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Abstract 

StartClim has been studying the topic of adaptation to climate change since 2008. The pro-
jects in StartClim2014 addressed various research questions and provided scientific support 
for implementation of the Austrian Adaptation Strategy. Two projects developed concepts for 
systematic acquisition of data that is either not available at all or not in an appropriately ac-
cessible form but would be crucial for the implementation of climate change adaptation 
measures. One project examined weather-independent tourism, and three investigated ani-
mal health and climate change adaptation in the context of livestock husbandry and Alpine 
game. 

 

 

Extreme events like heavy precipitation, hail, storms or black ice with the potential to cause 
disasters occur every year. Large-scale catastrophes naturally attract much more attention 
than small-scale ones. The actors in the rescue chain, however, document all operations at 
the same high level, regardless of the scale of the natural disaster. Some organisations also 
make their documentation available on the Internet. Resource scheduling and awareness-
raising depend directly on the quality of this documentation, which also helps in the identifica-
tion of optimisation potential. 

Together with Austrian organisations responsible for public protection, one StartClim2014 
project devised a concept for improving the documentation, analysis and evaluation of the 
rescue chain in response to small-scale extreme weather events and the collation of the data 
on the events and the damage caused by them obtained by the individual rescue, aid and 
research organisations (RAR platform). The synergies and added value introduced by this 
project is perhaps best seen from a bird’s-eye perspective in the form of a chain, in which 
each link represents a single stakeholder. At the moment each link acts independently, col-
lecting data, gaining expertise and working hard to improve its performance. The concept 
presented joins these links and permits analysis along the entire chain. Connections are es-
tablished, information flows back and forth, up and down between organisations. The con-
cept facilitates the exchange of experiences, ideas are easily shared, and improvements can 
be made by comparing related processes along the chain. Problems can be viewed from 
many perspectives and solutions identified jointly. The willingness of the stakeholders and 
decision makers to put the concept into practice and the commitment of the involved organi-
sations are encouraging. 

 

Around 2.5 per cent of Austria consists of permanently frozen ground overlain by a seasonal-
ly unfrozen layer (i.e. active layer). These regions are called permafrost areas. A further 1.5 
per cent of Austria is affected by deep seasonal frost, which has a similar impact on weather-
ing processes. 

Permafrost and associated processes directly or indirectly concern twenty-three ski resorts, 
thirty-one reservoirs and forty-two mountain huts. Ground stability and thus infrastructure 
(dams, supports, buildings) can be affected by temperature increase due to climate change. 
There are also substantial impacts on hydrology. The modification of permafrost-affected 
regions is therefore of economic and ecological importance. A range of institutions, including 
several Austrian universities, national and regional geological surveys, the Austrian torrent 
and avalanche control agency, and various Alpine clubs, are interested in systematic perma-
frost monitoring. To date, no coordinated monitoring network has been established at the 
national level, and there is no strategy for long-term observation. This impedes the evalua-
tion of the existing sparsely distributed measurements and the development of an under-
standing of underlying processes. 
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An analysis of the current situation and discussion with stakeholders indicate that the number 
of monitoring sites should be increased. Temperature measurements in deep boreholes and 
shallow ones close to the surface, geophysical surveys and ground movement measure-
ments (rock glaciers, instable rock faces) are required, along with spatially continuous obser-
vation of surface movements by remote sensing. Demand is highest in Tyrol as a whole, the 
district of Zell am See and southeastern Vorarlberg. A minimum investment of 1.5 million 
euros is required to achieve a similar representativity as in Switzerland, taking synergies with 
ZAMG and HZB stations, Alpine huts and the skiing infrastructure into account. As in Swit-
zerland, financial support could come from a combination of industrial and public-sector re-
search partners. 

 

 

The diverse natural and cultural landscapes in Austria offer great potential for a wide range 
of nature-based and nature-experience-based touristic offers. Current research results con-
firm that there is considerable interest by tourists in nature experience offers. Adaptation 
strategies need to be considered to reduce dependence on specific weather conditions as a 
result of climate change. 

A project within StartClim2014 has examined the current situation regarding weather-
independent nature experience offers in Austria. First, the term ‘weather-independent nature 
experience offers’ was defined. The inclusion criteria were availability to visitors for at least 
eight months a year (including those available for less time but extendible to eight months) 
as well as a local landscape reference, and appeal to a broad target audience. A total of 236 
offers by 118 different providers were surveyed. The most offers were found in Styria, fol-
lowed by Lower Austria and Burgenland. 

Discussion of offers and their relevance for touristic development with representatives of the 
Österreichische Hoteliervereinigung (Austrian Hotel Association) revealed that their adapta-
tion for all-year tourism can be successful only if criteria such as authenticity, the ‘staging’ of 
the touristic experience, professionalism and cooperation are met. In other words, offers 
must have an authentic and well-thought-out setting in order to be well received. A profes-
sional service is necessary to guarantee the quality of the offers to allow them to be appro-
priately promoted. Furthermore, cooperation with regional partners is essential so as to em-
bed the offers within the region, and also to allow the design of individual packages combin-
ing e.g. a hike with a tasting and overnight stay. 

 

 

Agricultural animal husbandry, including feed production, is directly affected by climate 
change. So far, considerations on the adaptation of livestock production systems (PS) to cli-
mate change impacts (CCI) have mostly focussed on policy advice or have been reduced to 
the technical adjustment of housing systems. There are still no useful concepts for assessing 
individual farms in terms of their sensitivity to CCI that take into account the multiple relation-
ships between the various PS elements. 

The aim of one StartClim2014 project was to provide a method for assessing the susceptibil-
ity and the resistance of livestock farms to CCI that addressed the overall PS complexity. 
Based on a system analysis and on literature it was shown that the influence of CCI on 
productivity, animal welfare and animal health depends on a number of factors, which can be 
used to adjust the PS (e.g. genetic potential of fodder plants and animals, securing access to 
land for fodder production and to the supply infrastructure with key factors such as water or 
energy). The method for evaluating sensitivity to CCI is based on ten criteria with a total of 
sixty-three indicators. Two model farms and four active dairy and pig farms were evaluated. 

In all farms, the yield stability of fodder plants and soil protection were the most vulnerable to 
CCI. The other critical aspects varied depending on the farm. A comparison of these results 
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with climate data for future scenarios underlines the need for long-term adjustment of live-
stock farms that have not yet taken action in this respect. 

 

Prolonged periods of high ambient temperatures, particularly in connection with high humidi-
ty, not only affect the farms’ production resources but may also have a direct impact on dairy 
cows. Rising ambient temperatures result in problems with regard to the regulation of the 
internal body temperature, as the cows’ ability to dissipate body heat is reduced. This may 
even be the case at temperatures just above 20 °C. In high-yielding cows this effect is addi-
tionally enhanced owing to higher metabolic activity. 

Building and husbandry measures in dairy farms may alleviate the negative effect of high 
ambient temperature and humidity. Based on a questionnaire, data on specific building and 
husbandry aspects were collected in 150 Austrian dairy farms. The data were merged with 
performance data from the central cattle database and meteorological data. The effect of 
high ambient temperature on dairy performance and udder health was analysed with account 
taken of different husbandry factors. Additionally, indoor and outdoor temperature and hu-
midity were measured in selected farms. 

Results revealed deteriorating effects of high ambient temperatures on dairy performance, 
while udder health was only negatively affected in certain husbandry systems. Generally, the 
effect of ambient temperature depends on the husbandry system. In view of the anticipated 
increase in days with high ambient temperature, the results illustrate the need to reduce heat 
stress in dairy cows in some husbandry systems. 

 

During the last decades, wild game in the Alpine region has been confronted by changing 
site conditions and pathogenic organisms. A StartClim2014 project studied the impact of cli-
mate change on disease and parasitosis in Alpine wild game, and on fodder and pasture 
quality, plant phenology and ibex horn growth. 

The first part of the project established the current disease situation in wild game in the Aus-
trian Alpine region as a baseline value for the estimation of future developments. Recent pro-
ject results have already revealed a clear increase in parasitic diseases at altitudes above 
2,500 m. 

The second part of the project showed that the vegetation period in inner Alpine valleys 
starts three to four days earlier per decade. This results in nutritional and physiological prob-
lems for young animals, as they are not able to digest plants with higher raw fibre content as 
efficiently as adults are. Consequently, physical development is handicapped and the young 
animals are prone to disease. Additionally, the composition of plant communities is changing 
in the different altitudinal belts. 

