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Topic:
Biomass potential of vegetable crop residues and supermarket wastes in North Tyrol –
Profitability, feasibility and closing of nutrient cycles

Research Center(s): Alpine Infrastructure Engineering Unit of Environmental Engineering
People involved: Nora Els, Wolfgang Müller
Funding: Description:

Vegetable farmers of greater Innsbruck area produce a huge amount of harvest residues, which
they have problems to utilize on their fields, due to odor generation, climate effective gas production, nutrient leaching and residents complaints. At the same time, fertilizer prices rise, and
there is a need for soil amelioration in intensive agriculture.
In addition considerable amounts of organic wastes, produced at local retail markets, occur.
In times of enhanced consumer consciousness, retailers are increasingly interested in ecologically sound options for the utilization of these residues.
Also biological household waste, collected by municipal service operators, is currently mixed
with sewage sludge, and thus contained nutrients cannot be used anymore.

The idea is to reuse these waste as resources.
The available amounts of organic materials for biomass digestion from agricultural vegetable
residues, selected municipalities and the local retail shall be cumulated. Possible treatment
scenarios will be investigated in terms of profitability and feasibility. Problems, occurred at the
first field experiments will be reported. The overall idea is to close regional nutrient cycles by
applying the nutrient rich digestate on fields, and eventually save mineral fertilizers. Therefore
the potential regional nutrient demand and plant available nutrient content of the digestate has
to be estimated. It is also important to include technical application possibilities here.
The legal framework for manure application and waste management in Tyrol has to be examined.
The report aims to provide a common state of knowledge as discussion base for stakeholders.

Keywords: biogenic waste, biomass, digestate, nutrient cycle
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Topic: Challenges for Co-fermentation of the organic fraction of residual waste in waste water
treatment plants
Research Center(s): Alpine Infrastructure Engineering
Unit of Environmental Engineering
People involved: M. Gaggl, A. Jank, W. Müller, A. Bockreis
Funding: alpS 10.2014-3.2015
Description: Over the last couple of years it became very common in Tyrol/Austria to use
existing waste water treatment facilities to ferment different kinds of wastes. Mostly pretreated biowastes were put into the digester to increase the biogas-production on the one hand
and to use free plant-capacities on the other hand. As one part of the research project the
question whether and under which circumstances biowaste as co-substrate can be substituted
was posed.
The problem is that more and more countries forbid to use the digest as fertilizer on agricultural fields which leads to the consequence that it has to be deposited on landfills. If done so,
the valuable resource biowaste is taken out of the ecological circle.

Although biowaste is collected separately in Austria, residual waste still contains up to 30%
organic matter but because of the legal situation a material utilization of this organic matter
is not possible. An established treatment of the residual waste is combustion or a mechanical-biological treatment. Bigger waste particles (almost high caloric) are used as refuse derived fuel. Smaller particles (low caloric) including most of the organic matter are biologically
treated and landfilled. In Austria the biological treatment is carried out through aerobic treatment without any energy production.
In this research project we investigated the possibility to ferment the low caloric fraction of
residual waste on waste water treatment plants. The challenge is an adequate mechanical
treatment to efficiently remove the contraries from the low caloric fraction. Usually wet treatment is applied and therefore large amounts of water are necessary. One aspect of the trials
was to investigate synergies at waste water treatment plants by using waste water for the
wet separation and hence minimize the production of additional waste water.
To gain information about the substrate regarding gas potential and content of contraries,
hand sorting of the residual waste before and after the mechanical treatment have been
done. Furthermore the particle size distribution of the contraries was analyzed as a base for
the selection and design of appropriate further separation steps of the contraries from the
organics. On the other hand the biogas production potential of the pretreated low caloric
fraction was analyzed both in terms of gas yield and methane content. The evaluation of the
results allowed conclusions both with respect to the feasibility of the approach and the energetic and sustainable significance on an industrial scale.

Keywords: co-digestion, biogas, organic fraction on municipal waste, contraries, mechanical
treatment
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Topic: Bedload transport in high-altitude mountain streams facing climate change
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Research Center(s): Alpine Infrastructure Engineering
People involved: Stefan Achleitner, Johannes Kammerlander
Funding: Austrian Climate Research Program (ACRP) - 5th Call (07.2013 – 06.2016)
Description: The morphology of mountain streams and therefore the vitality of the ecosystem in our river network are strongly linked to the super-ordinated bedload budget of
the catchment. Since climate change effects hydrology and sediment supply in headwater
streams, responses on the bedload budget and consequently on the stream morphology are
to be expected. This issue is addressed within the research project DevoBeTA-CC, a three
years project funded by the Austrian Climate Research Program.
Focus is put on changes of bedload transport in small alpine catchments and their impact on
the morphology of the receiving mountain streams. However, an assessment of future changes requires knowledge of past conditions. Although data regarding the long-term bedload
budget of headwater streams are generally sparse, an exceptional data base was acquired in
course of the project: the operational records of hydraulic flushings at water intake structures
located in the Tyrolean Alps. Based on these data, annual bedload volumes of 20 small alpine
catchments were quantified for several decades. Summarizing, the long-term mean of annual
bedload volumes exhibits a significant but non-linear dependency on catchment size and glaciation, both regulators of the hydrologic regime. In addition, annual bedload volumes reveal
a high variability and deviate far around their means, even within one study site. This interand intra-site temporal variability can be approximated by suitable probability density functions, which allow for a clustering of different groups regarding sediment supply conditions.
Furthermore, these long-term data enable the development of a modelling framework to accurately predict bedload transport by means of hydraulic and sediment quantities, incorporating site specific and temporal variations of sediment supply. Based on that, a full modeling
chain of climate, hydrology and bedload transport will be set up, in order to assess future
changes due to climate change.

Keywords: Bedload transport, hydrology, mountain streams, climate change
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Topic: Environmental Assessment in the field of waste management
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Research Center(s): Alpine Infrastructure Engineering
Unit of Environmental Engineering

People involved: Maria Ortner, Wolfgang Müller, Anke Bockreis
Funding: Description:
One of the research focuses at the Department of Waste and Resource Management of the
University of Innsbruck lies in the environmental assessment of different waste treatment processes. In the past a number of projects have been conducted applying different assessment
tools, e.g. Carbon Footprinting, Life Cycle Assessment, etc.:

“Ecological evaluation of different options for biowaste treatment”
The greenhouse gas and energy performance of bio-waste treatment plants were investigated for four representative treatment concepts in Europe: composting, biological drying for the production of biomass fuel fractions, full fermentation including a post-rotting
of the solid fermentation residues and the fermentation with a conveyor dryer for the
fermentation residues.

“Ecological evaluation of different options for the collection and utilization of used cooking oil”
An Environmental Assessment and comparison of different collection and utilization systems of used cooking oil from households in Austria and Germany was conducted. The
used cooking oil was collected, processed and utilized in an esterification plant, combined
heat and power plant and as a co-substrate in a biogas plant.
Project funded by: INTERREG Bayern-Österreich

“AshTreaT - Wood Ash Recycling in Alpine Forest”
The research project “AshTreaT” aimed to determine suitable forest areas and reviews
possible options for closing nutrient cycles and recycling loops by applying untreated
wood-ash in alpine forests. A special wood-ash product for woodland melioration was
designed and environmentally assessed.
Project funded by: AlpS (Centre for Climate Change Adaptation Technologies)

Future work in this field will focus on the analysis and application of different Life Cycle Assessment software products in the field of environmental engineering. Further concentration will be
put on the usage of bio-waste and the low caloric fraction of residual waste as a co-substrate
in the fermenter of waste water treatment plants.

Keywords: Environmental Assessment Tools, Carbon Footprinting, Life Cycle Assessment, Waste and Resource Management, Organic Waste, Municipal Solid Waste
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Topic: Challenges in the management of food waste and FOG (fat, oil, grease) in a highly dy
namic environment like Tyrol
Research Center(s): Alpine Infrastructure Engineering , Unit of Environmental
Engineering
People involved: Irene Schneider, Maria Ortner, Carolina Kinzel, Wolfgang Müller, 			
			Anke Bockreis
Funding:
Description:

One of the research focuses at the Department of Waste and Resource Management lies in the
optimized and adapted biological waste management in a highly dynamic environment like Tyrol.

“Challenges in the management of food waste in a highly dynamic environment”
Within the energy mix of the future, methane will play a major role as a universal and
flexible energy source. Because of the extensive tourism in Tyrol a high amount of food
waste and grease from canteens and kitchens are generated. On the one hand, these organic materials present an important resource for biogas plants. On the other hand they
currently cause big technical problems in waste water treatment plants. One task of the
project is the assessment of a newly developed system for the collection and preparation
of food waste. In addition the material from grease separators at canteens should be
made available for the direct utilization in biogas plants. By analyzing the quality of the
prepared food waste the potential of energy recovery will be evaluated. Furthermore,
logistic concepts and waste collection systems will be optimized. Furthermore the vulnerability of these energy resources regarding their effects on climate change and in terms
of their sustainability will be investigated.
Project funded by: AlpS (Centre for Climate Change Adaptation Technologies)

Beside the organic and food waste (generated by industry, agricultural sector, consumer, services and trade) huge amounts of FOG are generated by households, kitchens and restaurants.
The project idea of “Fat2Gas” is dealing with the minimization of problems through an incorrect
disposal of FOG.

“Fat2Gas”
It is still general practice to dispose fatty kitchen waste with the wastewater. This practice results in problems in wastewater management and high energy demand for the
wastewater treatment plants. Separate collection of FOG (fat, oil, and grease) allows
reducing the problems and expenses in the wastewater system and at the same time the
utilization of their inherent energy for production of renewable energy. The idea of Fat2Gas investigates the savings for wastewater treatment as well as the energy gain using
anaerobic fermentation or alternative utilization pathways, respectively.

