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7.1
Combined Climate and Flow Abstraction Impacts on an Aggrading 
Alpine River

Maarten Bakker1, Anna Costa2, Tiago A. Silva3,4, Laura Stutenbecker5, Stéphanie Girardclos4,6,  
Jean-Luc Loizeau3,4, Peter Molnar2, Fritz Schlunegger5 & Stuart N. Lane1

1 Institute of Earth Surface Dynamics, University of Lausanne, Géopolis, CH-1205 Lausanne (maarten.bakker@unil.ch)
2 Institute of Environmental Engineering, ETH Zürich
3 Department F.-A. Forel for Environmental and Aquatic Sciences, University of Geneva
4 Institute for Environmental Sciences, University of Geneva
5 Institute of Geological Sciences, University of Bern
6 Department of Earth Sciences, University of Geneva

Widespread temperature increase has been observed in the Swiss Alps and is most pronounced at high elevations. Alpine 
rivers are very susceptible to such change where large amounts of sediments are released from melting (peri)glacial 
environments and potentially become available for transport. These rivers are also impacted on a large scale by 
hydropower exploitation, where flow is commonly abstracted and transferred to a hydropower scheme. Whilst water is 
diverted, sediment is trapped at the intake and intermittently flushed down the river during short duration purges. Thus, 
these rivers are impacted upon by both climate and human forcing. In this study we quantify their relative and combined 
impacts upon the morphological evolution of an aggrading Alpine river.

Our study focusses on the development of a sequence of braided reaches of the Borgne River (tributary of the Rhône) in 
south-west Switzerland. A unique dataset forms the basis for determining sediment deposition and transfer: (1) a set of high 
resolution Digital Elevation Models (DEMs) of the reaches was derived through applying Structure from Motion (SfM) 
photogrammetry to archival aerial photographs available for the period 1959-2014; (2) flow intake management data, 
provided by Grande Dixence SA, allowed the reconstruction of (up- and downstream) discharge and sediment supply since 
1977. Subsequently we used climate data and transport capacity calculations to assess their relative impact on the system 
evolution over the last 25 years.

Not surprisingly, considerable aggradation of the river bed (up to 5 meters) has taken place since the onset of flow 
abstraction in 1963. The initial morphologic response was however modest, generally associated with channel narrowing 
and vegetation encroachment. Major, widespread aggradation did not commence until the onset of glacier retreat in the late 
1980s and the notably warm (and dry) period in the early 1990s. The river reaches showed a common, synchronous 
development, steepening in response to altered flow sediment supply conditions. 

Where the aggradation coincided with a phase of increased sediment supply, it accounts for only circa 25% of supplied 
material and the remainder was transferred through the reaches downstream. Estimations of bed load transport capacity 
indicate that flow abstraction reduces transport capacity by an order of magnitude but that the residual transport rates are 
close to sediment supply rates, which is why significant transport remains. However, the reduction in transport capacity 
makes the system much more sensitive to changes in climate-driven hydrological variability and climate-induced changes in 
intake management and sediment delivery rates.

In the Borgne River we find that despite the considerable impact of flow abstraction, it is still possible to identify a climate 
change signal that propagates through the system and drives river morphological response. This signal is associated with a 
critical climate control upon upstream sediment supply coupled with the effects of combined climate and human impact on 
the operation of the hydroelectric power scheme.
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7.2
River network bedload model: a tool to investigate the impacts of flow 
regulation on bed load and grain size in a large Alpine basin

Anna Costa1, Peter Molnar1, Rafael J. P. Schmitt2 

1 Institute of Environmental Engineering, ETH Zurich, Stefano Franscini Platz 3, CH-8093, Zurich (costa@ifu.baug.ethz.ch)
2 Center for Environmental Design Research, University of California Berkeley, CA-94720, Berkeley

The balance between transport capacity and sediment supply determine bedload and the grain size distribution (GSD) of 
water courses. Altered climatic conditions as well as human activities may impact both transport capacity and sediment 
supply, ultimately affecting bedload and the GSD. Climate change shifts the timing of runoff and affects its magnitude by 
modulating basin evapotranspiration, snow cover and snowmelt, glacier melt, etc. Glacier retreat may also enhance 
sediment supply by exposing to erosion loose sediment in proglacial areas. Human activities in Alpine basins affect runoff 
by water withdrawals, water impoundment and flow regulation due to hydropower operation. In addition, the effects on 
sediment supply of reservoir sedimentation, channelization of rivers and gravel mining activities may also be significant in 
Alpine regions.

In this work, we focus on the effects of flow regulation on bedload and GSD of the upper Rhone basin, a large Alpine 
catchment, heavily affected by hydropower operations since 1960s. Substantial changes in discharge, mainly an increase 
in winter and decrease in summer flows (Fig. 1), have occurred at multiple locations in the catchment, potentially leading to 
alterations of the sediment regime. However, the spatial distribution and the magnitude of these changes are not easily 
inferable due to the non−linear, threshold−based nature of sediment transport.

To address the effect of streamflow regulation on bedload fluxes, we developed a network−scale, fractional sediment 
transport model. Following the approach of Schmitt et al. (2016), we conceptualize the river network as a dendritic tree of 
connected links (river reaches). We derive the geometric characteristics of links from a digital elevation model and from 
satellite images. Surface roughness is assigned on the basis of the channel bed GSD, while we estimate bed shear stress 
for each link under the assumptions of normal flow and a rectangular prismatic cross section. Finally, we estimate transport 
rates of multiple grain size classes and the resulting GSD by balancing sediment supply and transport capacity, computed 
with the Wilcock and Crowe surface−based transport model. The model is forced with time series of daily discharge 
simulated with a spatially distributed physically-based hydrological model for pre and post hydropower scenarios. Under the 
assumption that coarse grains (d90) are mobilized only during mean annual maximum flows, we initialize GSD on the basis 
of ratios between d90 and characteristic diameters estimated from field measurements.

Results indicate that effects of flow regulation in this Alpine catchment vary significantly in space and in time and are grain 
size dependent. They show that hydropower operations led to an overall reduction of sediment transport, especially in 
summer and predominantly for coarser grains. We propose that the network approach is a useful tool to quantify the 
spatially−variable impacts of changes in flow conditions on sediment dynamics, driven by hydropower or by any other 
driving factor, including climate change.
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Figure 1. Mean daily discharge at the outlet of the catchment under pre and post dam conditions. 

