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18.1
Derivation and verification of a structural 3D model of the Haslital
(Aar massif, Switzerland) from remote sensing and field data
Roland Baumberger 1, Marco Herwegh2, Edi Kissling3
Federal Office of Topography, Swiss Geological Survey, Seftigenstrasse 264, CH-3084 Wabern
(roland.baumberger@swisstopo.ch)
2
University of Bern, Institute of Geological Sciences, Baltzerstrasse 1+3, CH-3012 Bern
3
ETH Zürich, Institute of Geophysics, Sonneggstrasse 5; CH-8092 Zürich
1

Ideally, the three-dimensional (3D) representation of subsurface structures relies on both underground and surface data.
Commonly, the former is scarcely available or entirely lacking. Therefore, 3D models often have to rely on surface data
only, requiring the projection of geological surface information to depth. The prediction of subsurface continuation of rocks
and structures represents an important task for general research and applied projects (e.g., underground constructions,
deep geothermal energy, fossil energy and ore resources, CO2 sequestration, and nuclear waste disposal). In the past
years, powerful software tools have been developed to facilitate extrapolation of surface data to depth. Despite this
progress in construction capabilities, development of 3D geological models still mainly depends on amount and quality of
surface information available and related assumptions regarding the projection to depth. In this respect, estimations about
quality and associated uncertainty of information projected to depth and transfer of this knowledge to the end user of the 3D
model are crucial.
In this study we present an approach to investigate the large-scale 3D deformation pattern in the European Central Alps in
Switzerland from surface data only combined with a thorough assessment of uncertainties related to input data, to
extrapolation of surface data and the correlation of surface and underground information. We bank our approach on the
mapping of lineaments by means of remote sensing and field work. Our uncertainty estimations concentrate on aspects
related to both 2D (spatial resolution, digitization accuracy, angular resolution) and 3D input data (dip data extraction,
extrapolation of surface data, extrapolation uncertainty). We introduce the concepts of the Central Extrapolation Surface
(CES) and the Extrapolation Uncertainty Area/Volume (2D: EUA; 3D: EUV), which enable the valid projection of surface
data to depth within a well-defined and data-constraint uncertainty range. In a subsequent stage, the accuracy of the
projected data are evaluated using geological information from depth available from a gas pipeline tunnel. With this study
we document, how geometrical correlations between surface and underground data within their respective EUA/EUV may
be used to construct a valid 3D model and we demonstrate that this approach delivers geologically relevant results. The
application of the suggested work flow allows the generation of validated 3D models of fault and shear zones, which will
help for structural predictions at depth being helpful in the case of underground constructions but also for improved
geodynamic understanding of mountain building processes.
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18.2
Der digitale Hydrogeologische Datensatz 1:100000
als Teil einer massstabsübergreifenden Raumdatenhaltung:
Anforderungen und Potential
Andreas Baumeler1, Doris Reber2 & Michael Sinreich3
1
2
3

DIGIKARTO, Mythenquai 353, CH-8038 Zürich (andreas.baumeler@digikarto.ch)
Geozeichen, Mythenquai 353, CH-8038 Zürich
Bundesamt für Umwelt BAFU, Abteilung Hydrologie, CH-3003 Bern