Keywords: Waste and Resource Management, Organic and Municipal Solid Waste,
Biological Waste Treatment, FOG (fat, oil, grease), Tourism
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Topic: Avaflow: The open source GIS simulation model for granular avalanches and debris
flow
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Research Center(s): Alpine Infrastructure Engineering*, Computational Engineering**
People involved: Shiva P. Pudasaini, Martin Mergili, Wolfgang Fellin *, **, Jan-Thomas Fischer, Johannes Hübl, Karl Kleemayr, Julia Krenn ,Helmut Kulisch, Alexander Ostermann **, Gustavo Queiroz de Oliveira, Christian Scheidl, Gregor Staggl **
Funding: DFG/FWF project (July 2014 – June 2017)
Description:
Gravity driven granular flows (e.g. snow, rock or rock-ice avalanches, debris flows, lahars,
pyroclastic flows, etc.) occur in many mountain areas all over the world and pose a significant
threat to the people. To adequately asses the risk and prevent catastrophic damage it is of
high importance to develop sophisticated physically-based models and efficient, robust numerical schemes.
The project’s goal is to develop a new, open-source software based on the Geo-Information-System GRASS GIS. It will incorporate enhanced physical models that have not been
implemented yet in existing software. These improvements include the extension on arbitrary
mountain topography which is given by the GIS, a two-phase scheme to describe solid and
fluid phases, an adaptive basal surface to accurately account for erosion/deposition, an interface for varying basal friction laws, the influence of (viscous) pore fluids, and more sophisticated physical models that incorporate contemporary material models (e.g. hypoplasticity).
The model shall accurately predict the path of the debris flow, the height, the velocity, the
mass distribution (of solid and fluid phase) and the run-out length.
For validation of the models and calibration of the parameters, there has been attained data
of various real events (e.g. Val Pola rock avalanche, 1987) and with the help of a large-scale
test facility in Munich and high-tech measurement equipment, there can be acquired unique
data (e.g. height, velocity, phase distribution, viscosity) with various physical parameters
(e.g. different soil saturation, varying gravel size).
Keywords: Granular flow, avalanche, debris flow, arbitrary topography, two-phase, opensource, GRASS GIS
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Topic: Quantifying the destructive reach of snow avalanches beyond the dense flow regime

7

Research Center(s): Climate and Cryosphere*, Alpine Infrastructure Engineering**
People involved: Rudolf Sailer*, Wolfgang Fellin**, Matthias Rauter**, Jan-Thomas Fischer,
Matthias Granig , Perry Bartelt, Karl-Michael Höferl, Siegfried Sauermoser
Funding: ÖAW project (4/2015-3/2017)
Description: A long standing problem in avalanche science is to quantify the destructive
potential of the air-blast that arises from snow avalanche motion. This problem is especially
difficult to solve because the air blast extends beyond the reach of the dense flowing core.
For the last 20 years, avalanche dynamics research has concentrated on understanding the
motion of the dense flow regime. Newly developed numerical models for dense flow avalanches (DFA) have become essential tools for hazard mitigation. They are applied extensively in
Austria and Switzerland to delineate hazard maps and design avalanche defence structures.
However, the problem of the avalanche air-blast remains. The main goal of this project is to
test, extend and apply existing dense/powder avalanche dynamics models to predict the destructive force of avalanches beyond the dense flow regime (bDFA). This has large socio-economic impact as it relates directly to hazard zoning and the design of mitigation measures.
The project combines research groups from Austria and Switzerland who have identical questions regarding the problem of avalanches beyond the dense flow regime. At the disposition
of the research groups are (1) well documented case studies in Austria and Switzerland, (2)
two full-scale avalanche test sites that will be instrumented with air-blast pressure sensors
outside the range of the flowing core and (3) two advanced numerical simulation tools for
powder snow avalanches, SAMOS and RAMMS. By comparing these modelling approaches on
different case studies with results from full scale tests, we propose to address the question
if avalanche engineers can use existing models or whether new models are required to describe the granular fluid transition within snow avalanches. A three level assessment will be
performed comprising i) the review and assessment of the computational simulation results,
ii) the analysis and assessment of the full-scale test site experiments and investigation of real
avalanche damages and iii) the analysis of the expert Interviews. Based on this three level
assessment and the analysis of the socio-economic impacts a comprehensive recommendation concerning the improvement of existing simulation models with respect to possible bDFA
processes are the final result of the project.

Keywords: Infrastructure vulnerability, socio-economic impact
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Topic: active mobility and body energy consumption

8

Research Center(s): Alpine Infrastructure Engineering
People involved: Markus Mailer, Stephan Tischler
Funding:
Description: There is a very important relation between body energy consumption and the
attractiveness of active modes of transport (walking, cycling). Different studies have been
carried out in this field already. However, the effects of gradients which are of special interest in Alpine Regions have not yet been investigated. Various aspects such as the distribution
of languages, old streets and foot paths, location of meadows etc. show that Alpine population has a different handling of gradients – especially when looking back into history or other
mountain ranges such as the Andes or the Himalaya. Humans living in Alpine regions tend to
accept steeper gradients – is this still true and what changes can be found when comparing
the situation in a society depending on motorized mobility such as here in Tyrol and inhabitants without access to cars or public transport facilities?
A cooperation with ergonomics/sport sciences could lead to new findings.

Keywords: mobility, traffic, walking, cycling, body energy, ergonomics
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Topic: mobility, traffic and landuse

9

Research Center(s): Alpine Infrastructure Engineering
People involved: Markus Mailer, Stephan Tischler
Funding: e.g. INTERREG Bayern – Österreich (1.6.2013 – 31.3.2015)
Description:
We are working on different aspects in the interaction of mobility, traffic and landuse (in Alpine Regions) in the light of sustainable development.
The current Project “Nachhaltige Wohnstandortwahl (NaWo)” is dealing with the effects of the
choice of residential location on costs for housing and mobility and every day mobility efforts.
Background: Every year, up to 15 percent of the population move to a new place of residence.
The motives for migration are based in the different stages of one’s life: young people tend
to places close to their community, social contacts. As soon as children are born in a household, the living environment becomes more and more important, and elderly people prefer
the availability of medical services, cultural infrastructure and short distances to other family
members. The selection criteria of all migrating people are dominated by the costs of the new
property, rarely by the costs of mobility.
While aspects of sustainable living such as low energy costs have been widely accepted, only
a few people take into consideration the efforts necessary to fulfill one’s personal everyday
mobility at the new place of residence. A new building in a remote or suburban area forces
their inhabitants to high expenditure if they are not willing to change their habitats. Rising
costs for mobility as well as travel time have to be compensated by reducing other activities.

Keywords: mobility, traffic, sustainability, land use, migration
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Topic: mobility, traffic and environment, climate change
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Research Center(s): Alpine Infrastructure Engineering
People involved: Markus Mailer, Peter Brunner, Stephan Tischler
Funding: Description:
We are interested on different aspects in the interaction of mobility, traffic and environmental
issues as well as effects on climate (in Alpine Regions). Several years ago different projects
dealing with traffic noise have been carried out. Future activities can also be focused on emissions and effects of natural disasters on traffic and mobility in Alpine regions.
Motorized mobility actually creates dependencies due to the fact that locations have to be accessible by cars or public transport facilities. Natural hazards such as rock fall or avalanches
are a serious threat with a rising probability of an event – especially for traffic infrastructure
in Alpine regions. Recent cases show that blocked roads and railway lines can be a considerable impact on regional economy and development.
On the other side, there is a rising sensibility for the impacts of traffic infrastructure as well
as emission generated by motorized transport systems on the environment. Higher population densities in the main valleys and the increased awareness for sustainability demand new
methods on the one hand to measure and analyze potential impacts such as traffic noise or
air pollution in an Alpine environment, on the other hand to develop new measures for compliant strategies.

Keywords: mobility, traffic, noise, emissions, environment, climate change, natural disasters
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Topic: INSPIREd Science – Online spatial data infrastructures for science

11

Research Center(s): hydro-IT, alpS GmbH University of Innsbruck: Institute for infrastructure engineering (Lead institute), Institute for structural engineering and material science,
Laserdata GmbH
People involved: Heiko Kinzel, Wolfgang Rauch, Wolfgang Streicher, Markus Mailer, Lothar
Gamper, Paul Stampfl, Frederic Petrini-Monteferri
Funding: ICT of the future - 3. call (requested)
Description: Reliable up-to-date spatial data is the essential base for scientific infrastructure
research and optimization. Current offline data handling makes it very extensive (or even impossible) to ensure such quality data for research projects. Recent developments as the standardization of spatial web services and decentralized spatial storage structures with metadata
search portals (here called after the most important of such projects in the EU the “INSPIRE
approach”) creating an environment for most effective spatial data handling and distribution
for users and suppliers. Together with the political and social trend towards open data a large
online data pool arises. Goal of this project is to equip scientist with the necessary tools and
data management skills to use these systems legally secure in their usual environment.
Therefore a concept for a consistent, INSPIRE compliant scientific spatial data Research Server
including an operator model will be worked out. To proof the concept the Research Server will
be installed to store selected research data and results. The most important spatial data sets
for the scope of this project (sustainable energy and transportation modelling) will be identified
for Tyrol and Vorarlberg as a test Region, harmonized and contacts to potential new data providers will be established. To access this online data pool with research software tools an open
source client access system even for massive parallel simulation runs will be developed.
A better supply with high quality data not only leads to better research results and in consequence to more sustainable systems, but also increases the responsibility of scientists, so a
work package on scientific data management including Data Management Plans (DMP), legal
aspects as privacy protection and accountabilities will be performed. All information and experiences will be compiled into a freely available Best Practice Guide. This guide should allow other
research groups to reproduce the project results and so to benefit and contribute to the new
data source for scientific research.
Keywords: INSPIRE, Spatial data infrastructures, scientific data management, “Forschungsserver für Tirol und Vorarlberg”
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Topic: Dynamic adaptation of urban water infrastructure in response to a changing environment
Research Center(s): University of Innsbruck – Unit for Environmental Engineering
People involved: Christian Mikovits, Alrun-Jasper-Toennies, Thomas Einfalt, Matthias Huttenlau, Wolfgang Rauch, and Manfred Kleidorfer
Funding: Austrian Climate and Energy fund (ACRP)

Description: As the average service life of sewer networks is several decades, planning and
adaptation has to be done in a predictive way. To not only address current problems it is
crucial to assess future conditions. Urbanization, together with climate change, is influencing
the performance of urban drainage systems (i.e. flood risk and discharge to receiving waters). Therefore a framework for an integrated consideration of city development and climate
change is developed. Within this framework city development and climate change will be simulated to give projections until the year 2030 and a prognosis until 2050. Results show that
impact of climate change is in the same order of magnitude as impact of urban development.
Hence an integrated consideration of the entire urban environment is important. The software
framework and the automated generation and analysis of different development scenarios
help to assess uncertainties os such future projections and to avoid wrong decisions in the
process of adaptation planning.
Keywords: flooding, urban development, climate change, scenario analysis, sewer
system, risk
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Topic: Laboratory experiments on soil samples and modeling slope stability

13

Research Center(s): Alpine Infrastructure Engineering
People involved: B. Schneider-Muntau
Funding: Contract research
Description: Slope stability is an important topic in alpine regions. To assess the stability
of slopes three major topics are relevant. First of all an appropriate geometric model has
to be set up which represents the prevailing geology. Second a constitutive equation must
be chosen to describe in a realistic way the relationship between stresses and strains. The
constitutive equations need beside the mathematical formulation also parameters. Those
parameters are determined in laboratory experiments. The geotechnical laboratory has
great expertise in the field of ground investigation and parameter determination especially
for complex problems. Often special investigation methods and experiment set-ups are
developed to specify under realistic conditions the needed parameters.