REFERENCES
Schmitt, R. J. P., Bizzi, S., Castelletti, A. 2016: Tracking multiple sediment cascades at the river network scale identifies 

controls and emerging patterns of sediment connectivity, Water Resources Research, 52, 3941-3965.
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7.3
Low-temperature thermochronometry of the Japanese Alps  
Georgina E. King1, Sumiko Tsukamoto2, Shigeru Sueoka3, Frédéric Herman4, Floriane Ahadi5,  
Cécile Gautheron5, Guillaume Delpech5 and Takahiro Tagami6

1 Institute of Geological Sciences, University of Bern (georgina.king@geo.unibe.ch)
2 Leibniz Institute for Applied Geophysics, Hannover, Germany
3 Japan Atomic Energy Agency, Toki, Japan
4 Institute of Earth Surface Dynamics, University of Lausanne
5 Université de Paris Sud, France
6 University of Kyoto, Japan

Japan is one of the most tectonically active locations on Earth, situated adjacent to two triple junctions between four 
tectonic plates. Within this convergent zone, the Hida, Kiso and Akaishi ranges of the Japanese Alps are thought to have 
been uplifted within the last 1 to 3 Myr. Whilst predominantly tectonically driven, this mountain-building may also have been 
coincident with the onset of the Quaternary period, and the associated global climatic transition to ice-house conditions. 
Extremely high rates of precipitation (>3,000 mm/yr) coupled with earthquake enhanced landsliding potentially make the 
Japanese Alps one of the most rapidly exhuming places on Earth. However the rate of exhumation and the topographic 
evolution of this significant tectono-climatic setting remain poorly constrained. Quantifying exhumation rates will provide 
insights into the tectonic evolution of the Japanese Alps as well as an improved understanding of the coupling between 
tectonics and climate through erosion processes. 

Thermochronometry enables exhumation rates to be determined from the measurement of rates of rock cooling. 
Conventional low temperature thermochronometers such as (U-Th-Sm)/He in apatite are unable to resolve rates of cooling 
within parts of the Japanese Alps, because of their recent exhumation (Suoeka et al., 2016). Instead here we use a 
combination of two new very-low temperature thermochronometry techniques based upon the trapped-charge dating 
methods of optically stimulated luminescence (OSL) and electron spin resonance (ESR) dating. We collected 19 samples 
from the Hida range of the Japanese Alps, including 4 samples from a high-temperature tunnel which has a present day 
temperature of ~40-50 °C, but experienced temperatures of up to 166 °C prior to excavation in the 1930s. The high-
temperature samples have apparent ages of zero when measured using OSL and ESR-thermochronometry, providing a 
local control on the performance of these recently established techniques.  Measurement of the remaining 15 samples will 
complement previous (U-Th-Sm)/He in apatite (Ahadi et al., In Prep.), zircon fission track (Yamada and Harayama, 1999; 
Ito and Tanaka, 1999) and zircon U-Pb (Ito et al., 2013) measurements which have been made on the same sample suite. 
Once analyses are complete, we will be able to invert the different thermochronometric data together, to determine the 
exhumation of the Hida range over the past 3 Myr. 

REFERENCES  
Yamada, R., Harayama, S., 1999, Fission track and K-Ar dating on the Hida Mountain Range, some granitic rocks of. Central 

Japan. Geochemical Journal 33, 59-66.
Ito, H., Tanaka, K., 1999. Radiometric age determination on some granitic rocks in the Hida Range, central Japan: 

Remarkable age difference across a fault. Journal of Geological Society of Japan 105, 241-246.
Ito, H., Yamada, R., Tamura, A., Arai, S., Horie, K., Hokada T., 2013. Earth’s youngest exposed granite and its tectonic 

implications: the 10-0.8 Ma Kurobegawa Granite. Scientific Reports 3: 1306.
Suoeka, S., Tsutsumi, H., Tagami, T., 2016, New approach to resolve the amount of Quaternary uplift and associated 

denudation of the mountain ranges in the Japanese Islands. Geoscience Frontiers 7, 197-210.
Yamada, R., Ito, H., Tamura, A., Morishita, T., Arai, S., 2012. Thermochronologic analysis of granitic rocks in the Japanese 

Northern Alps (Hida mountain range). Abstract of the 13th International Conference on Thermochronology.
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7.4
Constraining paleo-glacier extent and local erosion using OSL and 10Be 
surface exposure dating

Benjamin Lehmann1, Pierre G. Valla2, Georgina E. King2, Susan Ivy-Ochs3, Olivia Kronig3 and Frédéric Herman1

1 Institute of Earth Surface Dynamics, Faculty of Geosciences and Environment, University of Lausanne, CH-1012  
  Lausanne (benjamin.lehmann@unil.ch)
2 Institute of Geological Sciences and Oeschger Center for Climate Research, University of Bern, 3012 Bern
3 Laboratory of Ion Beam Physics, ETH Zurich, 8093 Zurich, Switzerland 

In this study, we present a new approach to evaluate post-glacial bedrock erosion in mountainous environments by 
combining 10Be and optically stimulated luminescence (OSL) surface exposure dating (Haberman et al., 2000; Sohbati et 
al., 2011). It relies on the idea that both OSL-signal bleaching and 10Be concentration within a rock sample depend on the 
exposure time and the surface erosion rate. We developed an iterative approach that enables us to invert OSL bedrock and 
10Be concentration into exposure time and erosion rate. 

We then apply our  approach to a well-constrained glacial environment: the Mer de Glace glacier (Mont Blanc massif, 
France). Samples were collected on granitic bedrock surfaces between the LGM ice surface (~2505 m a.s.l, Coutterand et 
al., 2006) and the present-day glacier (1920 m a.s.l), covering ~600 m of elevation over which the ice has fluctuated since 
the LGM. Our results exhibit increasing exposure age with sample elevation, from 0.2 ± 0.1 to 21.0 ± 1.4 ka, and an 
integrated erosion rate varying from 0.5 to 5 mm.ka-1 since the Last Glacial Maximum. We thus propose that combining 
OSL and 10Be surface exposure dating would allow to constrain both paleo-glacier fluctuations and weathering processes 
during the Lateglacial to Holocene times.

REFERENCES  
Habermann, J., Schilles, T., Kalchgruber R., Wagner, G.A. 2000: Steps towards surface dating using luminescence. 

