, referring 
to phenomena that have not yet collapsed (Figure 1). The rock slope failures and instabilities in this territory show a similar 
geological and morpho-structural context, while a more significant variability can be found regarding the glacial history (age 
of deglaciation). We provide here an insight of the glacial retreat in the Southern Swiss Alps (Scapozza, et al., 2014; 
Scapozza, 2016; Bernoulli, et al., 2018; Kamleitner, et al., 2020), flanked by the failure dating of each rockslide already 
known in literature, and the new dating performed in summer 2021 with Schmidt hammer exposure-age dating (SHD, e.g. 
Goudie, 2006; Scapozza, 2013; Scapozza, et al., 2014) on the deposit of the undated rockslides.

Our observations suggest independence between the timing of deglaciation and the occurrence of the large rock slope 
failures, opening questions on which combination of local factors can lead to the rockslide development, evolution, and 
collapsing in the Southern Swiss Alps.

Figure 1. Location of the study cases: 1. Preonzo rockslide, 2. Norantola rockslide, 3. Monte Crenone rock avalanche, 4. Ludiano rockslide, 
5. Chironico rock avalanche, 6. Simano instability, 7. Bodio-Cauco rockslide, 8. Fontana rockslide, 9. Peccia instability, 10. Sasso Rosso 
rockslide
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P 13.2 
Application of the Graph Theory to instream large wood supply and 
transfer to define the wood cascade in fluvial networks
Bryce Finch1, Virginia Ruiz-Villanueva1

1 Institute of Earth Surface Dynamics, University of Lausanne, Quartier Mouline, CH-1015 Lausanne (bryce.finch@unil.ch)

Large wood (LW) has become an increasingly studied constituent of fluvial systems as its ecological and physical benefits 
as well as its contributions to damages during flood events have been realized (Ruiz-Villanueva et al. 2016). Numerous 
approaches have been explored to identify contributing areas and conditions which permit wood transfer within fluvial 
networks and depositional areas (Mazzorana et al. 2009, Zischg et al. 2018). LW is known to be supplied through 
processes such as treefall (e.g., wind-thrown, snow loading), landslides, bank erosion, avalanches, and fluvial entrainment. 
These processes can occur concurrently or independently and vary spatially and temporally. For example, wood supply via 
avalanche recruitment becomes pertinent concurrently with snow loading during colder seasons of the year but is not 
relevant in absence of snow/ice. Analogous challenges exist in sediment dynamics, which have used the Graph Theory to 
materialize new insights regarding sediment supply (Heckmann & Schwanghart 2013). Therefore, we propose to explore 
wood supply and transfer through novel application of the Graph Theory.

A network of nodes representing wood sources are connected by edges representing pathways of wood exchange between 
nodes within the study of area of Vallon de Nant, Vaud, Switzerland. Nodes are classified according to the presence of 
wood and the likelihood to supply wood based on related geomorphic processes. As these conditions will change spatially, 
additional nodes are formed to seamlessly capture all sources of wood within a catchment. Directed edges connect nodes 
if there is an exchange or wood flux between nodes and are classified according to the type of exchange such as direct 
entry through treefall or entrainment during mass wasting events (see figure 1). 

To properly account for seasonal variation, we propose to include separate scenarios based on the presence and absence 
of snow. For all scenarios, connections between wood sources and the network are materialized to identify which sources 
of wood are connected to the main fluvial network and which of those remain on hillslopes or within a separate, 
disconnected feature. Thus permitting, identification of primary and secondary contributors of LW based on multiple 
scenarios while maintaining information such as the quantity and species class of wood supplied.

The study basin, Vallon de Nant, envelops an unconfined, braided network at the upper-most section of the valley and 
progressively transitions into a slightly sinuous single thread channel to a confined, high-gradient reach. Coniferous trees 
appear to the be predominant species at lower elevations and nearest the river while broadleaved trees comprise the 
majority of trees found in higher elevations and the upper-most section of the valley. The valley’s hillslopes have 
significantly different structure with the presence of cragged, jagged peaks producing large, conical depositional features 
and entrenched debris flow paths, on one side of the valley. Meanwhile, narrow, debris flow pathways are lightly scoured 
into bedrock along the opposite valley wall.

Currently, digital surface models (DSM) and digital terrain models (DTM) with 0.5m resolution have been used to produce 
the fluvial network and identify the heights of trees. Tree type and abundance have been realized with the addition of raster 
files available for all of Europe at 10m resolution. The Fluvial Corridor toolbox (Roux et al. 2013), has been used to 
delineate the extent of the riparian zone which serves as the main fluvial network. Simple algebraic equations have been 
used to determine the proximity of tree locations to the fluvial network which can then be related to the heights of the trees 
to determine whether a direct connection exists simulating treefall. Additional work needs to be done to develop the precise 
classification system for nodes and edges, to delineate the avalanches, landslides or debris flows, and areas prone to bank 
erosion during each defined scenario. The final work will accurately reflect wood availability, potential fluxes and levels of 
connectivity which may be useful for defining a local monitoring strategy.
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Figure 1. Conceptual model of the wood cascade.
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P 13.3 
The complexities assessing volcanic hazards along the Cameroon 
Volcanic Line using spatial distribution of monogenetic volcanoes 
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Volcanic eruptions represent hazards for local communities and infrastructure. Spatio-temporal patterns in the occurrence 
of these eruptions can provide valuable information on locations more likely to host future eruptions within monogenetic 
volcanic fields (MVFs). Monogenetic volcanoes (usually) erupt only once, and then volcanic activity moves to another 
location, making quantitative assessment of eruptive hazards challenging. 

While the eruption history of many stratovolcanoes along the Cameroon Line (CL) is comparatively well studied, only 
fragmentary data exists on the distribution and timing of monogenetic volcanism (scoria, spatter and tuff cones, maars). 
Here, we present for the first time a catalogue of monogenetic vents for the CL. These were identified by their characteristic 
morphologies using field knowledge, Digital Elevation Models and high-resolution satellite imagery. More than ~1100 scoria 
cones and 50 maars were registered and divided into eight MFVs based on assessment of clustering and geological 
information.

Robust point-process based spatial analyses show a large range of areal densities from >0.2 km-2 to 0.02 km-2 from the 
southwest towards the northeast. This finding is in general agreement with previous observations, indicating closely spaced 
edifices typical for fissure-fed eruptions on the flanks of Bioko and Mt. Cameroon. High vent densities in these areas might 
be associated with generally younger and hence more visible structures. Spatial patterns were smoothed via kernel density 
estimates (KDE) with a set of bandwidth estimators, the results from which may provide an uncertainty range for a first-
order hazard assessment of vent opening probability along the CL. Due to the scarce chronological data, and the complex 
structural controls across the region, it was not possible to estimate the number of vents formed during the same eruptive 
events, and similarly, the percentage of hidden (buried, eroded) vents could not be assessed with any acceptable statistical 
result. Finally, the impact of different approaches (convex hull, minimum area rectangle and ellipse, KDE isopaches) to 
define MVF boundaries on the spatial organization of vents was tested and the volume of scoria cones (approximated by 
their basal diameters) across the CVL contrasted to available data on their geochemical composition. This region presents 
a complex problem for volcanic hazard analysis that cannot be solved through basic statistical methods and thus, provides 
a potential testbed for novel, multi-disciplinary approaches.
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