Keywords: slope stability, laboratory experiments, material parameters, modeling
geotechnical problems
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Topic: Debris-covered glaciers
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Research Center(s): K&K
People involved: Lindsey Nicholson, Christoph Klug, Lorenzo Rieg
Funding: FWF & FFG
Description: Analysis of mass change processes on the debris covered Suldenferner.

We hope to use available digital terrain models obtained from airborne laser scanning to see
(a) what the glacier surface velocity field is, (b) if we can make a first estimate of the debris
thickness distribution on the glacier and (c) is we can work out how much of the glacier mass
change is focused on localized processes such as melting near surface streams.
Keywords: glaciers, glacier melt
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Topic: Debris-covered glaciers
Research Center(s): K&K
People involved: Lindsey Nicholson, Emily Collier
Funding: FWF
Description: Sensitivity of sub-debris glacier ice ablation models

Running a new model of sub-debris ice melt to see how sensitive melt is to different climate
conditions, moisture conditions, grain size, structure.
Its related to permafrost studies and we may end up also comparing our results with those
from a more established permafrost model (called COUP: http://www2.lwr.kth.se/CoupModel/
index.html )

Keywords: glaciers, glacier melt
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Topic: Glacier mass balance

16

Research Center(s): Climate and Cryosphere
People involved: Lindsey Nicholson, Rainer Prinz, Rudolf Sailer, Christoph Klug, Philipp Rastner
Funding: Autonome Provinz Bozen-Südtirol - Provincia autonoma di Bolzano - Alto Adige Amt
für Hochschulförderung
Description: Intercomparison of methods of measuring glacier mass balance at Hochjochferner

We plan to compare glacier mass balance derived from (a) manual measurements, (b) terrestrial laser scanning and (c) satellite snowline approximations and explore how they are related
to each other.
Keywords: glaciers measurement methodologies
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Topic: The sensitivity of the energy and mass balance on tropical Lewis Glacier, Mount Kenya
Research Center(s): Climate & Cryosphere
People involved: Rainer Prinz, Lindsey Nicholson, Wolfgang Gurgiser, Georg Kaser
Funding: FWF

Description: Glaciers in the tropics provide information about regional climate, its dynamics, and its evolution over decadal and century time scales, if their interaction with the atmosphere is understood, and their changes are documented or reconstructed. The glaciers on
Mount Kenya capture a climate signal from atmospheric levels about 5 km a.s.l., where our
knowledge of climate change is scarce and controversial. Changes of tropical glaciers can thus
be used to analyze changes in atmospheric conditions in the mid troposphere.
We use in-situ meteorological and glaciological observations to optimize and validate a physically based, process orientated energy and mass balance model to quantify the exchange processes and their sensitivities between the glacier surface and the atmosphere above. Atmospheric reanalysis data and long term glaciological observations provide a baseline on which
the results of the sensitivity study are interpreted over climatological time scales.

Keywords: energy balance modelling, glacier mass balance, tropical glacier, climatology
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Topic: High resolution glacier monitoring and modelling under climate change conditions

18

Research Center(s): Climate & Cryosphere
People involved: Rainer Prinz, Lindsey Nicholson, Rudolf Sailer, Ulrich Strasser, Philipp
Rastner
Funding: Autonome Provinz Bozen-Südtirol - Provincia autonoma di Bolzano - Alto Adige
Amt für Hochschulförderung - Universität und Forschung: Einzelprojekt wissenschaftl. Forschung
Description: The focus of this project is the quantification of uncertainties in snow and ice
melt contribution to runoff at different defined spatial and temporal scales of modelling. The
research involves the application and evaluation of glaciological and geodetic methods (terrestrial LiDAR) of determining glacier mass balance and runoff from snowmelt at a range of
temporal scales applied to the Hochjochferner in the Ötztal Alps.

Keywords: terrestrial LiDAR, glaciologic glacier mass balance, geodetic glacier mass balance,
runoff modelling, snow cover
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Topic: Spaceborne environmental monitoring of alpine processes

19

Research Center(s): Climate and Cryosphere1), Global Change – Regional Sustainability2)
People involved: Christoph Klug1)2), Lorenzo Rieg1)2), Rudolf Sailer1)2), Clemens Eisank#,
Hannes Kleindienst#
#

Grid-IT GmbH, Innsbruck

Funding: Österreichische Forschungsförderungsgesellschaft (FFG), Austrain Space
Applications Programme (asap), 9. Ausschreibung, Kooperatives F&E Projekt
Description: The availability of very high resolution satellite images opens new possibilities
for the detection of changes in natural environments over large areas and their quantification
on a spatial and temporal scale. The project SE.MAP (Spaceborne Environmental Monitoring
of Alpine Processes) aims at a multitemporal detection and quantification of gravitational and
cryogenic processes in high mountain environments, based on very high resolution Digital
Surface Models and georeferenced images based in Pléiades Tri-Stereo Satellite data.
Especially the shading effects as well as the occurrence of snow- firn- and glaciated areas
place a specific demand on the time of the data acquisition in high mountain areas as well
as on the methods used during the analysis. The resulting horizontal and vertical accuracies
under consideration of ground control points (GCPS) will be calculated and documented.
The verification of the data will be done using established tools based on airborne laser
scanning data, which have already been applied in successfully finished projects. This
direct comparison of technologies will provide valuable information on the quality and
possibilities of use for satellite based, multitemporal monitoring of all kinds of changes in
alpine environments. Furthermore, the smallest possible changes which can be detected with
Pléiades data will be defined.
The ideas for applications and accuracy analysis in mountain areas of the Institutions
interested in the project (see attached LOIs) can be achieved during the project. After the
successful completion of the project, the project partners will have gained a tool which is
applicable worldwide and allows the quantification of a variety of environmental changes and
to quantify the results of those changes.
The strengthening of the scientific competence for the analysis of processes in high mountain
environments as well as the enhancement of the expertise on remote sensing, especially very
high resolution optical satellite data, techniques is expected for the project partners. This will
also be very valuable for the consulting and services provided by the partner GRID-IT GmbH
to its customers.

Keywords: Photogrammetry, tri-stereo satellite data, remote sensing, alpine
geomorphodynamics,
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Topic: Uncertainties of determining meltwater contribution to runoff: introducing the hiSNOW
project (Hochjochferner, Ötztal Alps, Italy)
Research Center(s): Climate and Cryosphere*
People involved: Florian Hanzer*, Christoph Klug*, Lindsey Nicholson*, Claudia Notarnicola#, Rainer Prinz*, Philipp Rastner#, Rudolf Sailer*, Ulrich Strasser*
#

EURAC – Institute for Applied Remote Sensing

Funding: Provinz Bozen, Amt für Hochschulförderung Universität und Forschung: Einzelprojekt wissenschaftl. Forschung
Description: The cryospheric contribution to mountain hydrological resources is likely to alter with upcoming changes in climatic conditions and glacier extents. Therefore, there is a
keen interest in examining the best tools for measuring these changes to develop the most
appropriate model systems for enabling the highest quality projections. The goals of the hiSNOW project are to explore the relative performances of a range of methods of determining
cryospheric runoff that are applicable at various spatial and temporal scales. In particular we
are interested to examine the sources and scale of uncertainties associated with each of the
application. The project area of interest is in the Ötztaler Alps, where assessments of the glacier mass balance of Hochjochferner will be undertaken simultaneously for 2014-2015 using
(i) glaciological methods, (ii) geodetic methods using high resolution terrestrial laser scanning (TLS) and (iii) remote sensing methods based on determining accumulation area ratios
from LANDSAT imagery. Over a wider area the AMUNDSEN snow cover and hydrology model,
driven by Integrated Nowcasting through Comprehensive Analysis (INCA) meteorological inputs, will be used to compute snow cover and runoff for the period 2003-2014. The outputs
of these model runs are finally also compared to daily snow cover maps at a 250 m resolution derived from MODIS imagery. Validation data from extensive field measurements and
available river gauge data is utlized to evaluate the performance of each of these approaches
of investigating cryospheric water stores. Finally, the derived meltwater release will be compared at a range of possible temporal and spatial scales to assess their relative performance
for various hydrological applications.