Radiation Measurements 32(5): 847-851. 
Sohbati, R., Murray, A.S., Jain, M., Buylaert J-P., Thomsen K.J. 2011: Investigating the resetting of osl signals in rock 

surfaces. Geochronometria, 38(3).
Coutterand, S. and J.-F. Buoncristiani. 2006: Paléogéographie du dernier maximum glaciaire du Pléistocène récent de la 

région du massif du Mont Blanc, France. Quaternaire. Revue de l’Association française pour l’étude du Quaternaire, 
17(1): 35-43.
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7.5
Simulating the effect of check dams on landscape evolution at 
centennial time scales

Mirjam Mertin1, Jorge Alberto Ramirez1, Markus Zimmermann1, Nadav Peleg2, Chris Skinner3, Margreth Keiler1

1 Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern
2 Institute of Environmental Engineering, ETH Zurich, Stefano-Franscini-Platz 5, CH-8093 Zürich
3 Energy and Environment Institute, University of Hull, Cottingham Rd, UK-HU6 7RX Hull 

Check dams are structures to stabilize mountain rivers by decreasing flow velocity and reducing channel erosion. Over long 
time scales (100 yrs) a series of check dams constructed in a particular river reach can have significant effects on sediment 
and water dynamics and river channel responses. Over time the maintenance and repairing or even the replacement of 
check dams is costly. Given the drawbacks of check dam maintenance, the question then arises: what would happen geo-
morphologically if check dams were not maintained and allowed to structurally deteriorate? Herein we apply a landscape 
evolution model (CAEASAR-Lisflood) to the Guerbe catchment containing 80 check dams that stabilize the main river 
(Figure 1). These longstanding structures afford a sense of security for downstream communities by mitigating small- and 
mid-scale flood and debris flow hazards. High spatial and temporal resolution rainfall data driving the landscape evolution 
model is generated by a stochastic spatially distributed rainfall generator (STREAP). Using CAESAR-Lisflood we simulate 
future scenarios of the river development at centennial time scales. Scenarios consider the quantity and location of check 
dams that are neglected, subsequently collapse, and release large amounts of sediment. By doing this we are better able 
to understand how the neglect of check dams cascades through the catchment and provides information about optimal 
check dam placement and amount.

a 

check dams 

b 

Figure 1. (a) Guerbe catchment and (b) reach containing check dams. 
 

a
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7.6
Sediment transport in a small alpine river: hysteresis and seasonal 
behaviour

François Mettra1, Gilles Antoniazza1 & Stuart Lane1

1 IDYST, University of Lausanne, CH-1015 Lausanne (francois.mettra@unil.ch)

This study aims to understand the behaviour of sediment transport in a small alpine river. Sediment transport is known to 
show large fluctuations, particularly in mountainous catchment. Using continuous sediment transport data from a new 
measurement station (WSL-UNIL) in Vallon de Nant, VD, Switzerland, we analyse the hysteresis behaviour of the relation 
between water and sediment discharges. Here, we focus on the main floods that occurred during the summer season, as 
the catchment is coverred by snow in the winter.

Interestingly, we observe a shift in the hysteresis during summer 2016, with sediment transport maximum occuring before 
water discharge maximum for early summer storms, and inversely in late summer. To explain this behaviour, we 
hypothesize, first, that sediments come from the river channel in early summer, as the upper-part of the catchment is still 
covered by snow. Secondly, in late summer, sediments seem to come from further upstream, as the sediment transport 
maximum at the station occures generally after the flood peak (sediment sources are further from the catchment outlet).

The observation of a limited sediment supply in early summer, and a sediment delivery approaching transport capacity in 
late summer could confirmed this hypothesis. The effects of strong convective storms, as the one observed in the first of 
August 2017, will be also discussed.
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7.7
Bulldozer-like soil erosion at the front of a rockglacier indicates change 
in advance dynamics: Case study from the Furggentälti, Vallais, 
Switzerland
Joël Morgenthaler1 & Marcel Frehner1

1 Geological Institute, Department of Earth Sciences, ETH Zurich, Sonneggstrasse 5, CH-8092 Zurich  
  (mjoel@student.ethz.ch, marcel.frehner@erdw.ethz.ch)

Several active rockglaciers in the Alps have increased their creep velocity in the last few decades. An example for such a 
rockglacier is the well-studied Furggentälti rockglacier near the Gemmi Pass in the Valais Alps in Switzerland. If a 
rockglacier flows onto soil, erosion can occur forming peculiar landforms. At the Furggentälti, a bulldozer-like soil erosion 
takes place and therefore a bulge is developing in front of the rockglacier (Figure 1a).

The aim of our study was to simulate the dynamical creep behavior of the Furggentälti rockglacier and in particular to 
reproduce the erosional process at the rockglacier front. For this, we used the finite-element code presented in Frehner et 
al. (2015). We assume the rockglacier movement to be governed by purely viscous creep behavior, which is driven downhill 
by gravity. To design a realistic model representing the Furgentälti rockglacier as well as possible, we used the 
swissALTI3D digital elevation model for the rockglacier topography and the interpreted seismic refraction data of Nussbaum 
(2008) for the internal structure (i.e., thickness of active layer and depth to bedrock). In addition, we added a 1 m thick soil 
layer in front of the rockglacier and beneath the frontal 30 m of the rockglacier. The extent and dimensions of this soil layer 
are based on local observations and areal images.

Figure 1. a) Bulldozer-like soil erosion at the front of the Furggentälti rockglacier. People for scale. b)–d) Progressive snapshots of 
numerical simulation. Shown in color is the total horizontal normal stress. The bulge in the soil forms immediately in front of the advancing 
rockglacier.

The numerical simulation (Figure 1b–d) results in the development of a bulge in the soil in front of the rockglacier. Several 
key observations from the Furggentälti rockglacier are very well reproduced by the model:

(i) The position and shape of the bulge.
(ii) The amplitude of the bulge.
(iii) The fact that only one bulge forms in the soil, and not several with a distinct wavelength (as compared to the 

furrow-and-ridge morphology on top of the rockglacier, see Frehner et al., 2015).

Our study also led to various new thoughts and speculations, which we summarized in a conceptual model of a rockglacier 
moving onto soil (Figure 2). At the rockglacier front, we observe several discrete packages of soil that are incorporated into 
the rockglacier. Therefore, we assume that a bulge can only reach a certain size (Figure 2b) before it is sheared off and 
incorporated into the rockglacier (Figure 2c), after which a new bulge forms. This cycle repeats continuously while the 
sheared-off soil packages are transported up the rockglacier front (Figure 2d). This observation contradicts the commonly 
accepted caterpillar-like dynamics of a rockglacier, which is characterized by a frontal movement downwards, not upwards. 
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Therefore, we propose that the entire frontal dynamics changes when a rockglacier moves from bedrock onto soil, from 
caterpillar-like (Figure 2a) to sliding (Figure 2d).

Figure 2. Schematic model of a rockglacier moving from bedrock onto soil. The frontal dynamics changes from caterpillar-like to sliding.