Im Herbst 2015 wird vom Bundesamt für Umwelt BAFU die digitale Hydrogeologische Karte 1:100000 Nordwest-Schweiz
veröffentlicht. Dieser vektorielle Datensatz stellt einen weiteren wichtigen Teil einer massstabs-übergreifenden thematischen
Raumdatenhaltung dar, mit der die Themen Hydrologie, Grundwasser und Geologie verknüpft werden (Figur 1). Er
veranschaulicht die speziellen Anforderungen an Datenrückerfassung und Digitalisierung, Generalisierung, blattschnittfreie
Darstellung und insbesondere an die Massstabsfrage bei der Zurverfügungstellung von digitalen Geodaten.
In der Schweiz existieren auf Bundesebene sechs, auf kantonaler Ebene zwei offizielle Massstabsabstufungen (Figur 2).
Diese wurden im vordigitalen Zeitalter als grundlegendes Instrument zur Erstellung und Nutzung geobasierter Daten
eingeführt. Die bewusste Wahl eines Massstabs wurde damit zur ersten Frage jeder Datenerstellung. Die Festlegung auf
einen Zielmassstab hat u.a. folgende wichtigen Funktionen:
– Erstellung von Atlaswerken
– Darstellung von Themen auf nationaler, regionaler und lokaler Ebene
– Benutzergerechte Publikation von Geodaten
– Verknüpfung von Themen
– Flächendeckende Darstellung von Themen mit geringem oder lückenhaftem Wissensstand (abgeleitete oder interpretierte
Geodaten).
Bei gedruckten Karten wird die Aussagekraft der Daten von den meisten Nutzern intuitiv richtig eingeschätzt. Im Zuge der
Digitalisierung und Nutzung der Daten am Bildschirm wird jedoch der Massstabsfrage deutlich weniger Gewicht geschenkt,
wobei durch die Vergrösserungsfunktion der Detaillierungsgrad der Daten oft überschätzt wird. Prinzipiell hat aber jeder
Datensatz – ob analog gedruckt oder digital in GIS-Systemen gehalten – bei der Erstellung und Aktualisierung einen
Zielmassstab sowie einen Massstabsbereich, innerhalb dessen eine Nutzung der Informationen sinnvoll und zulässig ist.
Zur intuitiven Erfassung des Zielmassstabs erscheint es daher notwendig, neue grafische Werkzeuge zu entwickeln.
Zudem gibt es konzeptionellen Bedarf sowie hinsichtlich der technischen Möglichkeiten, eine generalisierte Karte
automatisch aus grossmassstäblichen Datensätzen abzuleiten. Im Sinne einer umfassenden digitalen Raumdatenhaltung
wird dies im Zusammenhang mit den Hydrogeologischen Karten derzeit geprüft, da noch grosses Potential zur
Inwertsetzung bereits vorhandener Daten im Bereich Grundwasser besteht.

Swiss Geoscience Meeting 2015

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 18: Geoscience and Geoinformation

489

Figur 1. Digitale Hydrogeologische Karte 1:100000 Nordwest-Schweiz: Für einen blattschnittfreien Datensatz wurden die publizierten
Ausgangsdaten der Kartenblätter Vallorbe–Léman nord, Saane, Biel und Basel homogenisiert und angepasst.

Figur 2. Die Hydrogeologische Karte 1:100000 als Teil einer thematischen Raumdatenhaltung. In den Massstäben 1:25000 und 1:500000
ist eine interdisziplinäre Verknüpfung der hydrologischen mit den geologischen Informationen gegeben.
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18.3
Information System for subsurface geological data: Overview of the
situation in Europe
Maud Brentini1, Stéphanie Favre2, Gregory Giuliani2, Anthony Lehmann2 & Andrea Moscariello1
1
2

Department of Earth Sciences, University of Geneva, Rue de Maraîchers 13, CH-1205 Genève (maud.brentini@unige.ch)
Institute for Environmental Sciences, University of Geneva, Boulevard Carl Vogt 66, CH-1205 Genève
(stephanie.favre@unige.ch)

The deep subsurface and its natural resources belong to the State. A detailed and accurate knowledge of them is therefore
key to allow their effective exploitation and management.
GEothermie 2020 is a program piloted by the Service Industriels de Genève (SIG) and the State of Geneva. Its aim is to
develop geothermal energy in the Geneva basin. Different themes must be approached to deal with the whole project. The
topic of this paper concerns the challenges and issues regarding the organisation and effective management of subsurface
data.

Funded and supported by the State of Geneva, this project focuses on centralization and valorisation of regional geological
data. Building a database linked to a Geographic Information System (GIS) capable to manage two and three-dimensional
(2D & 3D) geological information such as seismic lines, borehole logs, reports, outcrops and subsurface 2D and 3D models
is therefore essential. In parallel a substantial work on the review and consolidation of basin stratigraphic definition and
nomenclature has to be carried out in order to correlate all the data.