In the third part, the influence of climatic changes on the growth of ibex horns was studied. 
As the start of horn growth is coupled with the start of the vegetation period and most of the 
yearly increase occurs between May and June, development is stimulated by humid, mild 
conditions in spring and hindered by an early hot summer. Each horn growth segment thus 
mirrors the weather conditions. Long-term horn measurements could function as a bio-
indicator for changes in climatic conditions in mountainous areas. 

An interdisciplinary workshop discussed the many possibilities for adaptation. The main is-
sues from an agricultural point of view are the date of turning out and returning to/from the 
Alpine pastures, worming of livestock, fertiliser management and subsidies. Forestry issues 
include clearing of shrubs and bushes, protection against damage by forest chamois and the 
general susceptibility of forest to damage. Members of the hunting community mentioned the 
sustainable management of hunting/shooting permits for chamois and ibex, early achieve-
ment of the hunting quota and regulation of red deer as the main concerns. It is evident that 
climate change is already having a marked influence on wild game, which will increase and 
involve even more severe changes. 
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1 The StartClim research programme 

The StartClim climate research programme is a flexible instrument. Because of the short pro-
ject duration and annual allocation of project topics, it can react quickly to topical aspects of 
climate and climate change. It is financed by a donor consortium currently consisting of nine 
institutions:  

o Federal Ministry of Agriculture, Forestry, Environment and Water Management 
(since 2003) 

o Federal Ministry of Health 
(2005, 2006, 2007) 

o Federal Ministry of Science, Research and Economy 
(since 2003) 

o Federal State of Upper Austria 
(since 2012) 

o Austrian Federal Forests 
(since 2008) 

o Oesterreichische Nationalbank 
(2003, 2004) 

o Austrian Hail Insurance 
(2003, 2004, 2006, 2007, 2008) 

o Federal Environment Agency 
(2003) 

o Verbund AG  
(2004, 2007) 

StartClim has been studying adaptation to climate change since 2008. Since StartClim2012, 
the programme’s objective was to deliver valuable scientific contributions to the imple-
mentation of the Austrian National Adaptation Strategy. 

The six StartClim2014 – projects examined different aspects that are relevant to climate 
change adaptation in Austria. The topics explored were 

 screening of remarkable weather 
 developing a method for assessing climate change effects on productivity and animal 

welfare as well as adaptation potential of livestock husbandry 
 effects of ambient temperature on performance and health traits in dairy cattle under 

consideration of husbandry factors 
 the importance of climate change for nutrition and diseases of alpine game 
 relevance and innovative development options of weather-independent tourism offers 

based on nature experience offers 
 long-term monitoring of permafrost and periglacial processes and its role for natural 

hazard prevention. 

The StartClim2014 report consists of an overview of the results in German and English along 
with a separate documentation that contains detailed descriptions of the individual projects 
by the respective project teams. All StartClim2014 reports and documents will be available 
for download on the StartClim website (www.startclim.at). Furthermore, a limited number of 
CDs containing all StartClim reports and a folder with a short summary of the results will also 
be made available. 
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2 StartClim2014.A: SNORRE - Screening of remarkable weather 

Extreme events like heavy precipitation, hail, storms and black ice occur every year and have 
the potential to cause disasters. Large-scale catastrophes naturally attract much more atten-
tion than small-scale ones. The actors in the rescue chain, however, document all operations 
at the same high level, regardless of the scale of the natural disaster. The deployment doc-
umentation and post-disaster management information are often available on the Internet. 
Resource scheduling and awareness-raising depend directly on the quality of this documen-
tation, which helps in the identification of the potential for optimising equipment and person-
nel to permit flexible reactions to alerts and in operation. 

The aim of the StartClim 2014 project was to collect information and expertise from the or-
ganisations along the rescue chain, from the weather alert to clean-up efforts, on a commu-
nication, information and data (CID) platform. As it turned out, StartClim addressed an urgent 
need, as the stakeholders were interested in streamlining the process chain to eliminate re-
dundancies, avoid unnecessary reporting circuits or other duplications in individual stages 
and identify understaffing at critical sections. 

To achieve these objectives, SNORRE carried out the following steps: (i) a thorough litera-
ture and Internet review to identify similar or related investigations both within and outside 
Austria and the concepts used by stakeholders and associations at the various organisation-
al or political stages. This process resulted in an object-oriented database with attributes and 
more than 500 individual names from sixty-one organisations; (ii) a survey among the rele-
vant authorities jointly developed with sociologists addressing: (a) the perception of climate 
change in their work; (b) their expectations regarding the collation of data from different 
sources, and (c) the subjective demand for a platform consolidating communication, data and 
information. The survey had a response rate of 65 per cent, and the outcome may therefore 
be considered representative. Of those polled, 75 per cent are already experiencing the ef-
fects of climate change in their regular work; 86 per cent expect a significant additional bene-
fit for their own organisation from data originating from different sources, and 82 per cent 
would like to see the establishment of a CID platform, which they believe would help in the 
identification of optimisation potential and the exploitation of synergies. They are also willing 
contributing data themselves. 

This commitment was also seen in the telephone interviews. The stakeholders themselves 
were interested in elaborating the concept, defining the functions of the analysis and visuali-
sation tools and shaping the interface to the public. The agenda for the workshop at the 
ZAMG in April 2015 was established on the basis of the survey, telephone interviews and 
meetings. The main items discussed there were: (i) what information is most important; (ii) 
where such a collection of different data from various organisations in their various formats 
should be located; and who can provide the required technical infrastructure and supervision 
funds. It was decided to ask the CCCA Data Centre if it could host the database; (iii) the ne-
cessity for defining a special format for storing the data; (iv) control and organisation of ac-
cess authorisation; (v) the best solution for analysing and visualising the data. 
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Fig. 1: The SNORRE concept generated jointly with the stakeholders 

For brevity, only a few of the points raised in the discussions can be listed here. More of 
these topics, however, may be found in the long version of the final report. Fig. 1 sketches 
the main result of SNORRE, the CID platform supporting the stakeholders in overcoming 
disasters and protecting society, summarising the survey, discussion processes (via tele-
phone, personal encounters, workshop) and expert advice. The platform consists of the 
stakeholder consortium and residents and combines them in three columns: the database 
platform linking and analysing information, the information platform with information for 
stakeholders and the general public, and the communication platform for increasing practical 
implementation. The stakeholders repeatedly underlined the importance of communicating 
information to the general public through, for example, educational campaigns in schools and 
universities. For many obvious reasons, students are the best target group. Heavy storm 
warnings using the Beaufort scale do not mean much to the general public unless they real-
ise, for example, that garden furniture may be thrown through windows and that barbecue 
cutlery may turn into dangerous projectiles. Once a proper understanding has been obtained, 
ac-cidents and serious injuries can be avoided, which would be a significant step forward. In 
addition, as citizen scientists the public could contribute very important information to the 
stakeholders through photographs or eyewitness accounts, which would improve knowledge 
at the beginning of the whole rescue chain. This point is crucial, as the decisions taken at the 
very beginning are decisive for the success of the entire programme – solid information on 
the spatio-temporal conditions on site helps to gain time and improve coordination in emer-
gencies. As such, a robust cooperative model involving the consortium and the public is of 
utmost importance for at least these two central reasons. This is in line with major undertak-
ings at the European level aimed at improving rescue measures and involving the public to 
improve warning and response systems. In the SNORRE workshop it was suggested that 
these aspects be addressed through an online forum. There are several online structures of 
this type in other countries. The general pattern is always the same: residents submit their 
observations under appropriate headings, in this way providing information, for example, on 
the formation of local thunderstorms. With this information, decision makers can increase the 
effectiveness of their intervention measures. The pink triangle in Fig. 1 indicates a small 
group of people called the Committee representing the entire consortium and provided with 
necessary power to take binding decisions with account taken of the following modules: (i) 
communication (combining all functions needed for internal communication and issuance of 
warnings), (ii) information (managing reports, technical and scientific literature necessary for 
optimisation and information material for the public, citizen scientists), (iii) tools required for 
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the data analysis and visualisation of results (e.g. comparisons of present developments with 
long-term trends). The Committee’s aim is to define the objectives for sustainable develop-
ment in general and to make decisions on reconstruction or implementation of optimisation 
potential, procurement planning, etc. 