It is interesting to note that the point in time when the Furggentälti rockglacier increased its creep velocity coincides with the 
moment it moved from bedrock onto soil. Therefore, we also propose that the two different movement dynamics have two 
different speeds. The increase in creep velocity might be triggered by the change in substrate and the corresponding 
change in movement dynamics of the rockglacier front, from caterpillar-like movement to sliding.

REFERENCES
Frehner, M., Ling, A.H.M. & Gärtner-Roer, I. 2015: Furrow-and-ridge morphology on rockglaciers explained by gravity-driven 

buckle folding: A case study from the Murtèl rockglacier (Switzerland), Permafrost and Periglacial Processes, 26, 57–66.
Nussbaum, A. 2008: Geophysikalische Untersuchungen am Blockgletscher Furggentälti, Gemmi (VS), Diplomarbeit, 

Geografisches Inst., Universität Bern.
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7.8
Evaluating the role of coseismic landsliding on cosmogenic nuclides, 
erosion rates, and topographic evolution in mountainous landscapes.  
A case study of the Mw 7.8 Gorkha Earthquake.
Katherine Schide1, Sean Gallen1, Maarten Lupker1, Lena Märki1, Sean Willett1, Kristen Cook2, Ananta Gajurel3

1 Geologisches Institut, ETH Zürich, Sonneggstrasse 5, CH-8093 Zürich (katherine.schide@erdw.ethz.ch)
2 GFZ German Centre for Geosciences, Telegrafenberg, DE-14473 Potsdam
3 Department of Geology, Tribhuvan University, Tri-Chandra Campus, NP-44605 Kathmandu

The Mw 7.8 2015 Gorkha earthquake presents a unique opportunity to study the effects of coseismic landsliding on 
sediment transport and landscape response in the years immediately following a large earthquake. The effects of these 
infrequent mass wasting events on longer-term erosion rates is still not fully understood. In addition, recent studies question 
whether these large earthquakes build or destroy topography at the orogen-scale (Marc et al.,2016; Parker et al., 2008). In 
this on-going project, we repeatedly sample river sediments in effected valleys for terrestrial cosmogenic nuclides (TCN) to 
look for changes in concentrations in the years after the Gorkha earthquake. Assuming landslides mobilize deeper material 
with lower TCN concentrations, we expect an “earthquake signal” as sediment is excavated from hillslopes and moves 
downstream. In addition, we measure landslide geometries using high resolution digital surface models created by camera-
equipped unmanned aerial vehicles (UAVs) and terrestrial lidar. Comparing landslide volumes with the amount of landslide 
material in the river channel will allow us to quantify storage on hillslopes and understand the relationship between channel 
connectivity and export. This project investigates how large, infrequent events effect basin-averaged erosion rates on both 
long and short timescales. 

REFERENCES  
Marc, O., Hovius, N., Meunier, P., 2016. The mass balance of earthquakes and earthquake sequences. Geophys. Res. Lett. 

43, 1–9. doi:10.1002/2016GL068333
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7.9
Monitoring Alpine Mass Motion with Seismology and Infrasound
Fabian Walter1,2, Emanuele Marchetti3, John F. Clinton4

1 Laboratory of Hydraulics, Hydrology and Glaciology, ETH Zurich, CH-8093 Zurich
2 Swiss Fed. Inst. for Forest, Snow and Landscape Res. WSL, CH-8903 Birmensdorf
3 Dipartimento di Scienze della Terra, Univ. degli Studi di Firenze, I-50121 Firenze
4 Swiss Seismological Service, ETH Zurich, CH-8092 Zurich

Gravity-driven mass movements constitute a severe natural hazard in Alpine regions. Ranging from small rock falls to 
landslides involving millions of cubic meters of material, the impact and trigger of mass movements are highly variable and 
difficult to constrain with predictive models. Recent large-scale events such as the 23 August  2017 Bondo landslide in the 
Bergell (GR) as well as smaller-scale recurring debris flows in various torrents throughout Switzerland underline the need 
for early warning measures.

Figure 1. Seismic location (red color) of debris flow front at Illgraben (Valais).

We discuss monitoring and early warning schemes, which exploit the propagation of seismic and infrasound waves induced 
by mass movements. Focusing on the Bondo landslide and debris flows at Illgraben (VS) we show the potential of these 
signals for rapid event detection and post-event analysis. Other techniques such as interferometric radar, in situ rock 
deformation measurements and detection of critical precipitation amounts are often indespensable. Yet seismic and 
infrasound monitoring has its own advantages and can provide additional information for event detection and process 
studies.
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P 7.1
Geohistorical analysis of the evolution of the hydraulic system of 
Jessour in Southeast Tunisia   

Mohamed Abbassi1,2, Hédi Ben Ouezdou1, Tarek Ben Fraj1, Emmanuel Reynard2 & Mohamed Moussa3

1 Laboratoire de cartographie géomorphologique des milieux, des environnements et des dynamiques (CGMED), FLSH,  
  Université de Tunis, 94, BD du 9 avril 1938, 1007 - Tunis (abassi.med84@gmail.com)
2 Institut de géographie et durabilité, Université de Lausanne, Géopolis, CH–1015 Lausanne
3 Institut des Régions Arides, Route du Djorf Km 22.5, Médenine

Jessour (singular: Jesr) are a traditional hydro-agricultural system in Southeast Tunisia aimed at collecting water and 
sediments from the wadis of this arid region (average <120 mm per year) and thus to improve the water and sediment 
balance of the agricultural plots (notably allowing the cultivation of the olive tree well beyond its ecological limits). These 
structures are both hydro-agricultural installations and a hydraulic heritage. They are currently subjected to different issues 
related to climate change (aridification) and socio-economic changes (agricultural abandonment, which reduces the 
possibilities of maintenance of structures). A project of the universities of Tunis and Lausanne and of the Institute of Arid 
Regions of Médenine aims at better characterizing these structures (typology, water balance) and at proposing solutions for 
their sustainable maintenance and their cultural popularization (tourism). 

In this poster, a geohistorical analysis of the evolution of Jessour over a period of one century in a specific sub-watershed 
is proposed. Historical aerial photographs and maps are processed withing a GIS environment to detect changes in the 
Jessour system (development of Jessour in new talwegs, abandonment, changes in the vegetation cover, erosional 
features, etc.).  

The objective is to propose a map of current situation of Jessour in their geomorphological context and diachronic maps of 
changes over one century. 