We first need to make an overview of the current geological data management pratices in Europe. A literature research
highlighted the different ways that geological surveys manage their surface and subsurface data (BRGM and SGF, 2014 ; Van
der Meulen et al., 2013 ; EUREGEO, 2015). Geological surveys with a lot of data had to find a solution already some years
ago, such as the BRGM (Bureau de Recherches Géologiques et Minières, France), the TNO (Geological Survey of the
Netherlands) and the BGS (Bristish Geological Survey).
In order to achieve an accurate overview and establish the state of the art on this subject a short structured question list will
be sent to all european geological surveys. This survey will cover six themes ranging from IT, human and financial resources,
management of geological data, GIS applications, cross-border collaboration and policy and legal framework. The collection
of all this information will allow us to develop the Geneva Geological Information System using the best practices from
european geological surveys.
The complete information system will be owned by the State of Geneva and will offer users (scientists, engineer and public)
capabilities to find, extract, validate (relevance, quality), interpret, process and spread 2D and 3D geological data. Finally, it
will provide tools for the State of Geneva to manage its subsurface resources like Geothermal energy!
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18.4
Data Management Strategy Based on Harmonised Data Models – An
Example from Switzerland
Sabine H. Brodhag1, Nils Oesterling1 & Roland Baumberger1
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(sabine.brodhag@swisstopo.ch)

The Swiss Confederation is based on a federal political system. Legislation is split between federal, cantonal and
communal level. This system strongly affects the handling of geological surface and sub-surface data, which is why data
capture, storage and supply is carried out by different federal levels mentioned above. Since Switzerland consists of 26
Cantons (and more than 2000 communes) and common standards for geological data are rare, the exchange of this data is
difficult. For instance, national wide analyses are barely possible or can only performed with extensive manual work.
The Swiss Geological Survey (SGS) identified this challenge already a couple of years ago. In order to face it, the SGS
started developing common data models for various types of geological data. These models include geological maps,
borehole data and 3D models. Further topics such as seismic data and geological reports are envisaged. For the data
model development it turned out to be essential to integrate the relevant stakeholders in order to increase the acceptance
of the respective model and to guarantee meeting its proper target. This participation practice is generally appreciated by
the stakeholders. Furthermore, during the process of data model development, it became obvious that a clear strategy is
crucial for efficient data management. Especially the target data (data of national relevance) and relevant stakeholders as
well as duties and responsibilities have to be identified and defined.
On the basis of this strategy, underpinned by harmonised data models, target data of defined quality can be collected,
stored and distributed. Furthermore, services such as a central platform for data capture or distribution can be established.
As a result, geological data of various dimensions (from 0D to 4D) can be efficiently exchanged between different
information systems from various data providers. Redundant storage of inconsistent and incomplete data is prevented.
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18.5
“I CAMMINI DELLA REGINA” - Open Source based tools for preserving
and culturally exploring historical traffic routes.
M. Cannata1, M. Colombo, M. Antonovic1, M. Cardoso1, A. Delucchi1, G. Gianocca1, M. Brovelli2
1
2

Scuola Universitaria Professionale della Svizzera Italiana (SUPSI), Campus Trevano, CH-6952 Canobbio
Politecnico di Milano, Como Campus, DICA, Via Valleggio 11, 22100 Como, Italy)

“I CAMMINI DELLA REGINA” (The Via Regina Paths) is an Interreg project funded within the transnational cooperation
program between Italy and Switzerland 2007-2013. The aim of this project is the preservation and valorization of the cultural
heritage linked to the walking historically paths crossing, connecting and serving the local territories. With the approach of
leveraging the already existing tools, which generally consist of technical descriptions of the paths, the project uses the open
source geospatial technologies to deploy innovative solutions which can fill some of the gaps in historical-cultural tourism
offers.
The Swiss part, and particularly the IST-SUPSI team, has been focusing its activities in the realization of two innovative
solutions: a mobile application for the survey of historical paths and a storytelling system for immersive cultural exploration of
the historical paths.
The former, based on Android, allows to apply in a revised manner a consolidated and already successfully used methodology
of survey focused on the conservation of the historical paths (Inventory of historical traffic routes in Switzerland). Up to now
operators could rely only on hand work based on a combination of notes, pictures and GPS devices synthesized in manually
drawn maps; this procedure is error prone and shows many problems both in data updating and extracting for elaborations.
Thus it has been created an easy to use interface which allows to map, according to a newly developed spatially enabled data
model, paths, morphological elements, and multimedia notes. When connected to the internet the application can send the
data to a web service which, after applying linear referencing and further elaborating the data, makes them available using
open standards.
The storytelling system has been designed to provide users with cultural insights embedded in a multimedial and immersive
geospatial portal. Whether the tourist is exploring physically or virtually the desired historical path, the system will provide
notifications and immersive multimedia information that foster a new sight of the territory: award of the culture and history of
the place thanks to attractive description of the geological, land use, historical and ethnographic contexts.
The technologies used for these developments are: mongoDB, tornado, Android SDK, geoserver, bootstrap, OpenLayers,
HTML5, CSS3. The approach, methodologies and technical implementations will be discussed and presented.
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An analysis of deer habitat on the Swiss Plateau
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1