Keywords: Alpine hydrology, glaciology, remote sensing, laser scanning
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Topic: High resolution spaceborne studies of mass balance processes on glaciers of the
Khumbu Himal, Nepal

21

Research Center(s): Climate and Cryosphere1), Global Change – Regional Sustainability2)
People involved: Christoph Klug1)2), Lorenzo Rieg1)2), Rudolf Sailer1)2), Lindsey Nicholson1),
Anna Wirbel2)
Funding: Österreichische Forschungsförderungsgesellschaft (FFG), Austrain Space Applications Programme (asap), 11.Ausschreibung, Kooperatives Projekt der Grundlagenforschung
Description: Debris-covered glaciers make up about 80% of the glacierized area in the
Khumbu Himal region of the Nepalese Himalaya, and, in the absence of in situ measurements, remotely sensed geodetic mass balances based on digital surface model (DSM) differencing offers the best means of measuring current change in these glaciers. The role of
different processes contributing to the mass change of debris-covered Himalayan glaciers is
currently poorly understood. In particular, avalanched snow is known to contribute significantly to accumulation, and rapid melting at exposed ice faces within the debris covered zone are
thought to significantly influence the total glacier ablation, but both of these processes remain
unquantified at the glacier scale.
In the proposed project GlHima-Sat, we aim at exploring the utility of very high resolution
tri-stereo Pléiades imagery in quantifying these processes and determining their contribution to annual glacier mass balance. DSMs of the highest possible accuracy and precision will
be produced for the study area, which encompasses 780km² of the main Himalayan divide
including 5 southward flowing glaciers of varying size and complexity. Three sets of Pléiades
tri-stereo data will be acquired for the study area, to enable analyses based on differencing
DSMs over both the monsoon and non-monsoon seasons. Pixel and object based surface
classification will be used to assist with the interpretation of the data. We will (i) estimate
the volume of snow in the avalanche cones within the regions, and relate these volumes to
topographic properties, (ii) compute the volume change over avalanche cones and at exposed ice faces within the debris cover on the five study glaciers and (iii) compute the geodetic
annual mass balance for these five glaciers. These analyses will test the capabilities of the
Pléiades data for studying high resolution glaciological processes, while the volume estimation
of avalanche cones, supplemented by analysis of avalanche frequency from freely available
satellite data over the last decade will provide the first estimates of the regional pattern of
avalanche accumulation. The analysis of mass balance and glaciological processes will allow
an assessment of the importance of both avalanche accumulation and ice face ablation to total glacier mass balance, and by comparing 5 different glaciers, how the role of these processes may vary depending on the glacier size and accumulation characteristics.
Keywords: Remote sensing, Pléiades tri-stereo images, glacier mass balance, debris-covered
glaciers
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Topic: Investigating potential precipitation changes and related impacts on small-scale farming in mountain villages, Cordillera Blanca, Peru
Research Center(s): Climate and Cryosphere*
People involved: Wolfgang Gurgiser*, Marlis Hofer*, Irmgard Juen*, Simone Schauwecker,
Georg Kaser*, Katrin Singer, Martina Neuburger
Funding: FWF/DFG project (02.2012 – 05.2015)
Description: Small scale subsistence farmers on the slopes above the city of Huaraz in the
Peruvian Cordillera Blanca attribute recent challenges in agricultural production, in part, to
decreasing precipitation during the early crop cultivation period in August and September. In
general, local climate is characterized by low annual variation in air temperature but a strong
seasonality in precipitation. While the driest conditions prevail in June and July, precipitation
increases gradually towards the October to April wet season, with strong topographically induced gradients.
For farm fields without access to river-fed irrigation, on-site precipitation is a crucial prerequisite for any kind of cultivation. Because seeding occurs soon after the core dry months,
cultivation is highly vulnerable to potential alterations in the transition period from dry to wet
conditions. However, there are other factors complicating the attribution of the agricultural
changes: there is evidence for intense deforestation (that may cause increased soil erosion
and reduced water storage capacity) and there are indications for the transition from traditional to industrial seed products. The resulting impacts may be similar to those of altered
precipitation characteristics. Within our work we study potential precipitation changes.

The availability of meteorological information for proving precipitation trends is generally very
poor for our study region. Nevertheless, we currently investigate the potential of connecting
ground measurements with the output from a global atmospheric circulation model. If data
accuracy is insufficient, we need to explore more sophisticated atmospheric modelling. An
equally promising approach would be studying the impact of land use and seed type changes
by experts in these fields for synopsis.

Keywords: Alpine meteorology, climate change, climate vulnerability
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Topic: Ecophysiological characterization and metabolic stress response of the freshwater red
alga Batrachospermum turfosum Bory (Rhodophyta, Florideophyceae) to enhanced UV - A and
UV - AB irradiation highlight activation of ancient photoprotective mechanism
Research Center(s): Plant Biochemistry and Metabolism
People involved: Aigner Siegfried, Erwann Arc, Klaus Herburger, Andreas Holzinger, Ilse
Kranner
Funding: Description:

The colonization of terrestrial freshwater habitats was a pivotal event, requiring numerous
evolutionary innovations to facilitate survival in this new environment. The transition occurred
from marine via freshwater to a terrestrial life style, where algae were exposed to harsh and
strongly fluctuating abiotic factors, including intense irradiation, desiccation and nutrient deprivation. Here, we show that different molecular photoprotective mechanisms help the filamentous freshwater alga Batrachospermum turfosum (Rhodophyta, Florideophyceae) cope with
enhanced ultraviolet (UV) A and UV - B irradiation.
The ecophysiological performance of this alga has shown acclimation to low-light and cool-temperate environments and metabolic changes during an UV - treatment were analysed. Fatty
acids, primary and secondary pigment compositions as well as the induced synthesis of antioxidant photoprotective compounds were separated with chromatographic methods and analysed
with mass spectrometry applications.
Our results highlight the evolution of several metabolic pathways in freshwater red algae and
show the requirement for regulated synthesis of photoprotective compounds, which is an ancient relict and seems not to be required nowadays. These metabolic pathways are revitalised
if exposed to enhanced UV - irradiation.
We suggest that red freshwater algae have evolved molecular strategies for photoprotection
during their transition from the marine to the terrestrial habitat, although they inhabit and are
adapted to light - deprived environments. The regulation of light absorption and the synthesis
of antioxidant mycosporine-like amino acids are essential metabolic strategies to cope with
enhanced UV-radiation.

Keywords: Biological evolution, Rhodophyta, UV-irradiation, Photoprotectants, Mycosporine-like amino acids, MAAs, reactive oxygen species, ROS
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Topic: Maximum heat tolerance of alpine plants: (1) Methodological, physiological and biochemical aspects; (2) Heat tolerance of alpine plants in the context of global warming.
Research Center Ökologie des Alpinen Raums, Institute of Botany, Unit Functional
Plant Biology, Research Group Stressphysiology & Climate Resistance

People involved: Othmar Buchner*, Gilbert Neuner, Andreas Holzinger, Ilse Kranner, Matthias Karadar, Tim Moser, Magdalena Stoll, Joy Gertzen, Stefanie Schenk
Funding: Austrian Science Fund, project No. P22158-B16
Description: Studies on the frequency and severity of heat stress in alpine plants are rare.
In the European Alps, particularly at high elevation, the increase in atmospheric temperature
was found to be twice of that than estimated for other places on the globe. It is highly probable that the increase of global temperature will continue and heat stress will become even
more significant for alpine plants. For future risk assessment it is required to gain knowledge
about the heat vulnerability of alpine plants and on their ability to cope with changed climatic
conditions.

In a first step it was necessary to refine the methods for determining heat tolerance of plants.
In 2010 we developed a new device, the Heat Tolerance Testing System (HTTS). The HTTS
allows us to determine heat tolerance of plants in situ under the influence of natural solar irradiation. Our results with the HTTS indicate that heat tolerance of plants is often several degrees (°C) higher than that assessed by conventional methods that use excised plants parts
exposing them in darkness. Furthermore, by use of the HTTS, recuperation from heat stress
can be studied at the natural growing site and so the results obtained are highly ecologically
significant.

For risk assessment, knowledge of the species-specific maximum heat load, maximum heat
tolerance and of the heat hardening capacity is necessary. Comprehensive measurements
of leaf temperatures during the last few years have shown that particularly in alpine dwarf
shrubs - already at present - leaf temperature maxima occasionally may exceed the temperature thresholds causing initial injury of leaf tissues.

Additionally, we could demonstrate that short-term heat spells (30 min) where plants got
exposed to a controlled sub-lethal heat treatment, may lead to significant long-lasting (>1
week) reductions of photosynthetic performance with respective yield losses. The presence
of natural solar irradiation during short-term heat exposure was shown to have protective
effects on photosynthetic functions and in general on heat tolerance of leaf tissues. Recent
studies on Vaccinium gaultherioides leaves revealed significant effects of irradiation intensity
on the overall heat hardening capacity, xanthophyll cycle pigments and on the pool of antioxidants such as glutathione and ascorbate.

Adaptive mechanisms at the physiological, biochemical and ultrastructural level are key players in heat survival of plants but still all are only poorly understood – improving our knowledge in this respect in future research projects will allow better predicting the future response
of plants to changing climatic conditions.
Keywords: Global warming, heat stress, photosynthesis, ROS-scavenging, risk-assessment, water potential
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Topic: Non-invasive assessment of viability in the alpine lichen Pseudevernia furfuracea using
infrared thermoimaging
Research Center(s): Institute of Botany*
People involved: Beatriz Fernández-Marín*, Gerald Kastberger, Othmar Buchner*, José
Ignacio García-Plazaola*, Ilse Kranner*
Funding: European FP7, Marie Curie, MELISSA project (03.2014-03.2016)
Description: < 400 words
Lichens are symbiotic organisms composed of a fungus and of at least one microscopic alga
or cyanobacterium. They are generally desiccation tolerant, which means they are able to
equilibrate with ambient relative humidity and to revive from the desiccated state when water
becomes available again. Additionally, many lichens species are able to survive in extreme
environments. Mechanisms of desiccation tolerance in photosynthetic organisms have been
mainly studied in seeds, and in vegetative tissues of desiccation tolerant higher plants, ferns
and mosses, whereas lichens have received less attention.
Based on a previous study on seeds in which infra-red thermography (IRT) was used to
predict during the first hours of water uptake whether or not a seed is viable and able to
germinate, we aimed (i) to use IRT for the assessment of tissue viability in lichens and (ii) to
match the thermal fingerprints to main key metabolic changes during desiccation-rehydration
cycles using Pseudevernia furfuracea as a model lichen. The development of non-invasive
tools to assess the viability of seeds and lichens could be of considerable value for science
and industry, including the seed trade and the perfume industry.
We compared live, dead and stressed thalli and found that the thermal fingerprints of live
thalli differed significantly from those of dead and stressed thalli during desiccation and
rehydration. Metabolomics analyses of live, stressed and dead samples are underway to link
thermal fingerprints to metabolic events.