P 7.2
The new landslide and rock glacier inventory map of Canton Ticino
Christian Ambrosi1, Claudio Castelletti2, Dorota Czerski1, Cristian Scapozza1 and Filippo L. Schenker1

1 Institute of Earth Sciences, University of Applied Sciences and Arts of Southern Switzerland (SUPSI),  
  Campus Trevano, 6952 Canobbio, Switzerland
2 CSD Ingegneri SA, Via Lucchini 12, 6901 Lugano, Switzerland

The landslide inventory map of Canton Ticino was recently upgraded thanks to 2D and 3D digital photo-interpretation. This 
mapping allowed the inventory of 2035 landslides (covering a surface of 184.4 km2), 4376 shallow landslides (covering a 
surface of 133.7 km2) and 188 Deep Seated Gravitational Slope Deformations (DSGSD). Landslides are composed by 1494 
slides, 86 flows, 390 falls (comprised between 100 and 1’000’000 m3) and 65 rock avalanches (> 1’000’000 m3). 334 
landslides were considered as active (238 slides, 17 flows and 79 falls). Shallow landslides includes: erosion areas; talus 
slopes, scree slopes, coarse-scree slopes and rockfall deposits (< 100 m3); debris flow deposits; mixed cones (both rockfall 
and debris flow deposits).

Based on this mapping, the regional rock glacier inventory was also updated. Actually, 279 rock glaciers were recognised in 
the Ticino Alps, comprising 48 ice-cemented active rock glaciers, 17 ice-cored active rock glaciers, 51 ice-cemented 
inactive rock glaciers, 3 ice-cored inactive rock glaciers, 157 relict rock glaciers and 3 push-moraines.
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P 7.3
Incorporation of hillslope morphology into an analysis of river profile 
development in NW Bhutan

Larissa de Palézieux1, Kerry Leith1, Simon Loew1

1 Geological Institute, ETH Zurich, Sonneggstrasse 5, CH-8092 Zurich
  (larissa.depalezieux@erdw.ethz.ch)

With large alluvial plains, narrow gorges, prominent knick points, and chains of terraces or cut-off ridges, the deeply-incised 
valleys in Bhutan reflect an environment of diverse erosional activity. Topography ranges from 97 m to 7570 m, with 
characteristic postglacial landscapes typically located above ca 4200 m. The lower latitudes below ca 3000 m show high 
relief and terraced or linear hillslopes indicative of a fluvial origin. 

Although full channel analyses in the region suggest significant local tectonic contributions to longitudinal river profiles 
(Adams et al., 2016), we develop a method to isolate rivers in an apparently homogeneous tectonic block in the mid to 
upper- elevations. Profiles of rivers in this region show a consistent pattern with a marked topographic step covering 2000 
m of elevation change within 10 km. Field observations of knick points, terraces, inner gorges, and cut-off ridges associated 
with the step suggest a regionally consistent signal resulting from changes in relative uplift or erosion rate. Chi plots 
correlate well for all channels when the base level is chosen to isolate rivers below the main alluvial plain, suggesting 
similar fluvial erosion histories in upstream regions. 

Figure 1. Topographic map with elevation (color scale), study area, and areas of low slope angle (pink: the majority of cells within a 
distance of 1km are <20°).

Employing third order topographic derivatives (Minár et al., 2013), we identify low angle slope sections/plateaus 
corresponding to terraces and/or extrapolated ridges that project onto former valley floor levels. With ridges projected to the 
present-day channels (Fig. 2), this allows us to treat them in a similar manner as fluvial knickpoints, providing a means of 
testing for regionally consistent changes in coupled fluvial and hillslope activity that may be tied to major structural, tectonic, 
or climatic changes. 
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Figure 2. Schematic representation of links between ridges and paleo river profiles.
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P 7.4
A methodological approach to improve  erosion experiments on biochar 
by using a high precision rainfall simulator and photogrammetry

Nina Goldman, Marius Mayer, Wolfgang Fister & Nikolaus J. Kuhn

University of Basel, Physical Geography and Environmental Change, Environmental Sciences, Basel, Switzerland 
(wolfgang.fister@unibas.ch)

Biochar is termed a soil amendment, which could have a positive effect on the anthropogenic climate change by 
sequestering carbon in the ground. However, these positive effects can only arise if the biochar is not eroded during the 
first rainfall events. Initial experimental results indicate that a large quantity of the applied biochar is lost, but soil erosion is 
also reduced by incorporating biochar into the soil. The overall objectives of this study are to gain insights into the process 
knowledge of erodibility of soils with incorporated biochar, and to develop new techniques for their observation. A drip type 
rainfall simulator is used on a microscale flume (0.2m2) to be able to precisely control and monitor the thin surface flows 
and rainfall characteristics. In order to reduce the complexity of the experiments and to be able to differentiate between 
biochar and sediment loss, only pure sand and biochar mixtures have been used so far. Since a clear differentiation 
between soil and biochar is not feasible without the use of heavy acids, we aim on developing a new method, which will be 
of use for future experiments with biochar-soil mixtures. For this purpose we combine photogrammetry with information on 
the vertical distribution of biochar within the sand colums before and after an experiment. Together, this should enable a 
more accurate quantification of the residual amount of biochar and hence, enable us to calculate the net biochar loss. The 
results of this study could provide guidelines for the types of methods that can be used to assess biochar erosion as well 
as to calculate the potential monetary loss due to biochar discharge through rainfall events.

P 7.5
Impatiens glandulifera (Himalayan Balsam) and increased soil loss: 
causation or association? Case studies from Switzerland and the UK
Philip Greenwood & Nikolaus Kuhn

University of Basel, Basel-4056, Switzerland 

The annual invasive plant, Impatiens glandulifera (Himalayan Balsam), is now well established in most temperate European 
countries. It is also common across east and west regions of North America and is increasingly being recorded on some 
Australasian islands. As a ruderal species with a preference for damp, fertile and frequently disturbed soils, riverbanks and 
the riparian zone represent prime habitat. Whilst I. glandulifera is able to crowd-out most perennial vegetation, as an annual 
plant with an intolerance to cold weather, its death over the winter period leaves invaded areas devoid or depleted in 
surface vegetation and at an increasing risk of erosion when compared against uninvaded areas supporting perennial 
vegetation. Despite these claims, attempts to quantify its role have only recently been undertaken during erosion monitoring 
research conducted over the autumn dieback of 2012 to the spring germination period of 2013 along a section of 
watercourse in northwest Switzerland. The investigation, which is still ongoing, now benefits from additional data covering 
four consecutive die-off to germination periods, from 2012-16, from the same watercourse as above, as well as data from a 
second river in southwest UK, which covers three consecutive die-off to germination periods, from 2013-16. Statistical 
analysis of each data-set indicates that soil loss from areas invaded with I. glandulifera was significantly greater than soil 
loss from spatially and topographically comparable reference areas over six out of the seven measurement periods. 
Reinterpreting all erosion data has led us to rethink whether I. glandulifera causes high erosion, or is merely associated 
with areas where high erosion regularly occurs. We now explore whether I. glandulifera may preferentially colonise low-
lying areas where the frequent deposition of flood-derived sediment (and seeds) may perpetuate poorly developed soil 
structure, low cohesion and limited ability to resist erosion; all of which may be responsible for high rates of soil loss.
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P 7.6
Assessing the origins, timing and transport distances of large exotic 
boulders in trans-Himalayan rivers