The red deer is a native species but at the beginning of the 20th century has been nearly extinct in Switzerland. Due to an
improved protection the numbers of red deer are rising and in the last decades the species has recolonized many parts of
Switzerland. The situation of the deer is sensitive. It is therefore important to weight environmental capacities and to
manage deer populations in a balanced way. In order to manage deer populations it is first of all necessary to determine
the deer’s habitat potential which is the main focus of this project.
Currently several methods are used for the determination of deer habitat such as manual counts and mortality statistics.
These methods however do not take into account various environmental aspects. We have therefore chosen to use the
extended Ueckermann method (Bonney, 1991; Ueckermann, 1952, 1960) for the identification of deer habitat on the Swiss
Plateau. This method has never been applied in Switzerland before and it is based on six criteria which are all
independently evaluated on the basis of several environmental parameters such as the shape of forest patches or the kind
of bedrock. Ueckermann’s method yields an estimate of sustainable red deer densities regarding economical value of
forests (between 1.5 and 4 deer / 100 hectares).
Several steps were required to apply this method. At first georeferenced datasets were acquired and analyzed in order to
identify the data that fitted Ueckermanns criteria. Moreover data precision, reliability, homogeneity, malleability were
important measures. Finally four data sets were selected:
The swissTLM3D (swisstopo) a large-scale topographical landscape database of Switzerland which includes land-use data
The geological 1:500’000 atlas of Switzerland (swisstopo)
Forest data from the cantons of Vaud (dendrometric data) and Fribourg (surfaces)
These data sets were used to implement a data analysis process in order to apply the extended Ueckermann method.
Each criterion was processed independently and some hypothesis were established with the help of specialists. (Figure 1)
In order to identify forest patches for instance, minimum dimensions had to be taken into account: A minimum distance of
100 meters that could fit in a surface of at least 25 hectares.

Figure 1. Example of processing steps of one criterion of the extended Ueckermann method.

Moreover as the trees’ height information which is taken into consideration for an another criterion was missing, it had to be
determined using other information such as the stage of forest development, the degree of closure, planned forest
management and the availability of hardwood.
The main result of the data analysis is a synthetic map showing forest areas on the Swiss Plateau and highlighting
potential deer habitat. For each habitat Ueckermanns criteria and points are specified (Figure 2). Although it is still
necessary at this stage to control the results and to present them to forest and wildlife experts, this study demonstrated the
applicability of Ueckermanns extended method on western Switzerland, despite the difficulty of merging together
heterogeneous datasets. All generated data enables stakeholders to take decisions for the protection of this habitat and
allows for a comparison with other data sets such as for instance deer observations.
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Figure 2. Illustration of a forest patch with different calculated criteria.

This study demonstrated the applicability of Ueckermanns extended method on Swiss data. However a main difficulty in the
processing of data was the heterogenity of data coming from the Swiss state and different cantons which can lead to
potential inconsistencies. The approach that the authors have taken in order to apply Ueckermanns extended method can
be used for the analysis of other species’ habitat.
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iDigBio vs. FOSSIL? Closing the gap and franking private fossil
resources into professional databases.
Dr. Ronny Maik Leder1
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The great natural history collections in museums, universities and other academic intitutions all over the world are the
backbone of national and international research in taxonomy, biodiversity and evolution. But getting access to those
resources is mostly limited to academics. The main goal of the Integrated Digitized Biocollections project, in short iDigBio,
is to collect data and images for millions of biological specimens and make them available in electronic format for the
research community, government agencies, students, educators, and the general public. It is the National Resource for
Advancing Digitization of Biodiversity Collections (ADBC) funded by the National Science Foundation (NSF). The bulk of
the collections, especially for fossils, has its origin in private engagement and was donated by private collectors and
enthusiasts. Even the most iconic of fossils (e.g. Archaeopteryx lithographica, von Meyer 1861) stem from the playground
of amateur paleontologists and private collectors. It is hard to imagine how much more may lie dormant unnoticed in private
cabinets. The NSF funded FOSSIL project is focused on getting access to these treasures in building connections in the
paleontological community. It is the core of a big network between amateurs and professionals. How can iDigBio and
FOSSIL get along? While iDigBio is the big online collection for the bio-community, FOSSIL is part of this community. It
helps the paleo-people getting together, communicate in a simple form and tear down boarders between the academics
and the public. It is focused on attracting fossil hunters of all ages and level of experience to participate in academic
research in general and to provide professional digital databases like myFOSSIL and iDigBio with input that was recently
mostly unreachable. To that end, the Fossil Project in partnership with iDigBio has begun training amateurs to fulfill all the
requirements needed to not just get access into the databases but also to be part of the FOSSIL and iDigBio world in
donating their treasures in digital form. As amateurs gain skills, we anticipate increased interest and participation in the
international effort to digitize collections.
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Gravity field modeling in Switzerland
Urs Marti
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(urs.marti@swisstopo.ch)