Keywords: desiccation, infrared, lichen, rehydration, viability
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Topic: ClimAgro- understanding the anthropogenic and natural drivers of water balance in changing alpine grasslands using a network of small-scale lysimeters
Research Center(s): Ecology of the Alpine Region

People involved: Georg Frenck1, Georg Leitinger1, Christian Newesely1, Klaus Obojes2, Ulrike
Tappeiner1,2, Erich Tasser2
1

Institute of Ecology, University of Innsbruck

2

Institute of Alpine Environment, EURAC Bozen-Bolzano

Funding: Autonomous Province of South Tyrol
Description: Technological and social development, land-use strategies and environmental
changes strongly affect the degree of utilisation in alpine agro-ecosystems. Equally, the functioning of these systems and the services they provide are also subject to the same set of
drivers. Patterns of biodiversity, productivity, nutrient and water cycling vary distinctively along
the gradients of agricultural intensity and environmental characteristics. Defining the interplay
of the anthropogenic and natural drivers which influence the different components of the water
balance in alpine ecosystems, hence, is essential for informing long-term projections concerning the provision of freshwater from mountain regions. Employing a network of small-scale
lyismeters established in 2014, the ClimAgro project will investigate how management intensity and environmental change may affect the ecological components of water cycling in alpine
grasslands. The data gathered within ClimAgro, comprising also manipulations of temperature,
precipitation and agricultural intensity, will characterise changes in the individual players of
ecological water cycling and allow decomposing the hydrological coupling of the soil-plant-atmosphere system. The combination of in situ manipulation and transplantation of vegetation
monoliths will further allow outlining methodological differences in the two major approaches
used to investigate climate change effects on vegetation properties.

Keywords: climate change, land-use change, ecosystem function, eco-hydrology, alpine grasslands
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Topic: Rust fungus infection of Norway spruce
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Research Center(s): Ecology of the Alpine Region
People involved: Stefan Mayr, Andrea Ganthaler; Department of Botany
Funding: AlpS-COMET-project (01.2013-12.2015), Stipendium des Vereins zur Förderung der
wissenschaftlichen Tätigkeit von Südtirolern an der Universität Innsbruck

Description: Norway spruce trees in the subalpine forests of the European Alps are frequently
attacked by the needle rust Chrysomyxa rhododendri. The consequences are diminished timber
yield, cripple growth and seedling dieback. In cooperation with the Landesforstdirektion Tirol,
Waldpflegeverein and the Landesforstgärten Tirol, resistant trees will be identified and sampled
for scion rooting. The dynamics of infections as well as causes for resistance will be analysed.
Research activities focus on
•

Identification and selection of Chrysomyxa resistant trees

•

Scion rooting for growth of a resistant mother garden

•

Development of resistance tests

•

Monitoring of infection dynamics

•

Analysis of resistance mechanisms

•

Analysis of needle metabolites

•

Development of afforestation strategies

Keywords: Chrysomyxa, Picea abies, resistance, rust infection
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Topic: Super-resolution microscopy unmasks the flexibility of cell walls in alpine green algae.
Research Center(s): Ecology of the Alpine Region*
People involved: Klaus Herburger*, Andreas Holzinger*
Funding: FWF projects P24242-B16 and I 1951-B16 to A.H.

Description:About 460 million years ago, streptophyte green algae belonging to the Zygnematophyceae colonised terrestrial habitats, which was one of the most pivotal events in the
history of life on Earth as it gave rise to the whole line of land plants. Today, still some of these
aero-terrestrial green algae occur in harsh alpine habitats, where they are frequently exposed
to water scarcity. Zygnema, the largest genus of the Zygnematophyceae, often represents a
major component of biological soil crusts in the Alps, where they exert a considerable influence
on carbon fixation, nitrogen cycling, water retention, dust trapping, and restricting erosion and
desertification. Although aero-terrestrial green algae fulfil important ecological tasks, little is
known on their strategies to cope with water stress, involving dramatic mechanical strain of the
sensitive protoplast. We test whether flexible cell walls help to withstand unpredictable fluctuations in water availability by allowing the protoplast a controlled shrinkage during desiccation
and expansion upon rehydration. To identify flexibilizing cell wall polysaccharides and proteins
at the nanoscopic level, we use immunocytochemistry and state-of-the-art gated stimulated
emission depletion (gSTED) microscopy. This technique combines a dramatically high resolution
far below the diffraction limit with the possibility to visualize whole plant cells in 3D. gSTED
microscopy is very sensitive to auto-fluorescent molecules such as chlorophylls and accessory
pigments. The excitation of these pigments with class 4 gSTED lasers causes excessive heating
and structural damage. Therefore we develop fluorescence quenching methods for the fixation
protocols. We consider the precise visualization of single polysaccharides and proteins within
algal cell walls to be crucial for understanding cellular adaptations to changing environments.

Keywords: Streptophyte green algae, Zygnema, gated stimulated emission depletion (gSTED)
microscopy, nanoscopy, immunocytochemistry

Ecology of Alpine Region

33

29

Topic: Imaging-PAM visualizes the photosynthetic performance in green algae at the cellular
level.
Research Center(s): Ecology of the Alpine Region*
People involved: Klaus Herburger*, Andreas Holzinger*
Funding: FWF projects P24242-B16 and I 1951-B16 to A.H.

Aero-terrestrial green algae belonging to the Zygnematophyceae and Klebsormidiophyceae are
frequently exposed to water scarcity. This requires strategies to withstand lethal water loss
from the protoplast and maintain photosynthetic performance. As shown with traditional pulse
amplitude modulation (PAM) fluorometers, desiccation stress decreases photochemical quenching (i.e., Y(II)) in aggregates of algal filaments and subsequent rehydration recovers Y(II).
However, these studies did not estimate the effect of desiccation and rehydration on a cellular
level. Therefore, we apply a combination of an Imaging-PAM with a microscope, which provides
a drastically high resolution of Y(II), at a final magnification of 400x. This allows to show whether cells within one filament reduce their Y(II) uniformly or cell wall flexibility, cell morphology,
and age influence the response to desiccation significantly. Furthermore, the water-holding
capacity of adjacent filaments can be compared with individual filaments. In some green algae,
cell age, prolonged desiccation stress, or nutrient starvation triggers the formation of special
resistant cells termed akinetes. They differ drastically from vegetative cells within the same
filament in terms of morphology, ultrastructure and biochemistry. Microscopic Imaging-PAM
allows comparing these two cell types in their response to abiotic stress on a cellular level. We
are confident that visualizing the photosynthetic performance under microscopic resolution provides new insights in how cellular features contribute to withstand environmental stress.

Keywords: Ecophysiology of photosynthesis, cell biology, effective quantum yield of PSII
(Y(II)), desiccation stress, aeroterrestrial green algae
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Topic: Microbes on high-alpine sites: biogeography of prokaryotic abundance, diversity and
soil functions across an altitudinal transect
Research Center(s): Ecology of the Alpine Region*

People involved: Katrin Hofmann, Sieglinde Farbmacher, Nadine Praeg, Andreas O.
Wagner and Paul Illmer*
Funding: Austrian Climate Research Program (ACRP) (01.04.2014-31.01.2016)
Description: Elevational studies of plants and animals have been conducted for centuries
and date back to the beginnings of biogeography. However, so far these patterns have not
been intensively studied for microorganisms. Therefore, we investigated archaeal and bacterial
abundance and microbially-mediated soil functions across an altitudinal gradient ranging from
2700 to 3500 m above sea level on the south-western slope of Mount Schrankogel, Austrian
Central Alps. Each of the three vertical zones investigated, is characterized by unique plant
communities and included (1) the alpine ecotone (2700 to 2900 m), (2) the alpine-nival ecotone (3000 to 3100 m), and (3) the nival ecotone (3200 to 3500 m). Soil bacteria and archaea
are quantified using quantitative PCR (qPCR). Moreover, microbial biomass and soil enzyme
activities drawn back to microorganisms are measured. To connect abundance and functionality
to possible drivers, soil physicochemical characteristics are measured. First promising results
indicate a decrease of prokaryotic abundance as well as activity along the altitudinal gradient.
To obtain insight into the phylogeny of soil microbes along this altitudinal transect, analyses of
archaeal and bacterial community structures and diversities via high-throughput sequencing
are planned.

Keywords: alpine soil; altitudinal gradient; archaea; bacteria; microbial activity;
qPCR
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Topic: Spatial patterns of methane-cycling microorganisms in soils of an altitudinal gradient
Research Center(s): Ecology of the Alpine Region*
People involved: Katrin Hofmann and Paul Illmer*
Funding: Austrian Climate Research Program (ACRP) (01.04.2014 - 31.01.2016)

Description: Both, methanogenic (methane-producing) as well as methanotrophic (methane-consuming) microorganisms are important key players responsible for the turnover of the
greenhouse gas methane (CH4) in soils. Traditionally, methanogenic archaea were thought to
be restricted to anoxic environments. However, nowadays an increasing body of research supports the hypothesis that methanogens are capable to survive in aerobic soils. The purpose of
our study is to reveal whether and to which extent microorganisms involved in the global CH4
cycle are present in high-altitudinal soils, and to assess their spatial distribution along an altitudinal gradient ranging from 2700 to ~3500 m above sea level on the south-western slope of
Mount Schrankogel, Austrian Central Alps. The three ecotones present along the slope are characterized by unique plant communities and included (1) the alpine ecotone (2700 to 2900 m),
(2) the alpine-nival ecotone (3000 to 3100 m), and (3) the nival ecotone (3200 to app. 3500
m). 16S rRNA gene abundance of various methanogenic orders and pmoA gene abundance of
methanotrophic bacteria are measured via quantitative PCR (qPCR). Moreover, both the methanogenic and the methanotrophic potential activities of these soils are determined. Methanogenic and methanotrophic community structure and diversity of soils along this gradient will
be assessed using high-throughput sequencing. To connect abundance of methane-cyclers as
well as the associated activities to environmental conditions, physicochemical soil properties
are also determined.