 

 
Fig. 2: Possible design of the visualisation of extreme events investigated in SNORRE 

Together with Austrian organisations responsible for public protection, SNORRE established 
the above concept to provide the highest possible protection against future disasters trig-
gered by extreme weather events. It integrates the stakeholders acting along the rescue 
chain. The benefit introduced by SNORRE is perhaps most obviously seen from a bird’s-eye 
perspective. Each link in the chain may be regarded as the contribution made by a single 
stakeholder. These links provide an effective way for organisations to collect data and ac-
quire expertise. SNORRE joins these links and allows analysis across the chains. Connec-
tions are established, information flows back and forth, up and down between organisations; 
The SNORRE concept facilitates the exchange of experience regarding technical instru-
ments, heavy devices, team performance and purchasing strategies; ideas are easily shared, 
and improvements can be made by comparing related processes along such rescue chains. 
Problems can be viewed from many perspectives and solutions jointly detected. SNORRE 
showed that 75 per cent of the organisations responsible for public protection have already 
experienced the impact of climate change on their work. Moreover, the great willingness of 
stakeholders and decision makers to work closely together as shown in SNORRE and the 
commitment of the organisations to their mission and their readiness to put the developed 
concept into practice are highly encouraging. 



Final Report StartClim2014 

StartClim2014 Page 14 

3 StartClim2014.B: Developing a method for assessing climate 
change effects on productivity and animal welfare as well as 
adaptation potential of livestock husbandry 

Agriculture is one of the sectors most directly affected by climate change. The aim of this 
project was to develop a method taking into account both the feed supply chain and the live-
stock for assessing the degree of susceptibility or resistance of livestock farms to climate 
change impacts (CCI). This is important because climate models predict that the number of 
hot days will double or even triple by 2050, with another doubling by 2100 (see BOKU-Met 
2015). An even clearer indication of the development of CCI is the increase in the number of 
days with the THI (temperature humidity index) exceeding acceptable values. The forecasted 
precipitation and water balances indicate a drop in rainfall and an increase in drought from 
2050 to 2100, especially for arid regions (BOKU-Met 2015). This development underlines the 
need for adaptation of livestock production systems (PS) and thus the importance of an in-
strument that can be used by farmers to assess the resilience of their farms to challenges 
related to climate change. 

A broad system analysis estimated CCI’s effects on the PS productivity and animal health 
and welfare and analysed interactions between PS elements. Based on information from 
system analysis and supplemented by literature (e.g. Choptiany et al. 2014, FAO 2013, In-
ternational Institute for Sustainable Development 2012, Eitzinger et al. 2009), a checklist of 
indicators was developed for use in identifying PS resilience to CCI. The main system ele-
ments and their relationship to the resilience to CCI of typical Austrian dairy and pig farms 
are shown in Fig. 3. 

With regard to on-farm feed production, a number of system elements were found to be par-
ticularly important for maintaining yields in the face of adverse abiotic and biotic conse-
quences of climate change. The use of plants with an appropriate genetic potential was 
found to be highly relevant. Furthermore, in the light of increasing competition, especially 
from construction and agro-energy businesses, securing access to land for fodder production 
at reasonable cost is of particular relevance. 

Other important elements are an intensity of land utilisation adapted to local conditions and 
measures contributing to specific ecological and socio-economic resilience to CCI (see Ca-
bell and Oelofse 2012). Examples include measures to protect biodiversity or soil and diver-
sification of products and income sources, the use of insurance options or investments in 
CCI-relevant farm infrastructure. To a lesser extent, options such as the installation of water-
saving irrigation systems as a buffer in dry years may be relevant for adapting to CCI. For 
individual farms particularly affected by CCI, customised measures could be highly relevant 
despite their low overall importance. 

Regarding livestock, the following factors were identified as particularly important for achiev-
ing optimal productivity, high animal welfare status and favourable economic performance: 
safeguarding a quantitatively and qualitatively sufficient water supply and the use of (tech-
nical) measures to combat the effects of high temperatures, direct solar radiation and other 
environmental factors in housing systems (see Brade 2013). Management measures such as 
the use of health plans and prevention of CCI-related diseases have potentially high impact. 
Other possible options are long-term safeguarding of food supply and the genetic potential of 
the animals (see Hoffmann 2010). Technical options to maintain (electrical) energy supply, 
i.e. emergency power generators, are necessary, particularly for pigs. 

Based on the scientific literature, experts’ knowledge (derived from a comprehensive work-
shop and additional interviews with selected experts) and the above-mentioned system anal-
ysis, a checklist was developed with sixty-three indicators. These were integrated into a 
methodological framework which, using ten criteria, estimated the degree of resistance or 
susceptibility to CCI for individual farms with dairy cows or fattening pigs. Additionally, this 
method analysed strengths and weaknesses for the farms. Feed production indicators in-
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cluded maintenance of yields, locally adapted nutrient management, irrigation or structures 
for greater biodiversity and more favourable evaporation conditions evaporation (hedges, 
etc.). Other indicators addressed tillage and erosion, the general farmland condition, home-
grown feed use and storage capacities, farms’ water supplies, the potential impact on the 
water supply of neighbouring farms and energy requirements. Apart from indicators describ-
ing economic resilience, cooperation and social networking, the indicators considered were 
specifically related to livestock and CCI. 

 

Resilience of livestock 
farms against climate 
change impacts (CCI)

Health plans & 

measures against 

dieseases associated 
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investments in CCI-relevant farm infrastructure

 
Fig. 3: The main system elements and their relationships to the resilience of typical Austrian live-

stock farms (for dairy cows and fattening pigs) to CCI 

Fig. 4 presents the degree of achievement of the ten project criteria by two commercial dairy 
farms in Austria, based on the sixty-three indicators. Criteria directly related to PS productivi-
ty include stability of feed and livestock production yields and the stability of the whole farm. 
Another criterion describes the achievement of animal health and welfare objec-tives. Further 
criteria refer to resilience to CCI-related stressors, such as the protection of water resources 
and soils, biodiversity protection, protection and efficient use of external in-puts, profitability 
and liquidity, and social security. 

Two model dairy farms and each two operating farms with dairy cows and fattening pigs 
were analysed using the this evaluation method. This allowed consideration of the subjective 
assessment of strengths and weaknesses by farm manager interviews. 

Yield stability in feed production showed the lowest degree of achievement for all farms. For 
the other criteria, farms reached acceptable individual target degrees of achievement, in 
most cases between 60 and 80 per cent. 
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Fig. 4: Target degrees of achievement for criteria of resilience to CCI for two operating dairy farms 

From this study, it can be concluded that the proposed evaluation method permits a broad 
assessment of climate resilience as intended by the FAO (Choptiany et al. 2014). The inter-
est by the managers of the analysed practical farms highlights the importance of a follow-up 
project to further develop the method into a self-evaluation tool. The project results can be 
used to determine objectives and options for methodological adaptation in further investiga-
tions. In the present study, an additional analysis of climate data confirmed the results from 
the farm evaluation; objective climate data are therefore an important component for as-
sessing the resilience and the need for adaptation to CCI. 
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4 StartClim2014.C: Effects of ambient temperature on performance 
and health traits in dairy cattle when considering husbandry fac-
tors 

Climatic changes are expected to result in long-term changes in weather conditions in Aus-
tria and neighbouring countries. These changes are likely to include not only higher summer 
temperatures but also alterations in frequency and intensity of precipitation and changes in 
humidity, which could all affect livestock farms in Austria. Prolonged periods of high ambient 
temperatures, particularly in connection with high humidity, not only affect the farms’ produc-
tion resources but may also have a direct impact on dairy cows. Rising ambient temperatures 
result in problems in regulating internal body temperature as the ability to dissipate body heat 
is reduced. In high-yield cows this effect is enhanced owing to higher metabolic activity. 
These problems may already arise at temperatures from 20 °C upwards. Heat stress may not 
only result in decreased animal welfare but also in a reduction in milk production traits and 
reduced udder health. In hot regions, these relationships have already been confirmed. 
However, only a few studies have dealt with the effects of high temperature and humidity in 
temperate zones. Building and husbandry measures in dairy farms could alleviate the nega-
tive effect of high ambient temperature and humidity. 

Based on 172 farms for which detailed housing information was already available from an-
other project (Efficient Cow, Project No. 100861, www.dafne.at), data from official perfor-
mance testing were selected from the Austrian central cattle database for the years 2010–
2014. Further housing information was provided. Performance and housing information were 
merged with data from an additional questionnaire dealing with specific ventilation aspects in 
150 farms and with meteorological data (INCA data set) from the Central Institute for Mete-
orology and Geodynamics (ZAMG). 

The effect on different traits of higher temperatures (maximum temperatures and tempera-
ture-humidity index (THI) as an average of the test day and the three preceding days (TMax3 
and THI3)) was analysed with and without taking account of the husbandry systems. Traits 
analysed were test-day milk yield, fat and protein content and somatic cell count representing 
udder health. Performance tests are usually performed between eight and eleven times per 
farm and year, resulting in a reasonably large data set of approximately 87,000 relevant test-
day records. Detailed measurements were taken in eight selected farms to compare temper-
ature and humidity inside and outside the stalls so as to show the relationship between out-
side and inside temperatures in the different housing systems. 

