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12.1
Assessment and documentation of a large-scale debris flow in Barsem,
Tadjikistan.
Sophie Bigler 1, Markus Zimmermann 1, Margreth Keiler 1
1

Institute of Geography, University of Bern, Hallerstrasse 12, 3012 Bern, CH

A large-scale debris flow event occurred in July 2015 in the high mountains of the Tajik Pamir, transporting about 4.2 million
m3 of material. The starting zone of the event is located in a periglacial area at 4100 m. asl. from where the material was
transported along and additional sediments eroded within the 7km long channel until they reached the fan at 2350 m. asl
within the village of Barsem. An in-depth field investigation, interviews with local villagers of Barsem, analysis of digital
elevation models (before and after) and an analysis of videos, photos from during the event and satellite imagery (before
and after) could reveal new findings concerning the triggering, the sediment budget and the sequence of the 30 to 40
individual surges.
The presentation will focus on following main aspects of the study:
● The analysis of aggregated weather data (TRMM, ERA-interim), observations from local villagers and recordings from
the local weather station 40km upstream from Barsem indicates extraordinary meteorological conditions: prior to the
event a long and cold spring was followed by a sudden start of a very hot summer. These conditions led to the
conclusion that a quick, intensive snow and ice melt increased the amount of water in the starting zone and
additionally, aggregated avalanche snow in the channel contributed to the run-off. In the nights before the event
thunderstorms were recorded by local witnesses. The TRMM data revealed an unusual amount of precipitation in midJuly.
● The sediment budget is based on twenty-eight cross-sections extracted from a digital elevation model with 0.5m
resolution and verified in the field. Furthermore, the situation before the event along the whole flow path was inferred
from various sources like a DTM (30 m Terra Aster), few photographs and satellite imagery and a morphological
interpretation of the terrain. The analysis showed, that 20% of the eroded sediment originates from the starting zone,
but mainly deposited in the upper area; and 60% were eroded in the channel as well as 15% of the transported
material was eroded from the old fan deposits in the lowest part of the channel.
The combination to the different detailed analysis in this study allowed a precise reconstruction of the event that lasted from
the 16th to the 23rd of July, with peak activities on the 16th and the night from the 17th to the 18th of July. The newly built fan
was no longer altered strongly after the 18th, even though several flows still occurred until the 23rd of July. Most probably, the
triggering of the event was caused by the collapse or liquefaction of the terminal moraine where melting permafrost must be
assumed. A glacial lake outburst flood (GLOF) as a trigger could be excluded by the detailed reconstruction of the event
with the high number of surges.
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Swiss Federal Institute for Forest, Snow and Landscape Research WSL
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Since the 1980’s, rainfall intensity-duration (ID) thresholds have been used to define a rainfall threshold for triggering debris
flows and other slope failures. ID thresholds can be obtained by applying linear regression to the rainfall duration and mean
intensity (or cumulated rainfall) of observed debris flow triggering events. While this procedure is objective, the simplification
of the triggering mechanism causes large inaccuracies when used for early warning systems, because rainfall events lying
above the threshold do not trigger a debris flow (Figure 1).

Figure 1. Intensity-duration threshold (blue) obtained by linear regression on the triggering events and shifted to maximize the performance
in separating debris flow triggering (red) and non-triggering (black) rainfall events. While the threshold perfroms well in debris flow
detection, many black dots are above the threshold, causing large inaccuracies in the prediction. Considering more rainfall properties, such
as peak rainfall intensity, leads to a better performance.

The Illgraben debris-flow observation station, operated starting in the year since 2000, has successfully recorded 75 debris
flows and debris floods. Rainfall data are available from 2001 from three tipping-bucket rain gauges installed within the
catchment at different locations. Thus, the data record enables a thorough analysis of the interaction of rainfall and debris
flow initiation.
We apply Receiver Operating Characteristics[1] (ROC) surface to analyze the predictive power of a range of rainfall
properties in debris flow forecasting. In a subsequent step, we explore the predicitve potential of statistical learning
methods such as Random Forests[2] (RF). The RF method is often used for classification tasks, as it is known for its ability
to deal with interacting and correlating predictor variables. Consequently, RF is attractive for the classification into debris
flow triggering and non-triggering events based on rainfall properties such as duration, mean intensity, peak intensity and
cumulated rainfall. Results indicate that RF is able to increase debris flow detection while lowering false detection rate.
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The results support characterization of debris flow triggering with rainfall. However, they do not address other factors such
as antecedent wetness of the catchment prior to rainfall or the availability of sediment for debris flow initiation. These
factors will be included in a next step in a modelling framework based on the SedCas (Sediment Cascade) model[3] to
improve the prediction of debris flow activity.