Marius L. Huber1, Sean F. Gallen1, Maarten Lupker1, Negar Haghipour1, Marcus Christl2 & Ananta P. Gajurel3

1Geological Institute, Department of Earth Sciences, ETH Zurich, Sonneggstrasse 5, CH-8092 Zurich, (humarius@student.
ethz.ch)
2Laboratory of Ion Beam Physics (LIP), Institute for Particle Physics, Department of Physics, ETH Zurich, Otto-Stern-Weg 5, 
CH-8093 Zurich
3Department of Geology, Tri-Chandra Campus, Tribhuvan University, Ghantaghar, Kathmandu, Nepal

Tectonically active landscapes develop equilibrium topographies by balancing rock uplift and erosion over long time-scales 
(>1 Myr) (e.g. Burbank et al. 1996). On shorter timescales (≤ 105 yr) landscape evolution is complex and characterized by 
phases of erosion and aggradation within drainage systems (e.g. Schumm 1973). Periods of erosion and aggradation in 
fluvial systems can be caused by changes in climate and tectonic forcing or by stochastic processes, such as landsliding or 
catastrophic outburst floods. While the role of climate and tectonics in shaping landscapes is relatively well understood (e.g. 
Whipple & Tucker 1999), the impact of stochastic, catastrophic events, which rarely occur on human time-scales, on 
landscape evolution remains unclear.

In trans-Himalayan river valleys, i.e. rivers sourced on the Tibetan plateau and crossing the entire range, numerous large 
boulders of >10 m in diameter can be found in the modern river channel or on and within river terraces alongside (Figure 
1). The gneissic lithology of some of these large boulders differs from the local, Lesser Himalaya, phyllites and schists 
present on the adjacent hillslopes and suggests a Higher Himalaya origin 10’s of kilometers upstream. The large boulders 
show evidence of fluvial rounding and are located 2000 m below the last glacial maximum ice extent (Owen & Benn 2005), 
implying that glacial transport is unlikely. The exact transport mechanism responsible for such exceptionally large grain 
sizes remains unknown, but may represent the sedimentological expression of reoccurring catastrophic events such as 
outburst floods or mountain-scale slope failures.
There is clear evidence for rapid sediment infill thought to be associated with catastrophic events in trans-Himalayan river 
valleys followed by very fast downcutting of rivers (extremely high incision rates) in the central Himalayan  region (Pratt-
Sitaula et al. 2004; Schwanghart et al. 2016).

In this study we focus on boulders of exeptional sizes (>10 m diameter), found in the Trishuli and Sun Kosi/Bhote Koshi 
valleys in central Nepal (Figure 1). The location, lithology and 10Be exposure ages of these boulders in combination with 
paleohydrological and flow path modeling will shed new light on possible emplacement mechanisms of these enagmatic 
large boulders. This ongoing research will allow us to test different hypothesis of transport processes including extensive 
mass wasting in combination with landslide dammed or glacier lake outburst floods or large scale synchronuous 
destabilisation of hillslopes during earthquakes. At the time of presentation results, interpretations, discussion and 
conclusions will be available.
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Figure 1. Large gneiss boulder in a tributary of the Sun Kosi river. Higher Himalayan lithology differs from local hillslopes and indicate travel 
distance minimum about 20 km (14 m diameter, up to 4’000 t).
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P 7.7
Dam busy: beavers and their influence on the structure and function of 
river systems

Annegret Larsen1, Joshua Larsen1,2 Stuart N. Lane1

1 Institute of Earth Surface Dynamics, Université de Lausanne, 1015 Lausanne, Switzerland
2 School of Earth & Environmental Sciences, University of Queensland, Australia

Beavers (castor fiber, castor canadensis) are the most influential mammalian ecosystem engineer, heavily modifying rivers 
and floodplains and influencing the hydrology, geomorphology, carbon and nutrient cycling, and ecology. They do this by 
constructing dams, digging canals and burrows, felling trees and introducing wood into streams, which in turn impounds 
water, raises shallow water tables, and alters the partitioning of the water balance, sediment transport and channel patters, 
biogeochemical cycling, and aquatic and terrestrial habitats. However, largely in the absence of predators, beaver numbers 
have been rapidly increasing throughout Europe since the 1980s, but also in parts of the US and South America, prompting 
a need to comprehensively review the current state of knowledge on how beavers influence the structure and function of 
river systems.  Here, we synthesize the overall impacts on hydrology, geomorphology, biogeochemistry, and aquatic and 
terrestrial ecosystems. We then examine the key feedbacks and overlaps between these changes induced by beavers, 
finding that modifications to the longitudinal connectivity drive many key process feedbacks. However, the magnitude of 
these feedbacks is also heavily dependent on the landscape and climatic context, with the ability to promote lateral 
connectivity determining the extent of beaver impacts as stream order increases. Crucially, beavers shape a river corridor, 
introducing distinct processes and feedbacks that would have existed prior to the historical collapse of beaver populations. 
There is thus a need to adapt current river management and restoration practices such that they can accommodate and 
enhance the ecosystem engineering services provided by beavers. We summarize key knowledge gaps that remain in our 
understanding of beaver impacts, which help map an interdisciplinary future research agenda.  
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P 7.8
Active Tectonic Faults and Their Effects on Quaternary Shorelines of the  
Malekan Regions (Northwestern Iran)

Alireza Salehipour Milani* ,Ali Mohammadi**, Amaneh Kaveh3

* Department of Physical Geography, Faculty of Earth Science, Shahid Beheshti University, Tehran, Iran 
  (Ar_Salehipour@sbu.ac.ir) .
** ETH Zurich,Geological Institute ,Secretariat ,Sonneggstrasse 5.,8092 Zurich, Switzerland
3 ETH Zurich,Geological Institute ,Secretariat ,Sonneggstrasse 5.,8092 Zurich, Switzerland

Introduction
The Urmia Lake are located in northwest of Iran between the provinces of East Azerbaijan and West Azerbaijan, and west of 
the southern portion of the Caspian Sea. It was the largest lake in the Middle East and the sixth-largest saltwater lake on 
Earth, with a surface area of approximately 5,200 km2 (2,000 sq. mi), a length of 140 km (87 mi), a width of 55 km (34 mi), 
The Urmia Lake area is surrounded by several major active oblique-slip faults with dextral and normal offsets. Study area are 
located in southeast part of this lake in near Malekan City. 