Keywords: alpine soil; altitudinal gradient; methanogenic archaea; methanotrophic
bacteria
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Topic: Structural ice barriers enable deep supercooling of bud meristematic tissues
Research Center(s): Ecology of the Alpine Region*, Institute of Botany, Unit Functional Plant Biology, Research Group Stressphysiology & Climate Resistance
People involved: Edith Kuprian*, Gilbert Neuner*
Funding: FWF project (P23681-B16)
Description:

The risk of frost damage to alpine plants increases significantly with increasing elevation [1, 2].
Therefore special protective strategies are necessary not only to sustain freezing stress in order
to guarantee vegetative growth, but also to protect the ice-susceptible reproductive organs to
ensure a successful sexual reproduction.
Woody alpine dwarf shrubs such as Calluna vulgaris (Scotch heather) protect their reproductive
buds, flowers and fruits even during summer by supercooling from frost damage [3]. In Norway
spruce (Picea abies) overwintering buds meristems exhibit deep supercooling. This means that
the reproductive organs and bud meristems can stay ice-free, even though they are exposed to
subzero temperatures (in extreme down to -40°C). Ice nucleation starts usually in the apoplast
of the vegetative parts and propagates fast throughout the vessels. So an ice barrier is needed
that impedes the ice from entering into the reproductive shoots or bud meristems and enables
these tissues to supercool. IDTA (infrared differential thermal analysis) recordings revealed a
structural barrier at the base of the pedicel which remains active throughout the whole growing
season and all reproductive stages of Calluna vulgaris [3] and just below the bud meristem of
P. abies [4].
The next step will be the histological and anatomical characterization of ice barrier tissues
(co-operation with David Livingston and Tan Duy Tuong from the North Carolina State University, who apply a special embedding, cutting and 3D-modeling to Calluna vulgaris and Picea
abies). Current sequences of longitudinal and cross sections of Calluna vulgaris and Picea abies
buds show a very special histological composition. First images reveal cytological peculiarities
(cells in this area are tightly packed, lack intercellulars, show thickened cell walls and the xylem
vessels seem to be alive and in progress of building up the secondary cell wall) in the transition
zone between the vegetative part and the reproductive tissue and the bud meristems, respectively, forming a barrier against the spread of ice. Additionally, currently undertaken molecular
investigations aim at the analysis of cell wall components in the ice barrier tissue and anti-ice
nucleating substances in supercooling tissues.
Structural ice barriers may also play an important role in other species, as they serve as an
effective mechanism to avoid freezing and to allow supercooling in extreme down to -40°C in
certain plant tissues.
Keywords: frost survival, supercooling, structural ice barrier, infrared differential thermo
analysis
[1] Taschler, D. & Neuner, G., 2004. Summer frost resistance and freezing patterns measured
in situ in leaves of major alpine plant growth forms in relation to their upper distribution
boundary. Plant, Cell & Environment, 27(6), pp.737–746.
[2] Larcher, W. & Wagner, J., 2009. High mountain bioclimate: temperatures near the ground
recorded from the timberline to the nival zone in the Central Alps, Contrib Nat Hist.
[3] Kuprian, E. et al., 2014. Ice barriers promote supercooling and prevent frost injury in reproductive buds, flowers and fruits of alpine dwarf shrubs throughout the summer. Environmental and Experimental Botany, 106, pp.4–12.
[4] Kuprian, E. & Neuner, G. unpublished
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Topic: Hydraulics of alpine plants

33

Research Center(s): Ecology of the Alpine Region
People involved: Stefan Mayr, Barbara Beikircher, Guilaume Charrier, Katline Charra-Vaskou,
Markus Nolf, Adriano Losso; Department of Botany
Funding: FWF, Sparkling Science, ÖAW
Description:
Alpine plants are exposed to a harsh environment, which can locally or temporary limit plant
hydraulics. For instance, soils may not be developed sufficiently, soil frost can block water uptake for months and freezing stress can affect the water transport system. In several ongoing
projects, we analyse hydraulic limitation as well as hydraulic adaptations and escape strategies
of alpine plants with a special focus on timberline trees. Main research topics are the hydraulic
architecture of alpine species, drought and freeze-thaw induced formation of embolism and its
repair, the hydraulics of conifer needles and roots as well as stomatal and cuticular transpiration, anatomical adaptations and changes of structural and functional parameters with elevation.
Alpine systems represent an ideal model system enabling general insights in physiological and
ecophysiological traits. Knowledge on plant hydraulics is also relevant in the light of expected
climate change and with respect to the important ecological and socio-economic functions of
alpine vegetation.
Keywords: hydraulic architecture, drought, freezing, embolism, timberline, conifers
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Research Center(s): Institute of Botany, Leopold-Franzens-Universität-Innsbruck
People involved: Thomas Roach, Ramona Miller, Siegfried Aigner, Ilse Kranner
Funding: Alpiner Raum
Description:
Dissolved organic carbon excited by UV-B radiation produces the reactive oxygen specie (ROS)
hydrogen peroxide (H2O2) and diurnal cycles of H2O2 have been found in various low altitude
fresh water bodies. Due to strong intensities of UV-B at high altitudes, alpine lakes, mires and
streams could be subjected to large fluctuations in the level of H2O2. Our previous work has
shown that exposure of photosynthetic organisms to excess light also causes the production
H2O2 in the chloroplast. As one of the most stable and longest-lived ROS, H2O2 is involved in
key signalling pathways of organisms used in development and stress responses, although in
excess can induce oxidative damage and high H2O2 concentrations must be prevented. Environmental H2O2 concentrations could be an ecological driver affecting species composition as
certain cyanobacteria are particularly sensitive to H2O2, whereas eukaryotic algae are more
tolerant.
Under excess light photosynthetic organisms induce non-photochemcial quenching (NPQ),
which dissipates excess light energy harmlessly to heat. A ubiquitous response of eukaryotic
organisms to high light is the induction of the xanthophyll cycle, which in higher plants contributes to NPQ, but its role in algae is unclear as it is not always associated to NPQ induction.
Initial studies within the vicinity of Innsbruck have shown that the diurnal changes of H2O2 concentrations were regulated by algae and those H2O2 concentrations correlated with the activation of the xanthophyll cycle, indicating certain xanthophylls have a protective antioxidant role
of the thylakoid membrane. We aim to reveal the diurnal changes in the level of H2O2 in a wide
variety of alpine water bodies and investigate the protective mechanisms of fresh water algae.

Keywords: Photosynthesis, hydrogen peroxide, diurnal cycle, redox control
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Topic: The effect of grazing on methane flux in forested environments
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Research Center(s): Institute of microbiology*
People involved: Mira Mutschlechner*, Nadine Präg*, Katrin Hofmann*, and Paul Illmer*
Funding: Tyrolean government (Department for Forest Protection)
Description: Methane (CH4) is of profound global interest as a potent greenhouse gas that is
emitted from anthropogenic and natural origins. Studies on methane emissions from natural
environments have primarily focused on wetlands representing hotspots of CH4 production,
whereas less attention has been devoted toward upland ecosystems that cover far larger areas. Aerated upland soils are generally considered to be net sinks for atmospheric CH4, with
its uptake being mediated by methanotrophic bacteria that play a decisive role in the global
carbon cycle by mitigating methane emissions. Despite rather inhospitable conditions, upland
soils can also act as net methane sources dependent upon the relative rates of methanogenic
and methanotrophic activities (CH4 production and consumption, respectively). Based on our
previous findings, forested environments (unlike grasslands) constitute a biological sink for
methane exerting a positive (extenuating) effect on global warming and climate change. As the
soil sink strength is microbially mediated, however, it is sensitive to anthropogenic influences
and disturbances by land management. Considering the changing land use forms, on-going
studies focus on the impact of both, forest and grazing land, on the flux rates of methane.
Four local study sites (± grazed areas) have been chosen that are subsequently characterized
by profound analyses regarding soil- and microbiological properties. With the purpose of evaluating the CH4 production and oxidation potentials, in situ measurements are conducted and
causally linked to the site-specific, abiotic and biotic factors. Further studies shall ultimately
contribute to improve the understanding of microbial community structures using common molecular-biological techniques (e.g., DGGE, q-PCR), which are intended to provide an insight into
abundance, activity and diversity of the indigenous micro-organisms, and thus a detailed, multifactorial picture regarding the impact of grazing on methane flux in forested environments.

Keywords: methane, grazing, land use, methanotrophic bacteria, methanogenesis
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Topic: Examining Cormorant feeding behaviour in the Alpine Foreland by molecular and micro
elemental means
Research Center(s): Institute of Ecology, Applied and Trophic Ecology (Innsbruck)
People involved: Johannes Oehm, Bettina Thalinger, MichaelTraugott
Funding: FWF-project (01.01.2012 – 31.12.2015)

Description: The perennial predation pressure of fish-eating animals on fish stocks in Alpine
freshwaters is heavily disputed and therefore a sound knowledge of the feeding ecology of
these piscivors is needed to estimate their impact on fish populations.
One important aspect of trophic ecology is the general identification of prey on a species-specific level and the detection of temporal variations in the predators’ feeding behaviour. Previous
examinations based on indigestible fish remains in faeces or regurgitated pellets, addressed
these aspects incompletely. Therefore, we developed a molecular system enabling fish identification on a species-specific level. Regurgitated pellets of cormorants (Phalacrocorax carbo
sinensis) were collected fortnightly at Lake Chiemsee (Germany) and analysed using a series of
multiplex PCR assays. In a first step, short DNA fragments of fish were detected and identified
on a family-specific level. In a second step, the consumed fish were identified on a species-specific level. This approach, combined with the narrow sampling interval, makes it possible to
detect changes in cormorant feeding behaviour at unprecedented detail. Furthermore, these
data enable the examination of relationships between fish phenology and cormorant feeding
behaviour. It can be shown that certain families and species are consumed at times when they
are predicted to be easily accessible to cormorants.
Another important aspect of cormorant feeding ecology, which has not been studied yet, is
from which water bodies these birds take their prey. Hence, we aim to determine the birds’
foraging range using prey remains found in the collected cormorant pellets. We make use of
waterbody-specific micro-chemical signatures incorporated in these fish hardparts (particularly
fish ear-stones) to provenance the fish prey of cormorants. The differences in water chemistry
between potential feeding grounds around lake Chiemsee and their reflection in the fish’s earstones were investigated by establishing a reference database for water and fish. Elemental
patterns and 87Sr/86Sr isotope ratio were measured via inductively coupled plasma mass spectrometry (ICP-MS). This database allows allocating prey hard parts out of the birds’ pellets to
their water body of origin and, consequently, to determine the birds’ foraging range.