REFERENCES

Fawcett, T. (2006). An introduction to ROC analysis. Pattern recognition letters, 27(8), 861-874.
Breiman, L. (2001). Random forests. Machine learning, 45(1), 5-32.
[3]
Bennett, G. L., Molnar, P., McArdell, B. W., & Burlando, P. (2014). A probabilistic sediment cascade model of sediment
transfer in the Illgraben. Water Resources Research, 50(2), 1225-1244.
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[2]
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The erosion of mountain ranges plays an important role in the carbon cycle and may influence the global climate on
geological timescales. Here, we investigate the controls on the magnitude of the main carbon sinks, namely silicate
weathering and subsequent carbonate precipitation as well as the export and burial of organic carbon, in the Central
Himalaya. In this contribution we focus on quantifying the impact of the April 2015 Gorkha earthquake (Mw 7.8) on the
export of organic carbon and the chemical weathering rates providing a carbon budget of such a rare, high magnitude,
event.
We acquired river suspended sediment and water samples during 3 monsoon seasons (2015-2017) from the Narayani
River, a large tributary of the Ganges. The Gorkha earthquake triggered a large number of landslides in the steep valleys of
the High Himalaya (Roback et al., 2017). The Narayani is one of the major outlets of the Central Himalaya and its eastern
part was heavily affected by the Gorkha earthquake providing a broader scale test of the impact of the earthquake on
biogeochemical cycles. Daily samples provide high-resolution time-series and a set of samples from the monsoon 2010
gives a pre-earthquake reference point. Combining suspended sediment load data with total organic carbon (TOC) as well
as its stable and radiocarbon isotopic compositions, we try to reconstruct the sources of organic carbon in suspended
sediments. Analyses of river water chemistry allow us to estimate the chemical weathering-related carbon budget of the
catchment before and after the earthquake.
Our preliminary results confirm that carbon drawdown from the burial of organic carbon of the Central Himalaya is about 3
times more important than the silicate weathering carbon sink (France-Lanord & Derry, 1997). We show that the co-seismic
landslides of the Gorkha earthquake did not significantly influence sediment loads, carbon export and chemical weathering
fluxes at the scale of the studied large catchment. However, the magnitudes of organic carbon export and of silicate
weathering fluxes are strongly controlled by river discharge. We therefore suggest that the long-term carbon budget of such
a Himalayan catchment is mainly controlled by the monsoon intensity and the hydrological budget during inter-seismic
periods and not by rare but intense co-seismic events as has been suggested in other systems.

REFERENCES

France-Landord, C. & Derry, L. 1997: Organic carbon burial forcing of the carbon cycle from Himalayan erosion, Nature, 390,
65-67.
Roback, L. et al., 2017: The size, distribution, and mobility of landslides caused by the 2015 Mw 7.8 Gorkha earthquake,
Nepal, Geomorphology, 301, 121-138.
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12.4
Cycles of Discussion, Circulation of Images
Karolina Sobecka 1, Jamie Allen 2
Institute for Aesthetic Practice and Theory, Basel Academy of Art and Design FHNW, Freilager-Platz 1, Basel
(Karolina.Sobecka@fhnw.ch)
2
Institute of Experimental Design and Media Cultures / Critical Media Lab, Basel Academy of Art and Design, FHNW,
Freilager-Platz 1, Basel (Jamie.Allen@fhnw.ch)
1

Karolina Sobecka (karolinasobecka.com) and Jamie Allen (jamieallen.com) are collaborating researchers, part of a research
group interested in environmental humanities, art, design and science at the Hochschule für Gestaltung und Kunst FHNW
in Basel, and associated with the media arts production facilities at the Critical Media Lab Basel. We are artist-researchers
who often manifest our work as artworks, events and through mediums other than text-based publications, while writing and
publications focus on the relationships between aesthetics, knowledge and environment (Allen 2017). Methodologically this
work and research often encounters interdisciplinary collectives as a means of evoking, reflecting and understanding
communities of practice (Allen et. al 2011) and attempts to devise alternative representations of these. Our current project
and focus is on exploring the ways that climate science and planetary magnitude technologies are represented, deliberated
and thought about in science, engineering on through policy, governance, technology and popular media.
The use of different languages, linguistic metaphors and canonical examples in discussions relating to our common
environment of planet earth greatly influence the ways in which we imagine solutions, design decisions, create policy and
enact governance. Geoengineers use hopeful, domestic and clarifying phrasings like “resetting the global thermostat”, to
describe the necessity and effectiveness of, for example, aerosol injection into Earth’s atmosphere. The term “greenhouse
effect”, for example, coined in 1907, forms part of a rhetorical trajectory begun by geologist Thomas Sterry Hunt in 1867
when he wrote of climatological conditions “producing an effect precisely as if we had covered the whole earth with an
immense dome of glass, had transformed it into a great Orchid-house” (Hunt 1867). What would be different about our
technological and geoengineering landscape were modelled on a somewhat or completely different “as if”?
Research into the ways that discourse can change behaviour is a central part of behavioural research around dilemma of
the commons, and how the mobilisation of nomenclature and information is best transferred to embodied or actionable
knowledge (Nerlich 2010). Just as with language, but further to and along with it, choice made regarding the formats and
contexts of events and discussions, the visualisation of data, the distribution of images and iconography and the rendering
of time based media (audio and video), impacts the ways in which we treat ecosystems and imagine their modulation and
adjustment. How we imagine the future is predicated on the means and mediums we use to plan for and project into this
future (Fløttum, et. al 2014).
For the 16th Swiss Geoscience Meeting in Bern, we propose a brief textual and image based interview and study for three
of the workshops that are taking place at the event in Bern on November 30th and December 1st, 2018. We would like to
discuss with groups prior to the sessions, via a quick questionaire and gathering of materials, the ways in which they
imagine the work they are doing and the presentations they will make in Bern. From these resources, collected over the
weeks following the abstract submission deadline of August 31st, 2018 and prior to the event itself, we would develop short
reflections for the participating groups, to be presented as part of workshops. These would take the form of a renarativisation of the thematics, common examples, linguistic tropes, visual concurrences and aesthetics and information
design styles emergent in the discussions and materials presented in Bern. (We have made contact with the
“Geomorphology for a habitable planet at the Swiss Geoscience Meeting” and the “Sustainable social-ecological systems:
from local to global challenges at the Swiss Geoscience Meeting” who have expressed interest in the research)
We would hope that such perspective, as arts and design researchers exploring the way that climate engineering is
deliberated and communicated, would be of use to the community of researchers participating in Bern and these materials
would for us form the basis for further research outputs to be shared with the groups in attendance.
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Figure 1. Recent fieldwork in China, visiting the coal fired power plant carbon capture facilities and discussing with plant engineers.
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12.5
Sentinel-1 Persistent Scatterer Interferometry – Continuity for precise
slope displacement observations over Switzerland
Tazio Strozzi 1, Urs Wegmüller 1, Rafael Caduff 1 & Hugo Raezo 2
1
2