The Earth’s gravity field has a major influence on all geodetic observation techniques. Classical observations, such as
horizontal and vertical angles, distances and height differences (leveling) have to be corrected for works on a regional or
national scale in order not to introduce systematic errors. But on GNSS measurements as well, the gravity field has an
impact in form of disturbed satellite orbits and the obtained heights have to be reduced by the geoid undulation.
In other disciplines such as geophysics, geology or even archeology, the knowledge of the gravity is useful in the
determination of the structure of the underground and the modeling of the interior of the Earth. In metrology , gravity values
are needed for the calibration of high precision balances, pressure and force meters or atomic clocks. Hydrologists and
glaciologist use gravity to study mass changes such as soil moisture, ground water level or ice melting. Oceanographers
investigate the ocean currents by comparing the physical surface of the sea with the equipotential surface of the gravity
field.
Global gravity field models today are usually constructed out of data from dedicated satellite missions such as GRACE or
GOCE and have reached an accuracy of about 1 mGal. They have the advantage of global coverage, a uniform reference
system and a homogeneous gravity datum. Satellite only models reach a resolution in the order of 50 km and are very
useful for many studies on a global or continental scale. By combining satellite data with terrestrial data, as it is done for
global models such as EGM2008, the resolution can be improved to around 10 km. The monthly GRACE solutions are a
very versatile tool to study global mass change.
Due to the limited resolution of global models, local and national gravity field models are still useful and necessary for most
applications. In Switzerland, the main source for gravity measurements is the database maintained by the University of
Lausanne on behalf of the Swiss Geophysical Commission (SGPK). This data set was used to produce the gravimetric
atlas 1:100’000 (Olivier et al. 2010). Futher sources include the data of the Swiss Geodetic Commission (SGC), the Institute
of Geophysics (ETH Zurich), the University of Lausanne, the University of Geneva, the University of Neuchâtel and
NAGRA.
swisstopo is assembling all these various data sets into one single national database and maintains it in the future. Besides
of archiving the existing data since the 1950ies, further goals are the management of data distribution, the quality
assessment, the detection of outliers, the application of recent reduction formulas and topographic models and to transfer
the data to a modern and uniform reference system.
The actual gravimetric reference network (LSN2004) is based on recent absolute measurements on around 15 stations.
The absolute measurements are repeated at least every 10 years. This basic network is densified by more than 100 relative
stations which are mainly identical to the points of the base network SG95 (Arnet & Klingelé 1997) and are re-observed
regularly. All observations since 1992 are treated in a rigurous least squares adjustment process and the results are
published on the swisstopo website.
The newly compiled gravity data set together with the measured deflections of the vertical and the GNSS/leveling stations
form the basis for a national 3D gravity field model in which the very low frequencies are taken from a global model, the
middle frquencies are mainly given by the measurements and the highest frequencies are calculated out of a digital mass
model.
With this national gravity field model it is posible to predict gravity values with an accuracy better than 1 mGal and vertcal
deflections better than 1 arcsec in most parts of the country. This is sufficient for most applications in geodesy and
metrology without the necessity to perform in-situ measurements.
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Figure 1. Gravity data of Switzerland and surrounding areas.
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Deep-seated landslides are characterized by slow time-dependent movements induced by constant gravitational creep, and
periods of acceleration associated with stress changes within the rock and the pre-existing fracture network. Natural stress
changes are typically caused by seasonal variations in surface temperatures and groundwater pressures, but also by rare
and more violent events such as earthquakes. These processes are responsible for cyclic loading and unloading that leads
to rock mass damage, fatigue and progressive failure with time, and may explain sudden, unexpected rock slope
acceleration phases. In this work, we present a set of distinct-element models to investigate and compare the role of
hydromechanical fatigue and seismic fatigue in the history of a deep-seated landslide. Hydromechanical fatigue arises from
the fluctuation of pore pressure in fractures accompanying periods of significant groundwater recharge. In alpine areas,
there are usually one or two cycles per year associated with snow melt and intense rainfall periods. In the presence of a
deep confined aquifer within the rock slope, the amplitude of pressure fluctuations may reach values of 0.25-0.5 MPa.
Hydromechanical models considering such pressure changes are able to reproduce observed slope accelerationsdecelerations phases. Substantial accelerations may occur even in the absence of a cycle of exceptional amplitude,
depending on the current state of fatigue. At a given time, one or more fractures may be critically-stressed, and a small
change in applied stress is enough to cause local failure and induce a crisis of enhanced slope movement. Similar fatigue
effects have also been proposed for repeated earthquake events in seismically active regions. Unlike hydromechanical
stress changes that occur in a more localized portion of the rock slope, those induced by passing seismic waves involve
the entire rock mass. Moreover, the frequency and amplitude of stress perturbations due to earthquakes are different than
those induced by pore pressure variations, although both likely contribute in combination to the degradation and
progressive failure of large deep-seated landslides when both are present. The results presented illustrate that: i)
assessment of slope stability near critical infrastructure, e.g. hydroelectric reservoirs, should not only consider static
stability, but also failure mechanisms related to fatigue that evolve over time and may result in an apparently stable slope
progressing towards a critical state due to relatively small but repetitive stress changes; and that ii) characterization of
fatigue processes affecting a deep-seated landslide requires multi-parametric continuous monitoring at different observation
points.
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Seasonal variability of rainfall erosivity across Europe and Switzerland
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Modelling soil erosion by water is crucially dependent on rainfall erosivity as a factor considering the erosive effect of
rainfall amount and intensity. Widely used soil erosion models like USLE and its revised version RUSLE comprise the
rainfall erosivity in form of the R-factor. Past studies commonly work on rainfall erosivity either with low time or spatial
resolution of precipitation records as base data (Mikos et al., 2006; Verstraeten et al., 2006). Since a few torrential rainfall
events predominantly control the R-factor and therefore soil erosion sediment yields, a high time resolution (60-1min) is
required to consider short-term events adequately.
Objectives of recent studies are to establish an European-wide R-factor data base and map (Fig. 1) with time resolution of
30min in a dense network of 1541 gauging stations across Europe (Panagos et al. 2015) and special emphasis on 71
stations in Switzerland (10min resolution) (Meusburger et al. 2012). Beyond the mapping of long-term average R-factor,
monthly R-factors are viable to identify seasonal patterns. Even more since monthly R-factors in Switzerland show
significant increasing trends.
In aim of this study is to map monthly R-factors and identify its controlling factors across Switzerland. The results will further
be discussed in a European context.
Congruent with the results found in Switzerland in almost all European countries (excluding Ireland, United Kingdom and
North France), the seasonal variability of rainfall erosivity is high. Even though the spatial pattern varies: in summer the
highest R-factor values are observed in the Northern and Central European countries, while for the Southern European
countries highest R-factors occur from October to January. Identifying the most erosive season (month) decisively
contributes to the mitigation of soil erosion by protecting soil with vegetation coverage and applying appropriate
management practices. A “dynamic” RUSLE (considering the variability of vegetation cover and rainfall erosivity)
accomplishes a more realistic time-dependent risk assessment and thereby selective erosion control practices and decision
making.
The European R-factor map (Fig. 1) identifies lowest factors in Northern Europe (Scandinavia, western UK and eastern
Germany) and highest rainfall erosivity in Mediterranean and Alpine regions. High R-factors areas are corresponding to
localities with highest frequency of thunderstorms (van Delden 2001). Monthly Swiss R-factors in the months May to
October show significant increasing trends within 1988 to 2010 (Mann-Kendall trend test) that correspond to climate change
prognosis with the prediction of a reduction in average summer precipitation accompanied by intensified precipitation
events for many parts of Central Europe and the Alps. Three out of six months (May, September and October) with
increasing tendency correlate to periods of sparse or instable vegetation cover. Increasing soil erosion rates are expected
converging rising R-factors and low C-factors (cover management).
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Figure 1. High-resolution (1-km grid cell) map of rainfall erosivity in Europe (time resolution 5-60min) (Panagos et al., 2015)