Keywords: piscivory, cormorant, Phalcrocorax carbo sinesis, prey species identification, molecular gut content analysis, foraging range, otolith chemistry
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Topic: Rhizosphere – hot spot for climate change: interactions of methanogens and
methanotrophs with plants in aerobic upland soils of Northern Tyrol
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Research Center(s): Ecology of the Alpine Region
People involved: Nadine Präg, Paul Illmer
Funding: TWF project (10.2014-09.2016)
Description:
Methane is a powerful greenhouse gas that is produced and consumed in soils by microorganisms.
The balance between the microbial processes of methanogenesis and methane consumption is
strongly affected by abiotic and biotic parameters which can vary on a large or small scale basis.
Although upland soils in terms of a multifunctional resource represent huge methane sinks,
the methane cycle in aerobic upland soils, such as grasslands, forests, alpine and subalpine
soils, is pretty barely examined to date. Previous studies of our working group investigated
the influence of land use change, fertilization, water content and temperature on the methane
cycle in subalpine/alpine soils. In this project we now put special focus on the influence of
plants on methane flux and its involved microorganisms. We suggest that there are effects
of plants on methane production and consumption and it seems likely that direct and indirect
effects of the rhizosphere contribute to the activity and abundance of methanogenic Archaea
and methanotrophic Bacteria.
In this study we use soils from different sites, including grassland and forest sites from siliceous
and calcareous bedrock, in Northern Tyrol. With soil from this investigated study sites and site
typical plants, profound lab-scale gas measurements are going to be conducted with various
variations (e.g., temperature and water regimes, different CO2 and CH4 concentrations).
Furthermore, soil samples from the bulk soil, the rhizosphere and the rhizoplane are examined
for the abundance and activity of Archaea and Bacteria by microbiological and molecular
approaches, with special focus on methanogenic and methanotrophic microorganisms.
By merging the information of many influencing factors (physical, chemical, microbiological,
molecular biology, vegetation and soil biology) it would be the first time to study the interactions
between methanogens and methanotrophs with plants and the rhizosphere in upland soils and
to provide details for the understanding of the real methane production and oxidation rates of
soils.
Keywords: climate change, methane, rhizosphere, plants, methanotrophic and methanogenic
microorganisms, upland soils, Archaea, Bacteria
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Topic: Medium-term investments of fens in high altitudes in the inner Ötz valley

38

Research Center(s): University of Innsbruck, Institute of Botany
People involved: Senta Stix and Brigitta Erschbamer
Funding: non, MSc-Thesis
Description: In the area of the inner Ötz valley 18 fen locations are re-investigated in the
summers 2014 and 2015. Primarily they were subjected to a vegetation analysis by RYBNÍČEK and RYBNÍČKOVA (1977) in the early seventies. As fen vegetation is sensible to environmental change, especially to altered water and nutrient supply and temperatures our aims
are a) to investigate if vegetation shifts at species and community level are detectable, b) if
such shifts correlate with functional traits and strategies, i.e. how changes act on a structural
level and c) which are the main drivers for such shifts.
As fens are important water reservoirs, have balancing function for the climate in their proximity and are of great ecological value this study may be interesting in respect of the development under climate change.
Keywords: fen, medium-term investment, vegetation analysis
Literature: RYBNÍČEK, K.& RYBNÍČKOVA, E. (1977): Mooruntersuchungen im oberen Gurgltal, Ötztaler Alpen. Folia Geobotanica & Phytotaxonomica, Vol. 12/3: 245-291.
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Topic: Biosphere-atmosphere trace gas exchange in the Alps as affected by changes in land
use and climate
Research Center(s): Ecology of the Alpine Space
People involved: Mastaneh Ahrar, Alberto Algarra, Federico Carotenuto, Katharina Gerdel,
Albin Hammerle, Florian Kitz, Karl Krainer, Sylvie Pighini, Katharina Scholz, Felix Spielmann,
Peng Zhao, Georg Wohlfahrt*
Funding: FWF, ÖAW, Provinz Bozen/Südtirol

Description: The overarching theme of our research is the trace gas and energy exchange
between ecosystems and the atmosphere and how it is modulated by changes in climate and
land use. We are interested in these exchange processes from both ends – how the physical
environment, biotic controls and direct human influence (e.g. through land management)
affect the ability of ecosystems to act as sources/sinks for matter and energy and how the
functioning of ecosystems feeds back on the state and dynamics of the atmosphere. Our research approach involves the coordinated use of experimental measurements and theoretical
models and ranges in spatial scale from leaves, through plant canopies and the landscape and
in temporal scale from seconds through hours, days and years. Geographically, our focus is
on the Alps and how interactive effects of weather/climate and land management affect their
role as sources/sinks for greenhouse gases (carbon dioxide, methane, nitrous oxide), volatile
organic compounds (VOCs) and water vapor and energy.
During the next three years our focus will be on (i) the exchange of two poorly understood
trace gases, carbonyl sulfide (OCS) and carbon monoxide (CO), and in particular the relative
roles that plants and soils are playing in their emission/uptake, (ii) the comparison of greenhouse gas, in particular carbon dioxide (CO2) and methane (CH4), exchange from terrestrial
vs. freshwater ecosystems in the Alps, and (iii) the use of proximal and remote sensing for an
improved understanding and interpretation of micrometeorological flux measurements.

Keywords: ecosystem, biometeorology, carbon and water cycle, atmospheric composition
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Topic: Effects of changing climate and land use on the carbon, water and nitrogen cycles of
mountain ecosystems
Research Center(s): Ecology of the Alpine Space
People involved: Michael Bahn, Roland Hasibeder, Johannes Ingrisch, Thomas Ladreiter-Knauss, David Reinthaler, Rüdiger Kaufmann, Georg Lair, Ute Szukics, Sebastian Gertloff,
Claudia Gstir, Stefanie Hörbst, Michaela Krohn, Sarah Scheld, Andrea Weinfurtner, Jasper Bloemen
Funding: EU-FP7, ERA-Net Biodiversa, FWF, ÖAW, a.o.
Description: Changes in climate and land use have been affecting mountain ecosystems in
the Alps at increasing pace, however, their impacts on biogeochemical cycles and greenhouse
gas emissions is not yet well understood. Our research combines studies along land-use gradients with in-situ manipulation experiments, with an emphasis on climate extremes and their
interactive effects with management, as well as global warming and elevated CO2. We focus
particularly on the carbon cycle and its interactions with the water and the nitrogen cycles, and
include isotopic tracer experiments to understand how a changing environment affects the fate
of carbon in the ecosystem. Furthermore, we test effects of functional biodiversity and explore
how plant functional traits relate to ecosystem processes and their responses to global changes. We recently started expanding our research from mountain grasslands to trees and the
subalpine forest.

Key words: climate change, land-use change, ecosystem processes, ecophysiology, plant-soil
interactions, functional biodiversity, carbon, nitrogen, water, greenhouse gas emissions
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Topic: Climate change negotiations

40

Research Center(s): Environmental Economics and Regional Development
People involved: Esther Blanco, Glenn Dutcher, Tobias Haller
Funding: Nachwuchsfördermittel aus der Nachwuchsförderung der LFU VertragNr: BW2/11
Description: We experimentally examine subjects’ choices in a climate change game where subjects face a potential group damage and have the choice to invest resources to reduce
the probability of group loss (mitigation), reduce the magnitude of the individual loss (adaptation), or increase individual payoffs (production). We explore subject‘s response to three
treatment conditions; high damage, low damage and heterogeneous damage. Results show
that subjects view mitigation and adaptation funds as substitutes in that they contribute higher levels to the adaptation fund if low levels of contributions to the mitigation fund exist, but
free-ride on others by contributing to the productive fund if contributions to the mitigation
fund are high enough. In particular, when high-damage subjects are mixed with low-damage
subjects, their contribution levels to the mitigation fund decline, but are still greater than those of their low-damage group members.

Keywords: Collective Action, Climate Change, Economic Experiments.
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Topic: Externalities in appropriation: Responses to probabilistic losses

41

Research Center(s): Environmental Economics and Regional Development
People involved: Esther Blanco, Tobias Haller, James M. Walker
Funding: FWF
Description: We examine behavior in one-shot appropriation games with deterministic and
probabilistic degradation externalities, where the marginal net benefit from appropriation endogenously depends on individuals’ expectations of group appropriation. The experimental
design involves a menu of games where the magnitude of a loss parameter associated with
probabilistic degradation varies across games. On average, as the loss parameter increases
we observe a significant reduction in group appropriation. There is, however, considerable
heterogeneity in behavior. First, subjects who are more pessimistic (optimistic) about group
appropriation significantly increase (decrease) appropriation as the loss parameter increases.
Second, relative to subjects with more optimistic expectations regarding group appropriation,
the appropriation of subjects who are more pessimistic is more closely tied to changes in expected marginal benefits.

Keywords: Social dilemma; Laboratory experiment; Endogenous externality; Strategic uncertainty
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Topic: Investigating the application of r.geomorphon, a GRASS GIS add-on, for soil mapping
Research Center(s): Global Change – Regional Sustainability
People involved: Fabian Gruber, Jasmin Baruck, Richard Hastik, Clemens Geitner
Funding: 2. Wettbewerb für Projekte im Bereich der wissenschaftlichen Forschung (Autonome Provinz Bozen Südtirol) (06.2013 – 05.2016)

Description: The project ‘ReBo - Terrain Classification of ALS data to support Digital Soil
Mapping’, funded by the Autonomous Province of Bolzano - South Tyrol, aims to increase the
availability of soil information in South Tyrol by combining geomorphometric analysis with an
aggregation of already available soil data and goal-oriented field survey. Additional research
topics related to the project are the discussion of soil classification systems applied in the
Alps as well as possible designs for modern, user-oriented soil maps.
Regarding geomorphometric analysis, we investigate the potential of r.geomorphon (Jasiewicz
and Stepinski, 2013), an extension module for the open source GRASS GIS, for soil-science
related terrain classification. It applies a pattern recognition method based on the visible
neighborhood to delineate simple landform elements on the basis of a digital terrain model.
Delineation is controlled by adjusting the parameters look-up distance (L) and the angle (flat)
up to which terrain is considered as flat. The use of these visibility calculations makes this
landform delineation approach suitable for comparison with landform descriptions based on
the spatial perception of the landscape of soil surveyors. We therefore correlate the results
of landform element maps computed with r.geomorphon with the relief descriptions in a test
dataset comprising soil profile information from South and North Tyrol. By applying a multiscale approach we aim to mimic the soil surveyors’ characterization of the landscape at mesoand macroscale. At microscale we intend to use landscape metrics of landform distributions
calculated with small L-values.
As soil units are often related to one or more specific landform elements we aim to compute
a terrain classification similar to expert-based soil-landscape models. Therefore, based on the
input parameters derived from multi-scale analysis and calibration with profile point descriptions, we generate a landform map using r.geomorphon which is then further differentiated
using additional terrain parameters and expert-knowledge.