Gamma Remote Sensing, Worbstrasse 225, CH-3073 Gümligen (strozzi@gamma-rs.ch)
Federal Office for the Environment, Hazard Prevention Division, CH-3003 Bern

The European Space Agency (ESA) has been providing repeated SAR data since the beginning of the 1990’s with the
ERS-1, ERS-2 and ENVISAT missions launched in 1991, 1995 and 2002, respectively. During these last decades,
Persistent Scatterer Interferometry (PSI) has demonstrated to be a powerful tool to measure and monitor surface
deformations using large stacks of SAR images (Strozzi et al., 2013, Wegmüller et al., 2013). The Sentinel-1 constellation –
ESA follow-on SAR mission specifically designed for SAR interferometric applications and displacement monitoring – is
operational since 2014 and has an expected lifetime of 20 years. With both Sentinel‐1A and Sentinel-1B satellites, SAR
images from the same orbit are acquired every 6 days over Europe and distributed following a free and open data policy.
Various nation-wide maps of land deformation were recently released, e.g. in Germany (Haghighi and Motagh, 2017) and
the United Kingdom (www.geomaticventures.com/uk-map). Over Switzerland, hazards due to slope instabilities affect about
6% of the territory and there is therefore a high interest on systematic Sentinel-1 PSI deformation maps and time series of
surface motion.
Considering the south-east facing slope of Val Lumnezia as an example of one of the most active and large landslides in
inhabited areas in Switzerland (Raetzo et al., 2007), we will discuss peculiarities of Sentinel-1 PSI processing over the Alps,
where snow-cover and atmospheric stratification cause special challenges. In particular, during winter months
interferograms computed with long time intervals are decorrelated and processing has to be limited to summer acquisitions
only. In spite of the large number of Sentinel-1 acquisitions available, this has the consequence that an overall observation
period of several years is required for a robust processing and only scatterers moving with velocities smaller than a few cm/
year can be typically captured. Maps of the average displacement rates and time-series of motion from Sentinel-1 data for
the time period 2015-2018 will be discussed in comparison to results from Radarsat-2 data, regularly acquired from 2011 to
2017 over the Swiss Alps and providing a robust PSI solution for recent years, and past maps obtained from the ERS and
ENVISAT SAR sensors (Figure 1). The observed deformation rates reach values of up to several cm/year with a relatively
high density of PSI-points inside the villages and for the alpine zone. Differential SAR interferograms (InSAR) will be also
presented to highlight the complementarity with PSI for the study of the faster moving parts of the landslide. We conclude
that for the study of very slow moving Alpine slopes, Sentinel-1 PSI provides an efficient opportunity for repeated monitoring
over intervals of a few years.

REFERENCES

Haghighi, M., & Motagh, M. 2017: Sentinel-1 InSAR over Germany: Large-Scale Interferometry, Atmospheric Effects, and
Ground Deformation Mapping, zfv 4/2017, digitally available under www.geodaesie.info.
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SAR data, Proceedings of the 2007 ESA ENVISAT Symposium.
Strozzi, T., Ambrosi, C., & Raetzo, H. 2013: Interpretation of Aerial Photographs and Satellite SAR Interferometry for the
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Figure 1. Average displacement rates of persistent scatterers in the satellite LOS direction from (a) ERS SAR data of the time period 19922000, (b) ENVISAT ASAR data for the time period 2003-2010, (c) Radarsat-2 data for the time period 2011-2017 and (d) Sentinel-1 data
for the time period 2015-2018.
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12.6
Assessing the boundary conditions of dust emission from croplands in
the Free State, South Africa
Heleen C. Vos 1, Wolfgang Fister 1 & Nikolaus J. Kuhn
1

Physical Geography and Environmental Change, University of Basel, Klingelbergstrasse 27, CH-4056 Basel
(heleen.vos@unibas.ch)