REFERENCES
Meusburger, K., Steel, A., Panagos, P., Montanarella, L., and Alewell, C., 2012. Spatial and temporal variability of rainfall
ersovity factor for Switzerland. Hydrology and Earth System Sciences, 16, 167-177.
Mikos, M., Jost, D., and Petkovsek, G., 2006. Rainfall and runoff erosivity in the alpine climate of north Slovenia: a
comparison of different estimation methods. Hydrological Sciences Journal, 51, 115–126.
Panagos, P., Ballabio, C., Borrelli, P., Meusburger, K., Klik, A., Rousseva, S., Perčec Tadić, M., Michaelides, S., Hrabalíková,
M., Olsen, P., Aalto, J., Lakatos, M., Rymszewicz, A., Dumitrescu, A., Beguería, S., Alewell, C. 2015. Rainfall erosivity in
Europe. Science of the Total Environment 511, 801-814.
Van Delden, A., 2001. The synoptic setting of thunderstorms in western Europe. Atmospheric Research 56, 89-110.
Verstraeten, G., Poesen, J., Demaree, G., and Salles, C., 2006. Long-term (105 years) variability in rain erosivity as derived
from 10-min rainfall depth data for Ukkel (Brussels, Belgium): Implications for assessing soil erosion rates. Journal of
Geophysical Research - Atmospheres, 111, 1-11.