A mixed model was applied for the separate analysis of the Fleckvieh (dual-purpose Sim-
mental), Brown Swiss and Holstein breeds. Effects accounted for were farm, calving year, 
calving season, lactation number-age by calving classes (fixed effects), days in milk (covari-
ate) and cow as repeated factor (random). Additionally, TMax3 or THI3 were alternatively 
fitted as covariates. In order to consider husbandry systems, a combined effect of housing 
(warm loose housing, cold loose housing, tie-stall), access to pasture (yes/no), and ventila-
tion (free, mechanical) was defined as fixed effect. Additionally, THI3 and TMax3 were fitted 
as covariates within the respective husbandry systems. 

Results indicated negative effects of heat stress on milk performance under temperate Aus-
trian conditions. Regardless of the husbandry system, THI3 and TMax3 significantly affected 
the milk yield, fat and protein content in all three breeds. At higher THI3 and TMax3 values, 
milk yield decreased significantly. However, the observed decline varied between breeds. 
The same was observed for fat and protein content. Decreases were already observed at 
TMax3 of around 20 °C, with stronger declines from 26 to 28 °C and upwards. The critical 
THI3 values were between 55 to 75 THI points. The assumption that udder health, repre-
sented by cell count of the milk, is also affected by heat stress could not generally be con-
firmed. In none of the breeds did temperature or THI significantly affect cell count. 
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For both production and udder health trait complexes, however, the husbandry system af-
fected THI and maximum temperature, depending on housing, grazing and ventilation sys-
tem. 

In indoor systems (without access to pasture) or in systems with access to pasture but me-
chanical ventilation, milk yield could be more or less kept at the same level or even increased 
in some cases with rising temperatures or THI3. Declines in milk yield were observed, how-
ever, in systems with access to pasture but free ventilation. Only small differences between 
husbandry systems were observed with regard to THI3 and Tmax3 and milk content traits. 
However, the declining effect of higher temperatures found without allowance for the hus-
bandry system was confirmed. THI3 and TMax3 within husbandry systems were only found 
to have a significant effect on somatic cell count in Fleckvieh. Indoor systems seemed to be 
better at alleviating the negative effect of high ambient temperature and humidity. 

Differences between pasture-based and indoor systems may also reflect different feed re-
sources. Further, it should be noted that only general information on pasture (yes/no) was 
available, without specific data on when cows were grazed. Information on the quality of out-
door shelter was also unknown. The results nevertheless indicate that during phases of high 
ambient temperature cows should be put out to pasture early in the morning or towards 
evening. 

Although the ambient temperature and THI were found to have a significant effect on perfor-
mance traits in the different husbandry systems, no system could be explicitly identified as 
best or worst. With respect to milk yield, mechanical ventilation seemed to be beneficial. 

The comparison of inside and outside temperature further revealed differences within the 
same husbandry systems. In general, air mass exchange with ambient air was very good in 
the four farms analysed in detail. In two of the barns the dew-point temperature was marked-
ly higher than outside, while in the other two farms the difference between inside and outside 
water vapour was noticeably lower. Straw bedding, potentially absorbing water vapour, could 
be an explanation for this difference. However, neither floor conditions nor bedding were 
considered in the models applied. In further studies, these effects should also be analysed. 

In principle, it can be assumed that the temperature and humidity data provided by ZAMG, 
are well-suited for this kind of analysis. A direct comparison between the INCA data set for 
the farms and the measures on-farm was not possible because of time constraints. For those 
farms, where inside and outside temperature was measured on-farm, further analysis of re-
cent performance and possibly fitness data are suggested. Thanks to the extremely warm 
weather conditions during early summer 2015, excellent data are available for heat stress 
analysis. 
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Fig. 5: Effect of THI (temperature-humidity index) and maximum temperature (averages of up to 

three days before performance testing) on milk yield per cow and day in Fleckvieh cows (N = 
2,980 and 50,295 test-day records) without allowance for the housing system 
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5 StartClim2014.D: On the importance of climate change for nutri-
tion and diseases of alpine game 

Wild game like chamois or ibex, but also black game or snow grouse, in the Alpine region 
have been confronted by changing environmental conditions (Schaumberger et al., 2006) 
and pathogenic organisms (Boch u. Schneidawind, 1988, Deutz, 2014). Climatic changes 
can influence pathogens directly, for example through parasites laying more eggs and larvae, 
and indirectly with vector-borne diseases (ticks, mosquitoes) whose distribution is dependent 
on climatic conditions. Eggs and larvae of parasites are found increasingly at higher altitudes 
and have a shorter development cycle as yearly average temperature rises (Prosl, 2008). 

Climate change also influences the dynamics of plant growth (Gruber et al., 1998; Schaum-
berger, 2011, Theurillat u. Guisan, 2001), which can positively affect the yield development 
of pasture areas but have a negative impact on the distribution of biomass increase during 
the year and digestibility. The rise in spring temperatures causes earlier onset of the vegeta-
tion period in inner-Alpine valleys by three to four days per decade. Consequently, the main 
pas-turing time for young animals happens at a time with old, overgrown plants, which are 10 
per cent less digestible than young, fresh growth. This leads to a worse condition in autumn, 
especially in young animals, higher susceptibility to diseases and therefore higher losses 
during (late) winter. 

Ibex horn growth depends on living conditions (Büntgen et al., 2013; Fandos, 1995; Giaco-
metti et al., 2002). Measurements of ibex horns can provide information about those condi-
tions and thus indirectly about climatic change. In other words, horns represent an archive of 
climate. This project is the first attempt to use it in Austria. 

Influence of climate change on illnesses and parasitic diseases in Alpine wild game 

As there has been no overview of (infectious) diseases of wild game in the Austrian Alpine 
region to date, an overview based on a literature review and own research (including five first 
descriptions with chamois and dermatophilosis, intra-uterine infection of para-tuberculosis, 
babesiosis, para-blackleg, Schmallenberg virus infection) for current populations was com-
piled in order to estimate recent and future developments. From our own material, over 400 
sections, 870 para-tuberculosis samples, 111 organ samples and 80 parasitological ex-
aminations were included. As part of the project, another eighty-eight chamois faecal sam-
ples and, for comparison, seven sheep samples were examined in 2014/15, along with the 
histological examination of twenty-four chamois lung samples. The samples came from Styr-
ia, Carinthia and Upper Austria. Most important was categorising the parasitological data by 
elevation to determine an increase in the altitude of the Alpine risk area. During the project, 
forty-four wild game sections were performed and twenty-eight para-tuberculosis (lymph 
node) samples were analysed. 

Haemonchus contortus was unexpectedly detected at altitudes above 2500 m. This blood-
sucking parasite in the abomasum is thermophilic and therefore of no relevance to chamois 
in the past. It is now causing high losses, possibly due to the short period of co-evolution of 
host and parasite, resulting in a low immune defence. An increase in the incidence of ulcer-
ous pneumonia can be found in chamois because of an infestation with small lung worms 
resulting in a secondary bacterial pneumonia. Out of twenty-four chamois lungs examined 
during the project, originating from Upper Styria, twenty-two were infested with lung worms. It 
was notable that clinical parasitosis was already found in March and April. 
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Fig. 6: Evidence of chamois parasites as a function of altitude of location/site of shooting (left); 

chamois fawn with severe parasitosis (right) 

Blindness of chamois (infectious keratoconjunctivitis) also has the potential for spreading as 
a result of climate change, not least because in warmer winter seasons flies (vectors for the 
disease) survive longer and at higher altitudes. During an observation campaign in 2006, 
flies were observed at an altitude of 2000 m at the end of November in the Niedere Tauern 
moun-tain range. In the last few years, more cases of cerebral setariosis (Setaria cervi – 
brain thread worm) have been found in red deer, and increasing incidence of sheep liver 
fluke (Fasciola hepatica) has been found in chamois. Cases of squamous cell carcinoma and 
sun-burn (!) in chamois have occurred only in the last few years, most probably in connection 
with higher UV radiation during hot summer periods. 

Influence of climate change on fodder and pasture quality and phenology 

The Johnsbach Altitudinal Transect provided a network of reference sites/plots for studying 
changing vegetation dynamics in the project. Biomass yield and fodder quality were studied 
between 1993 and 1997 in sixteen high Alpine pastures between the towns of Wald am 
Schoberpass and Hieflau (Upper Styria). Additional research has already revealed the influ-
ence of vegetation dynamics on fodder quality. The sixteen sites were distributed equally on 
the basis of altitude, orientation and base rock. The plots are located at 1100, 1300, 1500 
and 1700 m. 