The Free State Province is one of the regions in South Africa with the highest dust emissions. In contrast to most dust
sources in South Africa, which have a solely natural origin, the dust producing areas in the Free State are largely located in
intensively cultivated croplands. The dust emissions from the dominating Arenosols and Luvisols are likely to have a severe
impact on human health, global climate, and biogeochemical cycles. Beside the regional or even global off-site effects of
these dust emissions, there is also the direct soil degradation by the wind erosion at a local scale. The removal of fine,
nutrient- and organic-rich particles leads to a reduction of soil fertility and crop production. The dust emissions from these
croplands are driven by soil and weather conditions, as well as crop management and local tillage practices. This project,
which is funded for four years by the Swiss National Fund and the National Research Foundation of South Africa, aims to
address these different drivers. The first work package focuses on locating the points of origin of the dust and the factors
that might lead to exposed and bare croplands, such as droughts or agricultural management practice. The second part of
this study focusses on measuring and reproducing soil characteristics and the physical boundary conditions for dust
emission on these exposed croplands. The third part of this study will address the human health issues associated with
these dust plumes in cities nearby, with a focus on the microbiome that is captured with the dust.
The work package of the University of Basel involves experimental measurements with a wind tunnel, a rainfall simulator
and a Portable In-Situ Wind ERosion Lab (PI-SWERL). These methods are used to assess dust emission rates from
surfaces in this region. The main focus hereby is laid on crust formation and deterioration, since these sandy soils are
prone to crusting due to relatively high clay contents. The combination of field and laboratory measurements will generate a
better understanding of the processes and site specific conditions that cause the high dust emissions in this agricultural
region of South Africa
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Based on planimetric patterns, more than 200 sites of sinuous ridges have been identified on Mars from spacecraft
imagery, including MOC (0.5/12 m/pixel), THEMIS IR (100m/pixel), VIS (18-36 m/pixel), CTX (~6 m/pixel), and HiRISE
(~0.3 m/pixel), and the list continues to grow (e.g., Williams, 2007; William et al., 2007; Williams et al., 2011; Davis et al.,
2016). These sites are interpreted to be remnants of ancient fluvial activity, but the nature of the fluid, its source and the
mechanism of flow at play are a matter of debate (e.g., Williams, 2007; Williams et al., 2007, 2009; Zimbelman and Griffin,
2010). Distinguishing “pathways” for future exploration of planet Mars is the one of the most important challenges for future
studies of Mars geology using orbiter data because the amount of landing sites and distances that rovers can explore are
limited on the Martian surface. Orbiter instruments have long provided crucial perspectives on the entire planet. However,
possible exploration pathways cannot yet be determined only through remotely-sensed data. Terrestrial analogues are
highly important as models of the geological processes that may have occurred on Mars. For example, how can we use
current observations of inverted channels on Mars to generate hypotheses about 1) ancient fluid flow conditions on this
planet, 2) sedimentary facies models for inverted channel networks, 3) sources, sinks and directions of flows and particulate
sediment transport, 4) conditions of burial, lithification and exhumation versus induration of the fluvial sediments on the
surface. All these questions could find preliminary answers through comparison with terrestrial analogues.
Inverted fluvial networks in the Egyptian Sahara offer a natural laboratory for inverted topographic features that involved
some degree of sediment lithification (the channels were buried, lithified in the subsurface, and then exhumed) in the
Dakhla Depression and of sole sediment induration (i.e. the channel fills were never deeply buried, and thus also not
subsequently exhumed) in the southern part of Egypt. Therefore, in this study, we collected 33 samples from these two
sites for petrographic analyses (thin-section), cathodoluminescence to examine their cement materials, and Electron
Microbeam microscopy to look at the shape of sand grains in order to decipher the relative importance of aeolian and fluvial
processes on sediment transport. Finally, drawing on geometrical similarity, we intend to use current grain size estimates of
channel fills in the Antoniadi Crater inverted valley networds in order to provide first-order estimates of palaeohydrology at
this location.
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In alpine systems, landform movements, earth surface processes and microclimate can have impacts on the microhabitat
conditions and modify species richness, composition and distribution patterns of plant communities (Le Roux & Luoto
2014). Considering the high vulnerability of the alpine environments, it becomes very important to analyze and understand
the impact and the influence of landforms processes on plant species.
For this purpose, a multi-methodological approach was applied in three focus sites in the Western Swiss Alps (Les Outans,
Col des Perris Blancs and Les Martinets; elevation between 2000 and 2500 m; Fig. 1). The sites are characterized by a
high geomorphological variability: multi-age moraine deposits, rock glaciers, talus slopes and stabilized area allow the
presence of different plant communities (from pioneer species to grassland species).
In these sites, 73 plots were studied. For each plot, vegetation survey was carried out and species cover, species richness
and evenness were calculated. Furthermore, ground surface temperature, topographic variables, earth surface processes
(ESPs – solifluction, rill erosion, nivation and frost weathering) and landform morphodynamics index were assessed. Mean,
maximum and minimum temperatures, freezing degree days (FDD), growing degree days (GDD) and growing season
length (GSL) were calculated from the temperature data, obtained from miniature temperature loggers iButton® DS1922L.
The relation between plant communities and environmental variables were analyzed with multivariate linear models, nonmetric multi-dimensional scaling (NMDS - Oksanen et al., 2007) and multivariate regression techniques (generalized linear
model, GLM, and generalized additive model, GAM - e.g. le Roux and Luoto, 2014).
Based on results, species cover and species richness were significantly and positively correlated (Spearman’s rank
correlation ρ = 0.82; p-value < 0.001). ESPs had a significant and positive infuence on species cover and species richness
(respectively ρ= -0.45; p < 0.001; ρ = -0.37; p < 0.001), negative on evenness (ρ = 0.35; p < 0.01).
NMDS analysis indicated that GSL, morphodynamics index and GDD were the most explanatory variables of plant community composition
(ordination stress = 22%). GSL had the highest values of linear fit (R2 = 50%, p-value < 0.001), followed by morphodynamics index (R2 =
49%, p-value < 0.001) and GDD (R2 = 43%, p-value < 0.001).
Additionally, the regression models for species cover and species richness were significantly improved by the addition of the
morphodynamics index. Indeed, in both GLMs and GAMs, the explained deviance of species cover and species richness was augmented.
This showed that, to explain alpine plant community distribution, the landform morphodynamics is a key factor.
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Figure 1. Locations of the three selected sites.
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With large alluvial planes, narrow gorges, prominent knickpoints, and chains of terraces or cut-off ridges, the deeply-incised
valleys below 3000 m a.s.l. in Bhutan record distinct changes in rates of spatial and temporal fluvial incision. In regions with
little geological knowledge, excess topography has been shown to be a good predictor for landslide distribution (Blöthe et
al., 2015). The authors suggest this indicates a structural control, specifically that topogaphy which exceeds a specific
threshold angle will attain static equilibrium via gravitational slope movements. Since 2016 the engineering geology group
at ETHZ has been working on cataloguing active and dormant slope instabilities in NW Bhutan using a combination of
satellite-based remote sensing, 5m-resolution digital elevation models, and field observations. Here, we compare the
predictive capacity of the excessive topography approach to a method in which we relate relative stream energy through
the normalized channel steepness index (ksn) to landslide occurrence. Initial observations indicate that regions of excess
topography generally coincide with those of increased channel steepness, hinting at a causal relationship. While further
work is required, an assessment of enhanced erosional power using hillsope extrapolated ksn values may provide an
additional means of characterizing the spatial distribution of landslides in such environments. This supports the notion that
slope instabilities are the result of a combination of structural bedrock control and surface erosional activity.
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Pyroclastic currents are catastrophic flows of gas and particles triggered by explosive volcanic eruptions and belong to
particulate density currents. They occasionally deposit dune bedforms with peculiar lamination patterns, from what is
thought to represent the dilute, low concentration, and fluid-turbulence supported end member of the pyroclastic currents.
Here, we present a high resolution dataset of sediment plates (lacquer peels) with several closely spaced lateral profiles
representing sections through single pyroclastic bedforms from the August 2006 eruption of Tungurahua, Ecuador (Douillet
et al. 2018a).
Most of the sedimentary features contain backset bedding and preferential stoss-face deposition. From the ripple scale (few
cm) to the largest dune bedform scale (several m length), similar patterns of erosive-based backset beds are evidenced.
Recurrent trains of sub-vertical truncations on the stoss side of bedforms reshape and steepen the bedforms. In contrast,
sporadic coarse-grained lenses and lensoidal lenses flatten structures by filling troughs. The coarsest (clasts up to 10 cm),
least sorted and massive bedforms still exhibit lineation patterns that follow the general backset architecture.
Drastic variations in stratal architecture are evidenced between flow-parallel profiles separated by a few tens of centimeters,
and further emphasize the local nature of truncations, both in flow-parallel and perpendicular directions.
We infer that the bedforms’ sedimentary patterns result from four formation mechanisms: “differential draping”, “slopeinfluenced saltation”, “truncative bursts”, and “granular-based events”. Whereas most of the literature makes a
straightforward link between backset bedding and Froude-supercritical regime bedforms, we interpret stoss-depositional
laminae as the products of slow and subcritical currents (Douillet et al. 2013). Further, we show that features generally
taken as diagnostic of dunes, antidunes, and chute-and-pools can be found on the same horizon and in a single bedform,
only laterally separated by short distances (10s of cm), and do not directly inform for a Froude-regime interpretation of a
pyroclastic current (Douillet et al. 2018b).
Rather, our data stress the influence of the pulsating and highly turbulent nature of the currents that interact with preexisting morphology in a very high sedimentation environment of weak and waning currents. The role of coherent flow
structures such as Görtler vortices may also be significant in shaping pyroclastic bedforms and influencing the dynamics of
pyroclastic currents.
Quantification of near-bed flow velocities are made via comparison with wind tunnel experiments (Douillet et al. 2014). We
estimate that shear velocities of ca. 0.30 m.s-1 (equivalent to pure wind velocity of 6 to 8 m.s-1 at 10 cm above the bed)
could emplace the constructive bedsets, whereas the truncative phases would result from bursts with impacting wind
velocties of at least 30-40 m.s-1.
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Constraining paleo-ice extents and post glacier erosion in the Western
Alps since the Last Glacial Maximum.
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With the current climate regime, our ability to assess past conditions is crucial for predictions of future climate scenarios
and landscape evolution. The aim of this study is to contribute towards a more detailed understanding of the glacial history
and post-glacial erosion across the Central and Western Alps, which encompasses some of the highest topography in
Europe. Since glaciers in mountaineous areas are particularly sensitive to climate change, precisely constraining these
processes in this region would provide invaluable information on the local, and potentially global, climate at the time. Here
we reconstruct the glacial history of the Gorner glacier in Zermatt, Switzerland, since the Last Glacial Maximum (LGM). The
method used in this study combines the applications of both cosmogenic 10Be and optically stimulated luminescence (OSL)
to surface bedrock exposure dating (e.g. Gosse and Phillips, 2001; Lehmann et al., 2018). Cosmogenic 10Be builds up in
quartz through time as a result of cosmic ray penetration within approximately the first 3 m of the rock surface (Lal, 1991).
On the other hand, OSL surface exposure dating is based on the measurement of a light sensitive signal that produces a
distinctive profile with rock depth (Sohbati et al., 2011). This is due to the the propagation of a bleaching front usually found
within the first 1-5 mm. Preliminary Holocene and Lateglacial exposure ages and post glacial erosion rates, from samples
collected down a vertical transect in the study area, will be presented.
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river system in Switzerland and the UK
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A monitoring investigation undertaken along the River Ibach, northwest Switzerland over the winter 2012/2013, found that
riparian areas recently supporting the invasive plant Himalayan Balsam (HB) recorded significantly higher erosion rates
than nearby uninvaded areas. This communication sythesises the latest findings about the influence of HB on
sedimentation processes, again, from the Ibach, but also from a second river system in southwest UK. Erosion pins, a
micro-profile bridge and a digital caliper were used to measure changes in soil surface profile (SSP) at selected riparian
areas supporting HB plants along both rivers. Values were statistically compared against equivalent data recorded from
nearby reference areas supporting mixed perennial vegetation. A comparison of source and sediment geochemistry was
also undertaken on soil from HB-invaded and uninvaded floodplain areas along the Ibach, to assess the potential for
identifying the extent to which either group acts as a sediment source. Erosion pin data indicate that soil loss from HBcolonised areas was significantly greater than soil loss from reference areas in two out of the four periods at the River
Ibach site, and in two out of three measurement periods at the River Taw site. Colonisation of new HB sites may initially
occur by hydrochorous processes, but HB plants may increase colonisation potential by trapping additional fine sediment
and organic matter, including viable HB seeds. Geochemical results from the Ibach suggest that high inputs of suspended
sediment originate from sources close to the river channel, but HB-invaded floodplain sources have geochemical properties
that are most similar to suspended river sediment. The findings from both rivers led us to rethink our original hypothesis;
that HB promotes soil erosion, to an amended hypothesis in which HB may be associated with areas where high erosion is
sometimes recorded. Whilst initial colonisation may be due to hydrochorous processes, as HB becomes increasingly
established, the displacement of perennial vegetation increases the risk of erosion during the winter period when live HB
plants are absent. Preliminary geochemical findings of floodplain soils supporting different vegetation types along the Ibach
tentatively suggest that at least some material originating from HB sites may enter the watercourse.
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A field-based study was undertaken in a small (< 10 km2) catchment located in the mountainous Jura region of northwest
Switzerland, to quantify sediment generation and annual sediment transport rates by tree throw on forested hillslopes. The
locations and dimensions of 215 individual tree throws were mapped in 12 separate areas, with a cumulative area
equivalent to 5.3 ha, resulting in an average density of 43 tree throws per ha. All tree throws generated 20.1 m3 of fine
sediment (< 2 mm dia.), or the equivalent of 3.8 * 10-4 m3 m-2 within surveyed area. Tree throws were originally attributed to
two extreme weather events, known as Storms Lothar and Martin, which swept through west and central Europe in late
December 1999. Taking the 18-year period since the occurrence of both storms, this represents an annual sediment
transport rate of 2.7 x 10-5 m3 m-1 yr-1, or the equivalent of 2.8 x 10-2 kg m-1 yr-1. This estimate is comparable with sediment
transport rates reported in forested areas elsewhere. Exploring the relationship with wind on tree throw fall orientation, it
was found that 65.5% of all tree throws (143) generally fell in a downslope direction irrespective of hillslope aspect on which
they were located. This suggests that Storms Lothar and Martin were not responsible for tree throw, as originally perceived,
but instead, implies a failure of the roots to maintain secure anchorage. Given the high density of tree throws and their
relative maturity in this particular catchment (av. age 41 years), we hypothesise that once mature trees attain a certain
height and mass, their ability to remain stable and upright is compromised, probably by the limited depth of root penetration.
This we attribute to the commensurately thin soil profile overlaying often steep hillslopes, and to the presence of bedrock
close to the surface; all of which serves to reduce their stability and vulnerable to sudden upheave.
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Badlands are areas of intensive erosion, characterized by a strongly dissected and gullied landscape with sparse or absent
vegetation unusable for agriculture. Badland erosion is a major sediment source for river systems in drylands. High erosion
rates thus not only account for a loss of soil productivity, but ultimately can also lead to reservoir siltation. In South Africa,
land degradation is a significant environmental problem throughout the whole country. Erosion frequently leads to the
formation of badland features on overgrazed rangelands such as the Karoo highveld. However, it remains unclear how
much sediment the heavily eroded sites characterized by badland features contribute to watercourses and reservoirs.
Identifying the relevance of the badlands as a sediment source in the Karoo is therefore critical for measures aimed at
reducing reservoir siltation and ensuring the country’s water supply. Measuring and mapping sediment movement in
badlands has so far been challenging because of the varied topography that is not captured by conventional mapping
procedures. Unmanned Aerial Vehicles (UAVs) offer an alternative that potentially provides information on the required
spatial scale. The aim of this study was to investigate the use of UAVs for generating high-resolution DTMs of badland
features and sediment deposits in the Karoo rangelands of South Adfrica. Combining groundtruthing with UAV imagery, we
obtained a high-resolution orthomosaic and DTM that enabled us to identify, map and quantify the volume of badland
erosion features as well as the key depositional areas downstream. A comparison of eroded and deposited volume showed
that while badlands represent a significant source of sediment, areas affected by other forms of erosion were the dominant
source. Images acquired by UAVs thus improved our understanding of catchment sediment dynamics, in particular the
relevance of badland erosion as source.
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1