references: Jasiewicz, J. & Stepinski, T. F. (2013): Geomorphons - a pattern recognition approach to classification and mapping of landforms. Geomorphology, 182, 147 - 156

Keywords: soil mapping, soil survey, digital terrain model, terrain analysis, terrain classification, multi-scale approach, alpine soils
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Topic: Balancing Alpine energy and nature
Research Center(s): Global Change – Regional Sustainability
People involved: Richard Hastik, Clemens Geitner
Funding: Alpine.space programme
Description:

The European Union aims to increase its share of renewable energy (RE) to 20% by 2020 in
an effort to reduce greenhause gas emissions while enhancing energy security and providing
opportunities for economic development. Often, RE are regarded as a means which can create
co-benefits for both ecology (i.e. “clean energy”, decreasing greenhouse gas emissions) and
economy (i.e. “green jobs”, income generation for municipalities). Increasing RE, however, also
might result in various local impacts on the environment and subsequently lead to conflicts
among stakeholders. This is particularly true for the Alps due to its high energy potentials and
the fragility of its ecosystems with high biodiversity, highly appreciated aesthetic and recreational value and the diversity of cultural identities. Based on the Ecosystem Service approach
we scrutinize trade-offs between biodiversity conservation and energy generation. Therefore,
we analyse available energy potentials in the Alps and develop tools to evaluate the RE carrying
capacity of Alpine ecosystems. Based on the “land-use footprint” of renewable energy sources
we highlight the huge variety of spatial impacts of RE in the Alps. Our results highlight that the
overall energy consumption in the Alps could not be covered despite the dedication of large
parts of the Alpine land area and a majority of larger rivers stretches for renewable energy
sources. These results deliver valuable inputs for a spatial explicit decision support system tool
which will be elaborated in cooperation with our project partners. Thereby, the main aims are
to analyse siting decisions and weight up costs and benefits for scrutinizing energy implementation decisions.
Keywords: Renewable Energy, Ecosystem Services, environmental conflicts, biodiversity conservation
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Topic: Weather extremes and tourism – travel behavior of tourists in context with
extreme weather events (Master thesis)
Research Center(s): Institute of Geography: Global change and regional sustainability
People involved: Leandra Janicke, Bruno Abegg (supervisor), (Robert Steiger)
Funding:
Description:
Keywords: weather extremes, climate change, tourism vulnerability
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Topic: Storylines of Socio-Economic and Climatic drivers for Land use and their hydrological
impacts in Alpine Catchments (STELLA)
Research Center(s): Global Change – Regional Sustainability*, Mountain Agriculture°

People involved: Elisabeth Mair*, Gertraud Meißl*, Thomas Marke*, Ulrich Strasser*, Melanie Steinbacher°, Markus Schermer°, Fabian Madlung°, Imran Nadeem, Herbert Formayer
Funding: ACRP project (6th call, 08.2014-08.2017)
Description:
Climate change is coupled with several spatial and societal processes, including the evolution
and characteristics of land use. These processes can have significant consequences, e.g. for
the water cycle. Hence, the effects of the coupled climate and land use change and their mutual feedback represent an important research question within integrative climate change impact research.
In the research project STELLA, the co-evolution of coupled climate and land use change will
be investigated (especially for forest management), and the related impacts for the hydrological cycle of the Alpine catchment Brixental (Kitzbühel Alps, Austria). Different combinations
of future climatic and socio-economic conditions - the so called „storylines” - and hence, possible future land use, will be developed. The evolution of potential future changes in climate
and land use will be used for the simulation of the future hydrological conditions in the catchment.
The current work in the project is related to four ongoing work packages:
(a) Hydro-climatological data for modelling in the catchment Brixental is being prepared.
Within the subcatchment Brixenbachtal 12 low-cost measurement stations have been installed capturing spatial variability of climate and snow distributions in- and outside the forest
canopy during the winter season 2014/15.
(b) Global climate scenarios are being downscaled for the study area by our project partners
from the Institute of Meteorology from the University of Natural Resources and Live Sciences
in Vienna.
(b) Enlarging the hydrological model “WaSiM” with a canopy-model allows for a more detailed
representation of hydro-meteorological differences between inside and outside canopy stands.
The modelling tool is being developed, calibrated and validated for the study area.
(c) Socio-economic drivers of changes in forest management are being explored by expert interviews and a comprehensive quantitative inquiry building a basis for the storylines.
STELLA aims at developing a scientific basis for the mutual interplay of climate and land use
changes and their hydrological impacts in an Alpine catchment typical for Austria. Results will
be provided to stakeholders, i.e. from spatial planning, forest and water management.

Keywords: Alpine hydro-climatology, land-use change, climate change
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Topic: Investigating structure and depth of unconsolidated sediments on Alpine slopes with
ground penetrating radar, penetrometer testing and terrestrial laser scanning
Research Center(s): Global Change – Regional Sustainability
People involved: Andreas Mayr, Thomas Zieher, Martin Rutzinger, Clemens Geitner
Funding: Doktoratsstipendium (UIBK), ACRP project C3S ISLS
Description:

The structure and depth of unconsolidated sediments (regolith) is considered to be a key parameter for shallow landslide susceptibility and evolution and associated secondary erosion.
These properties can be assessed with a lightweight (10 kg) dynamic cone penetrometer at
individual points on a slope. However, to cover an entire slope at sufficient spatial resolution
(i.e. meter to sub-meter) numerous penetration tests are required. This is labour and time
consuming. Thus, we investigate the potential of combining dynamic cone penetrometer testing (DCPT) and ground penetrating radar (GPR) for the assessment of regolith structure and
depth. Both DCPT and GPR data from a test site in the Schmirn Valley (Tyrol) are interpolated
in 2D as well as in 3D to compare the two methods with regard to their results and limitations.
Moreover, the relationship between regolith depth and surface morphology at the test site is
investigated. A digital terrain model (DTM) of the slope surface was derived from terrestrial
laser scanning (TLS) data. Based on the DTM curvatures and slope gradient were computed at
multiple scales. These morphometric parameters are analysed together with regolith depth information. An identification of relationships could enable rough estimates of regolith characteristics using surface information obtained by TLS. Challenges we tackle in this work package are
(i) the integration of three-dimensional data from TLS, DCPT and GPR, (ii) an adequate quality
description of the data sets, and (iii) the interlinking of the morphological and depth structural
interpretations between the data sets.
Keywords: geomorphology, ground penetrating radar, terrestrial laser scanning, regolith
structure, hillslope morphometry
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Topic: Glacier surface classification with multi-temporal TLS-Data during the ablation period
2014. Comparison of glacier density measurements and laser-intensity values at Hochjochferner, Schnals valley, South Tyrol (Master thesis)
Research Center(s): Institute of Geography: global change – regional sustainability

People involved: hiSNOW Project: Sailer Rudolf - Project Leader (supervisor of master thesis), Strasser Ulrich, Stötter Hans (supervisor of master thesis), Nicholson Lindsey, Prinz
Rainer, Notarnicola Claudia, Zebisch Marc, Rastner Philipp and more
Funding:
Description:

Keywords: laser scanning, intensity, snow density, glacier surface classification
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Topic: Estimation of streamflow runoff components by hydrochemical tracers in two high-elevation catchments. Improved validation of two process-oriented hydrological models
Research Center(s): Global Change –Regional Sustainability*, Climate & Cryosphere
People involved: Jan Schmieder*, Ulrich Strasser*, Thomas Marke*, Harald Kunstmann,
Rolf Weingartner, Ole Rössler, Jakob Garvelmann, Michael Warscher, Mathias Rotach et al.
Funding: ÖAW project (HydroGem3)
Description:

Seasonal snowcover and glaciers are important water storages of high mountain regions. For
water resources management it is important to know about the timing and amount of water released by these storages, especially in downstream regions where the water is needed
(hydropower, drinking water) or where it represents potential risk (drought, flood). Seasonal
availability is strongly dependent on cryospheric processes and becomes even more relevant in
a changing climate.
Hydrochemical tracers are useful tools in the assessment of water resources, because they
provide information about the sources, flowpaths and traveling times of water contributing to
streamflow at the catchment scale. Previously little emphasis has been invested in high-frequency tracer studies in temperate climates, seasonal snow covered and glacierized catchments. Representative test catchments with dense monitoring network are rare, especially in
the European Alps. However, high-frequency tracer studies with spatially distributed sampling
points are required to better understand the hydroclimatological processes in remote regions.
On top of that, empircal studies in hydrology are necessary to validate the hydrological models
more process-oriented, and not only by comparing total measured and simulated runoff.
The current work is embedded in the ÖAW project HydroGem3. The objectives of the workpackage are to:
(1) to improve the understanding of hydroclimatological processes in high-elevation regions
by hydrochemical tracers
(2) quantify the contribution of sources (snowmelt, ice melt, rain) to streamflow and
(3) use the experimental/empirical results to validate process-oriented hydrological models.
The field work will be conducted in two experimental high-elevation and galacierized catchments
with different climates and land use: the Lütschine catchment (369 km²) in Switzerland and
the Ötztaler Ache catchment (517 km²) in Austria. In both catchments snowmelt, icemelt and
rain will be sampled spatially variable at adjusted frequencies. For high-frequency sampling,
automatic water samplers will be applied in both catchments to generate sub-daily data. For
the seasonal and annual scale, sub-weekly data samples will be taken manually or by automatic samplers. Water samples of snowmelt, icemelt and rain will be analyzed with an inductive
coupled plasma-mass spectrometry (ICP-MS) at the Department of Geography (University of
Bern) for 40 chemical tracer elements. Potential tracers can be identified by mixing diagrams
which depict the endmembers (rain, snowmelt, icemelt) and will be used for an end member
mixing analysis (EMMA). Hence the hydrograph can be separated into three (or more) different
components (end members).
Keywords: Alpine hydroclimatology, tracer hydrology, water availability and demand
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