The original plots were reduced in size in 2015 by agreement with the respective landowners 
and again sampled for analysis of fodder quality (raw fibre content) and botanical composi-
tion. A statistical analysis of data from 1993 to1996 gave an average of 249 g raw fibre/kg 
dry matter for the early sample. This value increased within a month to 281 g (end of flower-
ing) 

 

 
Fig. 7: Fenced sampling site (left) and development of raw fibre content in relation to altitude (right) 

There is a close correlation between time of harvest, phenologic ripeness and raw fibre con-
tent. The phenologic development of plant stands is 17 m altitude per day (= 5.9d/100m) and 
the raw fibre gain is 1 g per day. From temperature measurements taken between 1993 and 
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1996, a mean gradient of  0.54 °C per 100 m altitude could be calculated. With the assump-
tion of an increase in temperature of 1.7 °C and linearity of observed correlations, the season 
in the study area would start approximately three weeks earlier. This would mean an in-
crease in raw fibre of 22g/kg dry matter, resulting in a lower digestibility, mainly for young 
animals, hindering the further development and increasing susceptibility to diseases. In the 
recent releveés from 2015, a change in species composition could not (yet) be found, despite 
results from the literature (Gottfried et al. 2011). In our case, the influence of land use is most 
probably stronger, as also shown in the study by Walther (2010). The plots in the altitudinal 
transect are exclusively Alpine pastures, and changes in species composition are mostly 
shown at the highest altitudes (sub-Alpine – Alpine – sub-nival). 

Changes in vegetation in combination with higher temperatures lead to new situations in both 
intra- and interspecific competition (red deer – chamois; ibex – goats with kids). 

Influence of climate change on ibex horn growth 

The horns of male ibex (Capra ibex ibex) are secondary sex characteristics and show period-
ic growth. The start of growth is coupled with the start of the plant-growing season. Most of 
the yearly gain occurs in the high zones during May, June and July; afterwards it decreases 
steadily until it stops completely during winter. This is mainly influenced by the changing 
quality and yield of available fodder and by hormones. With this periodic cycle, both external 
influences like weather conditions and individual factors like diseases and wounds can be 
recognised. Horn growth is stimulated by humid and mild conditions during spring, as those 
conditions cause an early snowmelt and rapid vegetation growth. Different spring and sum-
mer conditions are mirrored in horn growth of males. Climatic developments or good pasture 
conditions can be inferred from long-term horn measurements. 

 

  
Fig. 8: Horns are optical signs for the hierarchy among males (left). The length of single growth 

sections (arrows) is significantly influenced by environmental conditions (right) 

Since 1961, single growth sections from 332 horns from the Hohe Tauern National Park have 
been measured. Differences in the sections are due for the most part to changes in weath-
er/site conditions. Based on these results and population data it has been shown that horn 
growth increases strongly in the second year. The pattern of horn growth changes as a func-
tion of population dynamics. More mass is produced relatively during the first years, and the 
length decreases with increasing animal density in this period. Conversely, in years with a 
lower population density, the annual increase is somewhat greater as the individuals grow 
older. In older studies, this was also confirmed for the growth in the second year , where the 
males are normally not yet sexually mature and hormones can therefore be excluded as a 
cause. In the Hohe Tauern the horn growth changed in the 1990s owing to higher population 
densities. If the measurement data for these two periods are analysed separately, it becomes 
evident that the growth pattern for two-year-olds does not confirm the above-mentioned cy-
cle. During the second period, there is almost no decrease in growth. This could be an indi-
cation of warming, since with an earlier onset of vegetational growth, young males were able 
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to compensate for the slower growth because of the population density found during the ear-
lier period. 

Possible strategies 

An interdisciplinary workshop on 27 May 2015 at the Raumberg-Gumpenstein Agricultural 
Research and Education Centre revealed that there are many possibilities for adaptation. 
The main issues from an agricultural point of view are the date of turning out and returning 
to/from the Alpine pastures, worming of livestock, fertiliser management and subsidies. For-
estry issues include clearing of shrubs and bushes, protection against damage by forest 
chamois and the general susceptibility of forest to damage. Members of the hunting commu-
nity mentioned the sustainable management of hunting/shooting permits for chamois and 
ibex, early achievement of the hunting quota and regulation of red deer as the main con-
cerns. It is evident that climate change is already having a marked influence on wild game, 
which will increase and involve even more severe changes. 
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6 StartClim2014.E: Weather-independent tourism offers based on 
Nature experience offers - relevance and innovative develop-
ment options 

The diverse natural and cultural landscapes in Austria offer great potential for a number of 
nature-based and nature experience-based tourism offers. Current research results (Siegrist 
et al. 2015, Pröbstl-Haider et al. 2014b, Wirth 2010) confirm that there is considerable inter-
est in such offers among tourists. Adaptation strategies are need so that this potential can be 
made use of regardless of weather conditions, now and particularly in the light of future cli-
mate change. One such strategy mentioned by a number of authors (Moen & Fredman 2007, 
Bürki et al. 2003, Mooshammer et al. 2014) is a development towards all-year tourism. 

Critics might ask why a region that generates enough turnover in the winter season should 
invest in the development of all-year tourism. Current scenarios indicate that climate change 
will have a generally perceptible, negative impact on winter seasons as of 2035, and fore-
sightful planning is necessary in this case so as to have alternative offers already established 
by then for guests and for the municipalities affected. 

To clarify the current situation in Austria in this regard, this study performed a survey of 
weather-independent nature experience offers. First, the term ‘weather-independent nature 
experience offers’ was defined (see Fig. 9). The inclusion criteria were availability for at least 
eight months a year, a local landscape reference and appeal to a broad target audience. The 
study also presented good practice examples and determined success factors for the estab-
lishment of such offers. 

The survey therefore comprised offers available for more than eight months a year, and also 
those available for five to eight months and capable of extension to eight months. In re-
searching the existing offers, it was noted that a number of providers (e.g. national parks) 
offer their extensive range of nature-experience products at set dates only. In view of the 
study definition, these could not be included. 

 

 
Fig. 9: Criteria for the definition of weather-independent nature experience offers 
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A total of 236 offers by 118 different providers were surveyed. The most offers were found in 
Styria (30.5%; n=72), followed by Lower Austria (25.8%; n=61) and Burgenland (17.8%; 
n=42). Fig. 10 shows their geographical distribution. The main themes were nature (land-
scape, animals and plants) in 39% of cases, followed by geology (16%), mysticism and cul-
ture (13%) and cuisine (11%). Some 56 per cent of offers were linked to a protected area 
such as a national park, nature park or biosphere park. About half of the offers (50.4%; 
n=119) could be accessed only as part of a guided tour, almost 40 per cent (n=93) could be 
experienced independently, and in around 10 per cent of cases (n=24) both were possible. 
Regarding cost, 60 per cent (n=141) of offers charged a fee, while all other offers (n=93) 
were free. Two offers provided no information regarding cost. Clearly, the majority of existing 
offers already contribute to the regional value added. 

 

 
Fig. 10: Distribution of surveyed nature experience offers in Austria (Map tiles by © CartoDB. 

MapData © OpenStreetMap contributors. Licensed under the Open Data Commons Open 
Database License. Design © Mapbox. Licensed according to the Mapbox Terms of Services) 

During a workshop with representatives of the Österreichische Hoteliervereinigung (ÖHV) 
Touristik Service GmbH (Austrian Hotel Association Tourism Service), the surveyed nature 
experience offers were evaluated in terms of their relevance for touristic development and 
their significance in the light of climate change. A number of criteria need to be met for the 
successful design and development of offers towards all-year tourism. These include aspects 
such as authenticity, the ‘staging’ of the touristic experience, professionalism and coopera-
tion. In other words, offers must have an authentic and well-thought-out setting in order to be 
well received. A professional service is necessary to guarantee the quality of the offers and 
to enable them to be appropriately promoted. Furthermore, cooperation with regional part-
ners is essential so as to embed the offers within the region, and also to design individual 
packages combining e.g. a hike with a tasting and an overnight stay. 