Since the days when the father of plate tectonics, Alfred Wegener carried out his West Greenland expedition and
established his station “Eismitte” on the inland-ice in the early 1930s, the effects of climate change has caused the melting
of sea-ice and the retreat of glaciers. Glaciers that once extended to the sea are now melting and have retreated for
several hundred meters (Fig. 1). The same effects can also be seen along the Northwest Passage that has become ice-free
for the first time in recorded history. In contrast, the Northwest Passage was ice-bound during Sir John Franklin’s expedition
in 1848, which famously ended in the loss of the ships “Erebus” and “Terror” in the vicinity of King William Island located
west of Baffin Island in Nunavut, Canada (Fig. 2). In this contribution we show how the opening of the Northwest Passage
could represent an efficient Europe - Asia shipping trade route linking the Atlantic Ocean with the Pacific Ocean through the
Arctic Ocean.
There are known occurrences of gold, diamonds, copper, zinc, lead, nickel, rare earth minerals, molybdenum, titanium and
iron in North and West Greenland as well as the Canadian Arctic, and the opening of the Northwest Passage will signal
increased mineral exploration and exploitation for commodities in these areas. Examples of large past and active mineral
mines that are located in the Arctic include the Polaris zinc mine, the Nanisivik zinc-lead mine, the Mary River iron mine,
the Raglan nickel mine or the Ekati and Diavik diamond mines (Fig. 2). Recent research has also shown that mud and
glacial rock flour produced by the Greenland Ice Sheet (GRIS) is highly valued as a cropland additive due to its fertilizing
properties for improving arable land quality and the CO2 capture (Sarkar et al. 2018). Another direct consequence of the
melting of the GRIS is the substantial fresh water resources that will be released by the ice melting and that may be
captured before this water reaches the salty ocean waters – thus the GRIS melting may present drinking water resources.
The GRIS has been losing mass of about 262 Gt/year in recent years and this is explained by recent increase in
atmospheric and oceanic temperatures and it is estimated that the melting of the GRIS was larger in recent years, than
during any previous period since measurements were made over the last 150 years (van As et al. 2016).
Climate change and the related and expected future consequences to the GRIS and the Arctic ice represent a negative
change from a global perspective, yet there are likely to be beneficiaries such as shipping companies that could utilize a
sea ice-free Northwest Passage making such routes logistically feasible and profitable. This would open up further
exploration for mineral resources and other raw materials in the Arctic, with access via the Northwest Passage and other
Arctic sea routes bringing commodities to market and the prospect of wealth to these Arctic areas. But we ask, what are the
socioeconomic and environmental factors at play in this scenario and should this be viewed as a positive side-effect of ice
loss caused by the global warming?