Methodology
 Interpretation obtained by qualitative and quantitative data. The quantitative data includes satellite image interpretation and 
digital elevation models, alluvial fan morphometric, channel displacement and rate of sediments uplift. Longitudinal and cross 
profile and gradient analysis used to detect quaternary fault and lineation in study area.  For such interpretation, ArcGIS, 
Erdas Imagine were utilized. The detection of main tectonic lineaments in the study area was firstly carried out by classical 
procedures: image sharpening of Landsat 8 images, directional filters applied to ASTER, medium resolution Digital Elevation 
Models analysis (SRTM and ASTER GDEM) and hill shades interpretation. In addition, a new approach in fault zone 
identification, based on multispectral satellite images classification, has been tested in Malkean area. Field studies were 
performed for the identification and measurement of parameters such as the dip and direction of fault, displacements of river 
and pale shorelines. Age of Quaternary shorelines determined by C14 analysis and elevation of lake terraces obtain by Dual-
Frequency RTK GPS.  Finally, the data obtained during field studies are compared and analyzed through quantitative and 
descriptive methods. Plaeo shoreline were identified during field work according to sedimentological characteristics, and 
presence of lacustrine shell fragment like as gastropod in sediments.

Discussion
 According to C14dating from biological content of this shoreline ages of these shoreline are determined for 36500BP. 
The main Quaternary tectonic activity is represented by Reverse movement faults along the malekan region that found for the 
first time in this Research. The Plaeo shorelines elevation and sedimentation is strongly influenced by tectonic processes in 
north part of Malekan Region. In malekan region we found 6 quaternary shorelines. Three shorelines including Malekan3 
shoreline in 1324m.s.l. (54 meter above present lake level), Malekan –bonab3 shoreline in 1339.6m.s.l. (69 meter above 
present lake level) and Malekan –bonab2 shoreline in 1330m.s.l. (60 meter above present lake level) are located on slope of 
this fault. 

Conclusion
We can detect Uplift rate along this fault based on elevation of lake terraces that located in slope of these faults compare to 
elevation of another quaternary shorelines including Malekan-Bonab 5, 6, 4 that found near malekan fault (malekan fault had 
not affected them). results shows we are faces to active fault in north of Malekan City and during 36500 years ago, in different 
parts of this fault uplift was between 4 meter to 24 meter.
Keywords—, Quaternary Shoreline, Active Tectonic ,Remote Sensing, the Urmia Lake, Malekan
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A B 

Figure1. A:Hillshade of Malekan Fault, B: Malekan fault 
    

Figure2.Lake level rise in Malekan in 36500 years ago(Blue Water Level, Red Malekan Fault
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P 7.9
Regulated flows influence on river morphodynamics: the Spöl River 
(Swiss National Park)

Salome Schläfli1, Virginia Ruiz-Villanueva2, Fritz Schlunegger1, Markus Stoffel2

1Institut für Geologie, University of Bern, Baltzerstrasse 1+3, CH-3012 Bern (salome.schlaefli@students.unibe.ch)
2Institute for Environmental Science (ISE), University of Geneva, 66 Boulevard Carl-Vogt, CH-1205 Genève

Natural morphodynamics of rivers have been altered for centuries through the regulation of their flow regimes. This 
paradigm in river management has changed over the course of the last few years, and in some cases pioneering regime-
based criteria have been applied to partially recover river integrity. One benchmark example is the Spöl River in the Swiss 
National Park (SNP), where a long-term artificial flood program started in 2000 (with the release of 15 high flows during the 
last 8 years). One of the main purposes of this program was to improve morphological and therefore habitat heterogeneity 
in the river. After 16 years of the starting of this project, many studies showed that the river recovered part of its mountain 
river character, and the artificial floods mitigated some of the effects of the river regulation. However, the morphodynamic 
effects of such effects are still not fully understood and to date there is not a detailed morphological map of the Spöl 
available. The aim of this research project is to fill this gap and to improve the understanding of regulated flow effects on 
river morphodynamics. The research questions are: (1) How heterogeneous is the current morphology of the Spöl after 
several years of the regulated floods program? (2) How can drones help to identify, classify, and map fluvial features and to 
monitor geomorphic changes in a mountain river? (3) How does the Spöl River´s morphodynamics respond to flow 
regulation? To answer these questions field and laboratory investigations are combined. Field surveys consist of field 
observations and unmanned aerial data to gather hyperspatial imagery, which will then allow construction of high-accuracy 
digital surface models (DSM). The unmanned aerial surveys were carried out in summer 2017 using the AscTec Falcon 8 
available at the SNP equipped with the RGB camera Sony Alpha NEX-7. The approach contains the following three steps: 
(1) a sediment connectivity analysis on the watershed scale, (2) a historical analysis of aerial pictures back to 1946 and (3) 
a high-resolution characterization of the current morphology. The hyperspatial imagery together with the DSM will allow the 
identification, classification and mapping of the main fluvial features (i.e., morphometry) (see figure 1). This approach has 
been rapidly spread in the field of fluvial geomorphology (Bangen et al., 2014). Main fluvial landforms will be identified, 
classified and mapped along the Spöl. The geomorphic classification will be based on consistent and the most updated 
guidelines (Buffington & Montgomery, 2005; Grunell et al., 2014; Rinaldi et al., 2015; Wheaton et al., 2015). The better 
understanding of the spatial distribution of fluvial landforms or geomorphic features will shed light to the fluvial processes 
occurring in the river (i.e., erosion and deposition of sediment). Therefore, the expected results will provide an important 
analytical tool for the SNP and the artificial flood program in particular. Moreover, results will be of interest for the research 
community in general, as they are expected to improve knowledge about the use of unmanned aerial systems, hyperspatial 
imagery and the high-resolution topography to monitor fluvial processes; but, outcomes will also contribute to the biological 
and ecological monitoring of the Spöl (e.g. characterizing physical habitats) and other river restoration programs.

Figure 1. General flow chart with the framework
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The topography of the Alps formed through the interaction between convergent tectonic and surface processes, yet the 
contribution of different drivers of Alpine topography remain an ongoing controversy. Mantle processes, lithospheric 
structure, and unloading by erosion have variously been suggested to account for vertical motions in the Alps (Robl et al. 
2017).