An international good practice example is the offer of a hotel on the beach of Tofino, Canada. 
This hotel offers ‘storm watching’ in winter as a special nature experience, packaged with 
fine cuisine and relaxation in a luxurious hotel room. The St. Martins Spa & Lodge in Burgen-
land is one of the pioneers in this regard in Austria, combining wellness and nature experi-
ence with a relatively high contribution to the regional value added. A further example of the 
successful combination of a number of experiences is Donau Niederösterreich Tourismus 
GmbH (Danube Lower Austria Tourism), which combines cuisine with sightseeing and hiking. 
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This evaluation of offers could also form a basis for the development of further innovative 
products in this segment. The workshop with the ÖHV revealed that physical activity, relaxa-
tion and well-being could all have significant potential as themes in the future. There is a 
trend towards the pursuit of outdoor activities even in bad weather, which allows for a certain 
degree of weather-independence. Sport activities could thus boost the shoulder seasons in 
spring and autumn. Regarding relaxation and wellbeing, the trend was thought to be moving 
towards retreat and conscious relaxation outside of everyday life. The positive health effects 
of offers also play a role in this case. 
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7 permAT – Long-term monitoring of permafrost and periglacial 
pro-cesses and its role for natural hazard prevention: Possible 
strategies for Austria 

Permafrost, perennially frozen ground overlain by a seasonally unfrozen layer, is common in 
high mountain ranges (e.g. Cremonese et al. 2012). The permAT project examined options 
for an efficient and spatially representative long-term monitoring network for observing per-
mafrost and mass movements in Austria. Such a network is relevant from a geoscientific and 
economic point of view: for the prevention of natural disasters as well as adaptation to cli-
mate change. A key goal of permAT was also to initiate an exchange platform for scientists 
and representatives of public institutions, organisations and associations. 

An extensive literature review and data search and a two-day workshop at the national level 
were conducted. The latter allowed the involvement of national and international colleagues 
in the concept development. 

Contrary to the monitoring of glaciers, the extent of permafrost can be determined only by 
numerical modelling or indirectly from terrain indicators. According to the latest available 
modelling study for entire Austria (Fig. 11; Boeckli et al. 2012), 1600–2000 km² of Austria are 
characterised by permafrost. An additional 1.5 per cent of the nations’ territory is affected by 
deep seasonal frost that has a similar impact on weathering processes. At present, there is 
no coordinated, national monitoring network despite the increasing danger of natural disas-
ters due to climate change (Kellerer-Pirklbauer 2014). A network at this level was initiated in 
Switzerland fifteen years ago (PERMOS). PERMOS receives €180,000 per year from several 
sources: the Federal Office for the Environment (FOEN), the Federal Office of Mete-orology 
and Climatology (MeteoSwiss), and the Swiss Academy of Sciences (scnat). It com-prises a 
steering committee, scientific committee, the PERMOS office, PERMOS technician, and 
PERMOS partners (Hoelzle 2015). Methods used by PERMOS include temperature monitor-
ing in boreholes and near the surface, geoelectric measurements and kinematic surveys of 
especially rock glaciers (downslope moving ice filled debris). Several countries have started 
similar initiatives, e.g. France (PERMAFRANCE) and Norway (NORPERM). 
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Fig. 11: Distribution of permafrost in Austria, (Boeckli et al. 2012) and location of existing permafrost 

and periglacial monitoring sites in Austria (n=22). Active – current monitoring; inactive – 
monitoring has been recently undertaken 

PermAT demonstrated that there is extensive interest in a national network for permafrost 
and associated periglacial processes. The International Permafrost Association (IPA) and 
Global Terrestrial Network – Permafrost (GTN-P) are the relevant bodies at the international 
level. GTN-P is the most important programme for permafrost monitoring and is supported by 
the Global Climate Observing System (GCOS) and the Global Terrestrial Observing System 
(GTOS). Permafrost is one of the Essential Climate Variables listed by GCOS. This includes 
two parameters, namely temperature and the thickness of the active layer (seasonally unfro-
zen part). Both measures can only be determined by boreholes in Alpine terrain. Currently, 
there are five boreholes at Kitzsteinhorn, three at Hoher Sonnblick (other sites are located in 
the Hohe Tauern range) and one in the Dachstein Massif (Northern Calcareous Alps). Relat-
ed permafrost/periglacial monitoring with other methods has been conducted at another nine-
teen sites in Austria (Fig. 11). The majority of the permafrost areas in Austria are not moni-
tored, however. Documentation of the state of permafrost serving the needs of stakeholders 
is not available at present. 

More than forty mountain huts are affected directly by permafrost or indirectly by rockfalls 
from nearby permafrost-affected rock walls. More than half of these huts are owned by the 
German Alpine Club and are located in Tyrol. The highest mountain hut in Austria (Erzher-
zog-Johann-Hütte in the Glockner mountain range at 3454 m) has been recently impacted by 
permafrost changes. Of economic importance is the overlap with twenty-three ski resorts and 
thirty-one reservoirs. Apart from water availability in permafrost basins (including wells from 
rock glaciers), destabilisation of slopes and infrastructure need to be considered. Permafrost 
and its changes are therefore relevant for geological and hydrological services at the regional 
level, and watercourse and avalanche management and the geological survey at the national 
level. 

Nine political districts in Austria are underlain by more than 100 km² of permafrost. Most are 
located in Tyrol (Imst, Lienz, Landeck, Innsbruck-Land, Schwaz and Reutte), with one each 
in Salzburg (Zell am See), Carinthia (Spittal an der Drau) and Vorarlberg (Bludenz). St. Jo-
hann im Pongau has just under 100 km² of potential permafrost. This geographical distribu-
tion is not reflected by the current monitoring network. Ongoing research can be documented 
for only sixteen out of twenty-two sites (Fig. 12). The longest continuous record of ground 



Final Report StartClim2014 

StartClim2014 Page 29 

temperature in Austria is available from the eastern Alps (Hochreichartgebiet, Niedere Tau-
ern). It shows a clear warming trend of the ground since 2004, which also gives indication of 
the permafrost beneath (Kellerer-Pirklbauer 2014). Most of the sixteen active sites are locat-
ed in the Hohe Tauern range. Large permafrost regions between the Glockner mountain 
range and the Ötztaler Alps, and between Tyrol und Vorarlberg, the Northern Calcareous 
Alps and the eastern part of the Niedere Tauern Range are not represented. 

Existing monitoring sites should be evaluated to establish a spatially representative network. 
Synergies with other networks need to be exploited in the choice of new sites (existing net-
works of ZAMG/meteorological office, HZB/hydrological office, LWD/avalanche control, 
mountain huts, reservoirs and ski resorts, as well as programmes such as GLORIA and 
LTER/LTSER). As in PERMOS, different types of sites need to be distinguished. There are 
classical temperature monitoring sites (supplemented by geophysical and hydrological moni-
toring) as well as kinematics sites with active rock glaciers and unstable rock walls. The 
number of boreholes needs to be increased, especially in Tyrol. All datasets and derived 
products need to be distributed to potential stakeholders, for preference in digital format via 
an online portal. 

 
Fig. 12: Potential future monitoring sites using existing infrastructure from the different national agen-

cies (ZAMG, HZB, LWD) and international programmes (GLORIA, LTER). For the sake of 
clarity, ski resorts, Alpine reservoirs and mountains huts (which are directly or indirectly in-
fluenced by permafrost) are not indicated in the map 

The required financial support varies depending on the responsibilities of existing networks. 
The most important networks are maintained by universities (project-based, or HRSM by 
BMWFW), ZAMG (BMWFW and projects), the avalanche warning service, hydrological sur-
vey (BMLFUW), geological survey (project-based), BEV (regional level Landes-GIS-Stellen 
(production of digital elevation models). Potential sources of project funding are the Austrian 
Academy of Sciences (BMWFW), FWF (BMWFW), FFG (BMLFUW and BMVIT) and directly 
the BMLFUW (e.g. eHYD) and BMVIT (KIRAS programme). Locally, provincial gov-ernments 
and national park authorities could initiate studies. Potential financing for a national network 
needs to come from a combination of these institutions in addition to stakeholders from in-
dustry. A minimum investment of €1.5 million is required in order to achieve a similar repre-
sentativity as in Switzerland, taking synergies with e.g. ZAMG and HZB stations, Alpine huts 
and skiing infrastructure into account. Annual costs for further maintenance are in the order 
of € 200,000. 
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Annex 

The following projects were part of StartClim2003 to StartClim2013. All reports can be found on 
the StartClim2014 CD-ROM or downloaded from the StartClim webpage (www.startclim.at). 