Figure 1. Quamarvjuk Fjord, West Greenland: in 1930 (left picture, from J. Georgi), and in 2012 (right picture, from D. Schlatter).
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Figure 2. Northwest Passage route(s) shown in red, and location of the King William Island where Sir John Franklin’s expedition met a
tragic ending after becoming trapped in the ice. Shown on the map are also locations of mines. (Map from Wikipedia).
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Soils are the complex interface of the major geospheres at the earths surface and provide several services for nature and
society. Knowledge on the rate of soil formation is essential for various reasons, including sustainable land use and the
understanding of surface evolution.
Quantitative measurements and models of weathering, pedogenesis and surface evolution seldom take into account that
most soils in the temperate zone formed from Quaternary slope deposits with variable amounts of aeolian dust (Kleber &
Terhorst 2013). Ignoring the “Cover Bed” concept leads to overestimations of soil production rates and underestimation of
their real value for nature and society.
Researchers have tried to apply the “Cover Bed” concept to the tropics, assuming major phases of colluviation or dust
admixture to explain the formation of thick tropical soils. However, the role of soil engineers like termites or ants in
producing thick solum from local weathering products is underestimated in such approaches. The “Biomantle” concept
(Johnson et al. 2005) can be applied with confidence in regions with very active biota; still past changes in climate and
landscape dynamics need to be acknowledged.
In this contribution we provide evidence from literature and from own partly unpublished results that both, the “Cover Bed”
and the “Biomantle” concept are not exclusive and have their relevance in both, the temperate and the tropical zone.
Neither the effect of paleoecological changes and biological overprinting should be ignored. Spatial and temporal
differentation and interdisciplinary approaches are necessary. This task is of main interest for the Cluster “Erosion through
time” established at the Geographical Institute of the University of Bern.
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The Earth‘s surface is prone to nearly continuous erosion of sediments. Rockfalls, sediment transport in rivers, debris flows
and avalanches are processes, which shape the Alpine environment, often via catastrophic events. In order to assess the
hazard potential of the largest mass movements, in particular, it is important to reliably forecast runout and deposition,
which is often done with numerical models describing granular flows.
A standard modeling approach is the assumption of shallow flow, which allows simplification of the full momentum and
mass conservation equations. However, in order to accurately model rock, snow or ice avalanches, the effective friction of
the shallow granular mass has to be known. On one hand, effective friction can be viewed as a tuning parameter when
matching before/after event DEM‘s. On the other hand, effective friction is a critical unknown when using granular flow
models to predict the runout and deposition of future avalanches.
Given ongoing climate change, permafrost decay and other environmental changes, our planet may face changes in
disposition and composition of unstable granual material. Therefore, a physical understanding of effective friction in granular
flow material is imperative for predictive model runs. Here we focus on using seismic data for constraining effective friction
of granular flow models. We first review previous granular flow studies that incorporated information from seismograms and
then discuss the potential of this approach in special cases, such as ice-rock masses, pure ice avalanches and submarine
landslides. Compared to other model constraints such as release area and deposition geometry, seismic signals are often
available in near-real time and capture event dynamics rather than static information before and after the event. Seismic
data therefore play an important role in catastrophic mass movement studies.
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This study presents new data on the formation of large Holocene fans and terraces. The focus lies on the ~11.5 km2 Klados
River basin located on the southwestern coastline of Crete, Greece. This catchment is notable for the preservation of large,
triangular fan deposits that have accumulated at the river mouth indicating previous large-scale episodic sedimentation
events. The seaward facing cliffs of the fan are unique among other alluvial fans on Crete in terms of their large size, stepwise stratigraphy and sedimentology (Figure 1).
A study performed on the fan sequence places the fan formation into the Pleistocene and explains their development with
climate changes, tectonic activity and resulting sea level changes (Mouslopoulou et al., 2017)eustasy and tectonics interact
to shape the late Quaternary landscape is poorly known. Alluvial fans often provide useful indexes that allow the decoding
of information recorded on complex coastal landscapes, such as those of the eastern Mediterranean. In this paper we
analyse and date (using infrared stimulated luminescence (IRSL. This interpretation is not satisfying because of suspect
geochronology, the lack of explanation for the disproportionate amount of sediment compared to the small size of the
catchment, and the missing statement regarding the differences between these fans and other fans on Crete. An alternative
explanation for the formation of this unique fan sequence is that it is substantially younger and related to rare catastrophic
events that are known to affect the island such as the 365 AD earthquake. In this thesis, radiocarbon dating, mapping,
sedimentology, stratigraphy and a landslide runout model are applied to solve the question of the provenance and formation
mechanisms of the Domata fans.
The results indicate a Holocene landslide filled the palaeo-topography of the Klados Gorge, and supplied the clastic
material for subsequent debris flows during high-intensity precipitation events. The frequency of these events controlled the
close succession of the fans with each major terrace corresponding to at least one peak event. The river is still highly
susceptible to external perturbations and another large, catastrophic mass-wasting event may occur.