Swiss Geoscience Meeting 2015

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 18: Geoscience and Geoinformation

500

P 18.1
Deformation enhanced fluid distribution in the subduction interface:
numerical modelling
Liang Zheng1, Dave May1, Taras Gerya1
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Rock deformation enhanced fluid migration/distribution within the subduction interface is related to many geological/
geophysical phenomena, such as serpentinization, tectonic slicing, episodic tremor, interseismic locking, etc. We study the
fluid-rock interaction using a 2D hydro-mechanical model with the rock fracturing behavior under the poro-visco-plastic
rheology. The math theory, numeric methodology, and numerical results will be shown. Our models generated two typical
regimes, which are coupled and decoupled subduction interfaces. Systematic parameter study suggests that the yield
stress is the key factor, which controls the faulting processes inside the subduction interface. Fluid content, fluid pore
pressure and effective friction are closely related to the coupling and decoupling processes.
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Geological and geomorphological conditions of the Canton Ticino make it an favourable territory for the natural stone
exploitation. In fact, the Canton records numerous historical sites where the stone has been extracted and processed since
centuries, mainly for building construction.
Nevertheless, today, to protect the Ticino’s environment, there is an urgent need to regulate and plan the quarries for the
next decades. A fundamental step in this process is the geometric survey of the sites of exploitation that allows to extract
information useful for defining effective strategies for the sustainable development of the sector.
In this context, the Institute of Earth Sciences at SUPSI is conducting Terrestrial Laser Scanning (TLS) surveys of some
quarries of type Gneiss in the “Riviera” and “Vallemaggia” valleys. This work aims at testing the long range laser scanning
Riegl VZ4000 to support landuse planning.
This scanner combines excellent specifications guaranteeng pure safety (laser class 1).
Relevant technical specifications are:
long range measurements up to 4 km;
high-speed scanning of up to 147,000 points / second;
a scanning range of 60° vertical and 360° horizontal;
the new V-line technology, based on the data acquisition, using reread differentiated signals “echos”, which permit the
classification of the surface relief even in the presence of obstacles such as vegetation.
The surveys of quarries of type Gneiss are conducted with the laser scanner Riegl VZ4000 from different measurement
points that are aligned in post-processing.
The obtained results allow the extraction a series of geometric-dimensional values, like, for example, extracted volumes,
storage volumes and terrain profiles. Data used to evaluate quarry management alternatives and ground stability. The laser
scanning survey is the base for the interdisciplinary study of the exploitation of stone. Its ability to perform accurate surveys
of long range measurements (in the project 1.5 to 4 km) provided tangible benefits to the project results in term of time and
accuracy.

Figure 1. Particular of the scan position in the Lodrino cave
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