Contributions to StartClim2003 

StartClim.1: Quality control and statistical characteristics of selected climate pa-
rameters on the basis of daily values in the face of extreme value anal-
ysis 
Central Institute of Meteorology and Geodynamics: Wolfgang Schöner, 
Ingeborg Auer, Reinhard Böhm, Sabina Thaler 

StartClim.2: Analysis of the representativeness of a data collected over a span of 
fifty years for the description of the variability of climatic extremes 
Central Institute of Meteorology and Geodynamics: Ingeborg Auer, Reinhard 
Böhm, Eva Korus, Wolfgang Schöner 

StartClim.3a: Extreme events: documentation of hazardous events in Austria such 
as rock avalanches, floods, debris flows, landslides, and avalanches 
Institute of Forest and Mountain-Risk Engineering, BOKU: Dieter Ricken-
mann, Egon Ganahl 

StartClim.3b: Documentation of the impact of extreme weather events on agricultural 
production 
ARC Seibersdorf research: Gerhard Soja, Anna-Maria Soja 

StartClim.3c: Meteorological extreme event data information system for the eastern 
Alpine region – MEDEA 
Federal Environment Agency: Martin König, Herbert Schentz, Johann Weigl 
IIASA: Mathias Jonas, Tatiana Ermolieva 

StartClim.4: Development of a method to predict the occurrence of extreme events 
from large-scale meteorological fields 
Institute of Meteorology and Physics, BOKU: Andreas Frank, Petra Seibert 

StartClim.5: Testing statistical downscaling techniques for their applicability to 
extreme events in Austria 
Institute of Meteorology and Physics, BOKU: Herbert Formayer, Christoph 
Matulla, Patrick Haas 
GKSS Forschungszentrum Geesthacht: Nikolaus Groll 

StartClim.6: Adaptation strategies for economic sectors affected heavily by ex-
treme weather events: economic evaluation and policy options 
Austrian Humans Dimensions Programme (HDP-A), Department of Econom-
ics, Karl-Franzens-Universität Graz: Karl Steininger, Christian Steinreiber, 
Constanze Binder, Erik Schaffer, Eva Tusini, Evelyne Wiesinger 

StartClim.7: Changes in the social metabolism due to the 2002-flooding in Austria: 
case study of an affected community 
Institute of Interdisciplinary Studies of Austrian Universities (IFF): Willi Haas, 
Clemens Grünbühel, Brigitt Bodingbauer 

StartClim.8: Risk-management and public prosperity in the face of extreme weather 
events: What is the optimal mix of private insurance, public risk pool-
ing and alternative transfer mechanisms? 
Department of Economics, Karl-Franzens-Universität Graz: Walter Hyll, 
Nadja Vetters, Franz Prettenthaler 

StartClim.9: Summer 2002 floods in Austria: damage account data pool 
Centre of Natural Hazards and Risk Management (ZENAR), BOKU - Univer-
sity of Natural Resources and Applied Life Sciences: Helmut Habersack, 
Helmut Fuchs 

StartClim.10: Economic aspects of the 2002 floodings: data analysis, asset accounts 
and macroeconomic effects 
Austrian Institute of Economic Research (WIFO): Daniela Kletzan, Angela 
Köppl, Kurt Kratena 

StartClim.11: Communication at the interface science – education 
Institute of Meteorology and Physics, BOKU - University of Natural Re-
sources and Applied Life Sciences: Ingeborg Schwarzl 
Institute of Interdisciplinary Studies of Austrian Universities (IFF): Willi Haas 

StartClim.12: Developing an innovative approach for the analysis of the August 2002 
flood event in comparison with similar extreme events in recent years 
Department of Meteorology and Geophysics, University of Vienna: Simon 
Tschannett, Barbara Chimani, Reinhold Steinacker 

StartClim.13: High-resolution precipitation analysis 
Department of Meteorology and Geophysics, University of Vienna: Stefan 
Schneider, Bodo Ahrens, Reinhold Steinacker, Alexander Beck 

StartClim.14: Performance of meteorological forecast models during the August 
2002 floods 
Central Institute of Meteorology and Geodynamics: Thomas Haiden, Alex-
ander Kann 

StartClim.C: Design of a long term climate/climate-impact research programme for 
Austria 
Institute of Meteorology and Physics, BOKU: Helga Kromp-Kolb, Andreas 
Türk 

StartClim Reference database: Implementation of a comprehensive literature database 
on climate and climate impact research as a generally accessible basis 
for future climate research activities 
Institute of Meteorology and Physics, University of Natural Resources and 
Applied Life Sciences: Patrick Haas 

 

Contributions to StartClim2004 

StartClim2004.A: Analysis of heat and drought periods in Austria: extension of the daily 
StartClim data record by the element vapour pressure 
Central Institute of Meteorology and Geodynamics: Ingeborg Auer, Eva Ko-
rus, Reinhard Böhm, Wolfgang Schöner 
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StartClim2004.B: Investigation of regional climate change scenarios with respect to heat 
waves and dry spells in Austria 
Institute of Meteorology, BOKU: Herbert Formayer, Petra Seibert, Andreas 
Frank, Christoph Matulla, Patrick Haas 

StartClim2004.C: Analysis of the impact of the drought in 2003 on agriculture in Austria 
– comparison of different methods 
ARC Seibersdorf research: Gerhard Soja, Anna-Maria Soja 
Institute of Meteorology, BOKU: Josef Eitzinger, Grzegorz Gruszczynski, 
Mirek Trnka, Gerhard Kubu, Herbert Formayer 
Institute of Surveying, Remote Sensing and Land Information, BOKU: Wer-
ner Schneider, Franz Suppan, Tatjana Koukal 

StartClim2004.F: Continuation and further development of the MEDEA event database 
Federal Environment Agency: Martin König, Herbert Schentz, Katharina 
Schleidt 
IIASA: Matthias Jonas, Tatiana Ermolieva 

StartClim2004.G: “Is there a relation between heat and productivity?“ A project at the 
interface between science and education 
Institute of Meteorology, BOKU: Ingeborg Schwarzl, Elisabeth Lang, Erich 
Mursch-Radlgruber 

 

Contributions to StartClim2005 

StartClim2005.A1a: Impacts of temperature on mortality and morbidity in Vienna 
Medical University of Vienna, Centre for Public Health, Institute of Environ-
mental Hygiene: Hanns Moshammer, Hans-Peter Hutter 
Institute of Meteorology, BOKU: Andreas Frank, Thomas Gerersdorfer 
Austrian Federal Institute of Health Care: Anton Hlava, Günter Sprinzl 
Statistics Austria: Barbara Leitner 

StartClim2005.A1b: Nocturnal cooling under a changing climate 
Institute of Meteorology, BOKU: Thomas Gerersdorfer, Andreas Frank, Her-
bert Formayer, Patrick Haas 
Medical University of Vienna, Centre for Public Health, Institute of Environ-
mental Hygiene: Hanns Moshammer 
Statistics Austria: Barbara Leitner 

StartClim2005.A4: Impacts of meteorological extreme events on safety of drinking water 
supply in Austria 
Institute of Sanitary Engineering and Water Pollution Control, BOKU: Rein-
hard Perfler, Mario Unterwainig 
Institute of Meteorology, BOKU: Herbert Formayer 

StartClim2005.C2: Studies on the distribution of tularaemia under the aspect of climate 
change 
Gesellschaft für Wildtier und Lebensraum – Greßmann & Deutz OEG: Armin 
Deutz 
HBLFA Raumberg Gumpenstein, Agricultural Research and Education Cen-
tre: Thomas Guggenberger 

StartClim2005.C3a: Impacts of climate change on agricultural pests and antagonists in 
organic farming in Eastern Austria 
Bio Forschung Austria: Bernhard Kromp, Eva Maria Grünbacher, Patrick 
Hann 
Institute of Meteorology, BOKU: Herbert Formayer 

StartClim2005.C3b: Risk analysis of the establishment of the western flower thrips 
(Frankliniella occidentalis) under outdoor conditions in Austria as a re-
sult of the climate change 
The Austrian Agency für Health and Food Safety, AGES: Andreas Kahrer 
Institute of Meteorology, BOKU: Herbert Formayer 

StartClim2005.C5: An allergenic neophyte and its potential spread in Austria – range 
dynamics of ragweed (Ambrosia artemisiifolia) under influence of cli-
mate change 
VINCA, Vienna Institute for Nature Conservation & Analysis: Ingrid Klein-
bauer, Stefan Dullinger 
Federal Environment Agency: Franz Essl, Johannes Peterseil 

StartClim2005.F: GIS-sustained simulation of diminishing habitats of snow grouse, 
black grouse, chamois and capricorn under conditions of global warm-
ing and heightening forest limits 
Joanneum Research: Heinz Gallaun, Jakob Schaumberger, Mathias Schardt 
HBLFA Raumberg-Gumpenstein: Thomas Guggenberger, Andreas 
Schaumberger, Johann Gasteiner 
Gesellschaft für Wildtier und Lebensraum - Greßmann & Deutz OEG: Armin 
Deutz, Gunter Greßmann 