Figure 1 The river mouth at Domata beach is dominated by the dual structure of the escarpments termed Upper Fan and Lower Fan (arrows).
Other river systems in the region do not show any similar deposits, which suggests intrinsic factors forced the Klados River into building the
disproportionate fans (tripinview, 2017).
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Popocatepetl Volcano is on the volcanic front of the central Mexican magmatic arc (Trans-Mexican Volcanic Belt)(Fig.1).
This volcano is the third highest active volcano in the Northern Hemisphere. The volcano presents a great hazard to Mexico
City and to other nearby cities and towns from a possible major volcanic eruption. Popocatépetl is one of Mexico’s most
active volcanoes threatening a densely populated area that includes Mexico City with more than 20 million inhabitants. In
1994, volcanic activity at Popocatépetl renewed with the formation of ash-rich plumes up to 7 km high. In April 1996, lava
emissions filled the crater and were accompanied by a series of explosions that produced eruptive columns up to 8 km
high. Volcanologists are always working to understand how volcanic hazards behave, and what can be done to avoid them.
Assessment and management of volcanic risk are important scientific, economic, and political issues, especially in densely
populated areas threatened by volcanoes. Volcano Hazards Modeling’s are one of the most important tools for
managements of volcanic hazards behaviors. We tested VORIS 2.0.1 (Felpeto et al., 2007), a freely available software
(http://www.gvb-csic.es) based on a probabilistic model that considers topography as the main parameter controlling the
lava flow propagation. Up to this version, VORIS is able to simulate ash fallout, lava flows and pyroclastic density currents.
VORIS 2.0.1 also includes tools for the computation of volcanic susceptibility. Ash fallout simulations were based on the
advection-diffusion model. Wind data (Speed and direction in atmosphere layer) for the advection model correspond to
records from the Phillip Goldston Intl. station in during one of ash fallout in 19 april 2016. Model show Direction of ash
fallout in that time to the South East (fig. 2). The lava flow (probabilistic) model applied assumes that topography and flow
thickness play major roles in determining lava paths (Felpeto et al., 2007). The simulations were run for all cells in the Aster
DEM and the sum of the 10000 iterations provided a map with the probability for any particular cell of being covered by a
lava flow. Figure 3 consists of a lava-flow simulation probability map, which shows that there is a high probability that the
east ward of caldera will be affected by lava flows. Pyroclastic density currents (PDCs) were simulated using the energy
cone mode (Sheridan and Malin, 1983) with input parameters of topography, the collapse equivalent height (Hc) and angle
(θ). The latter is obtained by the arctangent of the ratio between Hc and L, where L represents the run-out length (Felpeto
et al., 2007; Toyos et al., 2007). The output of the model is the maximum potential extent that can be affected by the flow to
eastward of Volcano(Fig.4).
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Figure 1. Location of Popocatepetl Volcano
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Figure 2. Ash Fallout Direction in Popocatepetl Volcano Eruption in 19 April2016