During the active convergence phase, crustal shortening and thickening was the main driver for surface evolution (Handy et 
al. 2014). However, since the Miocene, most of the Alps have entered a post-tectonic stage, in which shortening has almost 
ceased, and erosion and subsequent isostatic adjustment dominate vertical motions (Fox et al. 2016). Excepting the glacial 
periods of the late Quarternary, erosional processes and rates are governed by fluvial systems. The river profiles and 
drainage basins of the Alps are both the recorders of the tectonic history and active players in the erosional processes and 
we present a geomorphic and geographic analysis of river basins in the Alps in order to demonstrate these processes. 
Analysis reveals historic and recent river captures that strongly influence catchment size and horizontal movement of water 
divides. These adjustment indicate and drive spatial variability in erosion rates.  

We also attempt to apply geomorphic principles on paleo river networks as an interpretation tool. Paleogeographic models 
in combination with tectonic models demonstrate the interaction between surface and deep processes. We construct a 
series of paleo geographic maps using sedimentology and provenance data from the literature, and correct these features 
for paleo location based on tectonic reconstructions. The resulting paleo drainage maps demonstrate how spatial variations 
in erosion and exhumation can be extended back in time.

From the interpreted river network the predicted erosion rate variability is compared with the modern erosion rates and fit to 
long-term exhumation rates derived from thermochronometry (Fox et al. 2016). 

We found disequilibria in the river networks that is related to events in regions well outside the Alpine orogen, including the 
Carpathians and the Rhine Graben, where geomorphic perturbations in steepness, erosion rate or network geometry have 
propagated upstream into the Alps. Systematic changes in the river network have therefore continued into the post-tectonic 
stage of the mountain belt, inducing temporal changes in exhumation rate that are non-tectonic in origin.
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The discovery of seemingly water-worn valleys on Mars remains one of the most transforming events in the history of our 
exploration of the solar system. Images from the Mariner 6 and 7 revealed small valley networks on the Martian surface in 
1969. However, these landforms were not recognized as fluvial until Mariner 9 images were obtained in 1970 (McCauley et 
al., 1972). Most valley networks developed during earlier warmer and wetter climatic environments, this interpretation based 
on data collected from Mariner 9 (1971) and the Viking orbiters (1976-1980) (e.g., Mars Channel Working Group, 1983). 
New details of the valley networks were obtained by High-resolution images from the Mars Orbiter Camera (MOC) abroad 
the Mars Global Surveyor (1997-2006), the Thermal Emission Imaging System (THEMIS) abroad the Mars Odyssey (2002- 
present), and finally, Curiosity Rover which landed on the floor of the 150-km-diameter Gale Crater by Mars Science 
Laboratory on 6 August 2012. Fluvial-like landforms such as river channels, alluvial fans and deltas, and sedimentary rocks 
testifying sediment transport under the influence of water have been observed in numerous regions on Mars (Fig. 1). Fluvial 
activity on Mars has been assigned to ages as old as Noachian and as young as Amazonian (<3.0 Ga) (Howard et al., 
2005). Wilson et al. (2016) recently suggested that flowing water, perhaps from snowmelt, formed mid-latitude valleys 
between 2 to 3 billion years ago.

Drainage systems in the eastern Sahara such as valley networks, buried drainage systems, and inverted drainage systems 
exist because they have been formed during several previous Paleogene and Neogene periods of humid climate (Issawi 
and McCauley, 1993; Zaki and Giegengack, 2016). Such relict landforms thus constitute a natural repository of possible 
analogues for fluvial and fluvial-like landforms on Mars, which can be readily studied in order to provide new insights on 
surface response at past, present, and future climatic changes. 

We will systematically characterize the mosaic of paleodrainage systems in the eastern Sahara, using quantitative metrics 
with specific focus on paleohydrology, and study the earth surface response to a drying climate. Using this analogue, we 
will carry out an attempt to constrain paleohydrological conditions of early Mars.

Figure 2. Map of Mars showing the distribution of valley network; blues are valley networks from (Hynek et al., 2010) and browns are 
channels and valleys from (Tanaka et al., 2014). Other features indicated by letters are volcanoes, B-Alba Patera, E-Elysium Mons, 
O-Olympus Mons, TV-Tharsis volcanoes, Y-Syrtis Major Planitia, and Z-Hecates Tholis; impact basins and craters, A-Argyre, C-Chryse, 
F-Jezero Crater, G-Gale Crater, H-Hellas; deltas, F-Jezero, U-Eberswalde; tectonic features, N-Noctis Labyrinthus, V-Valles Marineris; 
channels and valleys, D-Okavango Vallis, I-Athabasca Vallis, J-Maja Vallis, K-Kasei Vallis, L-Mangala Vallis, M-Ma’adim Vallis, P-Marte 
Vallis, Q-Warrego Vallis, R-Hrad Vallis, S-Shalbatana Vallis, T-Tiu and Simud Valles, U-Uzboi Vallis, W-Mawth Vallis, X-Aram Chaos and 
channel. Background extracted from Mars Orbiter Laser Altimeter (MOLA-DTM).
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Since 2017, regional governments in Switzerland have to monitor soil erosion and take action when non-sustainable rates 
of erosion are exceeded. UAV acquired imagery offers the potential to support this task. In this study, a small UAV was 
used to map rills and crusted areas after a snowmelt/rainfall event in February 2017. In total, four fields were mapped at 
resolutions ranging from 0.4 cm to 2.61 cm. DEMs generated from the acquired images illustrated the potential of UAVs to 
document erosion, including rough estimates of soil loss in rills. 

The study also raises several questions regarding the legal and administrative framework of erosion monitoring using 
UAVs. Most obviously, DEMs have limited accuracy what affects the associated estimation of soil loss. Furthermore, when 
a long-term average loss is seen as a limit, a single observation, even when above the limit for one year, may not be legally 
sufficient to take action. The occurrence of rills alone was also not necessarily a sign of non-sustainable soil management 
in our study because runoff often appears to be generated outside cropland. A further issue is the frequency of the 
monitoring, ranging from regular mapping of all areas at risk, to just documenting erosion after it occurred. The difference 
between the two would presumably lead to different technical approaches when images are acquired, with the former 
requiring larger UAVs and at least a partially automated rill detection algorithm. The latter, on the other hand, relies on a 
network of observers. 

Overall, our study showed that UAVs have a great potential in applied soil erosion monitoring. However, procedures that 
enable a legally sound use still require further definition to complete the assessment of the potential of this new tool. 