Figure 3. Lava Flow Direction modeling in Popocatepetl Volcano

Figure 4. Pyroclastic density currents modeling in Popocatepetl Volcano
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Recently, several approaches have been adopted to analyse spatially distributed natural hazards and ongoing phenomena
such as landslides. Numerous studies ultimately aim to evaluate the probability of a landslide to occur in a given area,
under the basic assumption that the considered event is more likely to take place in the future in areas with similar
conditions to those where it was observed in the past.
The main objective of the present study is to elaborate landslide susceptibility mapping using a machine learning (ML)
algoriothm, Random Forest (RF). ML algorithm are statistical-based approaches capable of learning from data and make
predictions starting from the acquired knowledge through the modelling of the hidden relationships between a set of input
and output variables (i.e. the predisposing factors and the occurrence of the phenomenon). After a training procedure to
calibrate the parameters of the model, susceptibility maps can be displayed. The main benefit is that these approaches are
data driven. Hence, they do not need a priori knowledge of the process. Moreover, RF directly provides the measurement
of the importance of each variable.
The following environmental variables were considered in this study as predisposing factors to construct the input space:
slope angle, curvature, profile curvature, plan curvature, lithology, NDVI, river proximity and road proximity. Each factor can
be seen as a proxy for local conditions, namely the terrain mechanic and hydrological properties and shear stress
conditions. The landslides inventory was elaborated by Pedrazzini et al. (2016) and consist on the footprint of various types
of observed gravitational slope deformations, a common geomorphological feature in mountainous areas associated with
terrain erosion processes.
The RF algorithm successfully produced a landslides susceptibility map for Canton Valais and was able to define variables
importance in predicting landslides occurrence. More generally, the proposed approach proved to be particularly effective to
deal with large, high dimensional spatial data, which reflects the great flexibility of ML methods. The investigation of other
natural hazards could benefit from this same methodology.

Figure 1. Landslide susceptibility maps of Canton Valais, Switzerland
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