 

Contributions to StartClim2006 

StartClim2006.A: Particulate matter and climate change – are there connections between 
them in north-eastern Austria? 
Institute of Meteorology, BOKU: Bernd C. Krüger, Irene Schicker, Herbert 
Formayer 
Medical University of Vienna, Centre for Public Health, Institute of Environ-
mental Hygiene: Hanns Moshammer 

StartClim2006.B: Risk Profile for the autochthonous occurrence of Leishmania infec-
tions in Austria 
Medical University of Vienna: Horst Aspöck, Julia Walchnik 
Institute of Meteorology, BOKU: Thomas Gerersdorfer, Herbert Formayer 

StartClim2006.C: Effects of climate change on the dispersion of white grub damages in 
the Austrian grassland 
Bio Forschung Austria: Eva Maria Grünbacher, Patrick Hann, Claus Trska, 
Bernhard Kromp 
Institute of Meteorology, BOKU: Herbert Formayer 

StartClim2006.D1: Sensitivity of Austrian summer tourism to climate change 
Institut für touristische Raumplanung: Volker Fleischhacker 
Institute of Meteorology, BOKU: Herbert Formayer 
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StartClim2006.D2: Effects of climate change on the climatic potential of tourism 
Institute of Meteorology, University of Freiburg: Andreas Matzarakis, Christi-
na Endler, Robert Neumcke 
Central Institute of Meteorology and Geodynamics: Elisabeth Koch, Ernest 
Rudel 

StartClim2006.D3: See-Vision: influence of climate change-induced fluctuation of water 
level in Lake Neusiedl on the perception and behaviour of visitors and 
locals 
Institute of Landscape Development, Recreation and Conservation Planning, 
BOKU: Ulrike Pröbstl, Alexandra Jiricka, Thomas Schauppenlehner 
Simon Fraser University, Burnaby, Canada: Wolfgang Haider 

StartClim2006.F: Climate change impacts on energy use for space heating and cooling 
in Austria 
Institute of Technology and Regional Policy, Joanneum Research (1); 
Wegener Center for Climate and Global Change, University of Graz (2); 
Institute for Geophysics, Astrophysics and Meteorology, University of Graz 
(3); 
Institute for Meteorology and Geophysics, University of Vienna (4); 
Institute of Energy Research, Joanneum Research (5) 
Franz Prettenthaler 1,2, Andreas Gobiet 2,3, Clemens Habsburg-Lothringen 
1, Reinhold Steinacker 4, Christoph Töglhofer 2, Andreas Türk 2,5 

 

Contributions to StartClim2007 

StartClim2007.A: Enlargement and completion of the StartClim dataset for the element 
daily snow depth. Update of the already existing StartClim datasets (air 
temperature, precipitation and vapour pressure) until April 2007 
Central Institute of Meteorology and Geodynamics: Ingeborg Auer, Anita 
Jurković, Reinhard Böhm, Wolfgang Schöner, Wolfgang Lipa 

StartClim2007.B: Health risks for the Austrian population due to the depletion of strato-
spheric ozone 
Institute of Meteorology, University of Natural Resources and Applied Life 
Sciences, Vienna: Stana Simic 
Institute of Medical Physics and Biostatistics, University of Veterinary Medi-
cine Vienna: Alois W. Schmalwieser 
Medical University of Vienna, Centre for Public Health, Institute of Environ-
mental Hygiene: Hanns Moshammer 

StartClim2007.C: Adaptations of insect pests to climate change in crop production of 
eastern Austria: conception of a long-term monitoring system 
Bio Forschung Austria: Eva-Maria Grünbacher, Patrick Hann, Bernhard 
Kromp 
Institute of Meteorology, University of Natural Resources and Applied Life 
Sciences, Vienna: Herbert Formayer 

StartClim2007.D: Consequence of the climate-induced upwards shift of the timberline on 
the release of greenhouse gases - dynamics of soil organic matter 
Federal Forest Office: Robert Jandl, Andreas Schindlbacher, Sophie 
Zechmeister-Boltenstern, Michael Pfeffer 
Department of Forest and Soil Sciences, University of Natural Resources 

and Applied Life Sciences, Vienna: Klaus Katzensteiner 
Federal Environment Agency: Sabine Göttlicher 
University of Vienna: Hannah Katzensteiner 
Tiroler Landesforstdirektion: Dieter Stöhr 

StartClim2007.E: Global change and its effect on runoff behaviour of glacierised basins 
with regard to reservoir power stations 
Institute of Meteorology and Geophysics, University Innsbruck: Michael 
Kuhn, Marc Olefs, Andrea Fischer 

StartClim2007.F: ALSO WIKI – Alpine summer tourism in Austria and the potential ef-
fects of climate change 
Austrian Institute for Regional Studies and Spatial Planning: Cornelia Kra-
jasits, Gregori Stanzer, Adolf Anderl, Wolfgang Neugebauer, Iris Wach 
Central Institute of Meteorology and Geodynamics: Christine Kroisleitner, 
Wolfgang Schöner 

StartClim2007.G: Integrated modelling of the economy under climate change in applica-
tion of the STERN report (STERN.AT) 
Wegener Centre for Climate and Global Change, University of Graz: Olivia 
Koland, Karl Steininger, Andreas Gobiet, Georg Heinrich, Claudia Kettner, 
Alexandra Pack, Matthias Themeßl, Christoph Töglhofer, Andreas Türk, 
Thomas Trink 
Joanneum Research, Institut für Technologie- und Regionalpolitik: Raimund 
Kurzmann 
University of Natural Resources and Applied Life Sciences, Vienna: Erwin 
Schmid 

 

Contributions to StartClim2008 

StartClim2008.A: Impacts of adaptation measures on the acute mortality risk due to 
extreme temperature in Vienna 
Institute of Environmental Hygiene, Centre for Public Health, MUW: Hanns 
Moshammer, Hans-Peter Hutter 
Institute of Meteorology, BOKU: Thomas Gerersdorfer 

StartClim2008.B: Which adaptations of soil erosion protection measures can be recom-
mended for expected climate change impacts? 
Institute of Hydraulics and Rural Water Management, BOKU: Andreas Klik 
Institute of Meteorology, BOKU: Josef Eitzinger 
Institute of Agronomy and Plant Breeding, BOKU: Peter Liebhard 

StartClim2008.C: Practical testing of the monitoring concept “Adaptations of insect 
pests to climate change in crop production of eastern Austria” by in-
vestigating the distribution of current cutworm (Agrotis segetum, 
Schiff.; Fam. Noctuidae) damage as a function of site-related and cli-
matic factors 
Bio Forschung Austria: Patrick Hann, Claus Trska, Eva Maria Frauenschuh, 
Bernhard Kromp 

StartClim2008.D: Organic agriculture in the mountains of Tyrol—contributions to miti-
gating climate change and adaptation strategies 
Division of Organic Farming, BOKU: Michael Dorninger, Bernhard Freyer 
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StartClim2008.E: Development and economic valuation of landscape structures to de-
crease evapotranspiration on agricultural acres with account taken of 
climate change and biomass production 
Institute of Landscape Development, Recreation and Conservation Planning, 
BOKU: Christiane Brandenburg, Bernhard Ferner, Sonja Völler, Brigitte Allex 
Institute of Meteorology, BOKU: Josef Eitzinger, Thomas Gerersdorfer 
Division of Organic Farming, BOKU: Bernhard Freyer, Andreas Surböck, 
Agnes Schweinzer, Markus Heinzinger 
Institute of Agricultural and Forestry Economics, BOKU: Enno Bahrs 

StartClim2008.F: Perception and evaluation of natural hazards as a consequence of 
glacier retreat and permafrost degradation in tourism destinations—a 
case study in the Tux Valley (Zillertaler Alps, Austria) 
Institute of Landscape Development, Recreation and Conservation Planning, 
BOKU: Ulrike Pröbstl 
University of Regensburg, University Eichstätt-Ingolstadt: Bodo Damm 

StartClim2008.G: Adaptation of forest soils to a changing climate 
Federal Research and Training Centre for Forests, Natural Hazards and 
Landscape: Barbara Kitzler, Verena Stingl, Sophie Zechmeister-Boltenstern 
Institute of Meteorology and Climate-Research – Atmospheric Environmen-
tal Research, Garmisch: Arjan De Brujin, Ralf Kiese, Klaus Butterbach-Bahl 

 

Contributions to StartClim2009 

StartClim2009.A: Vegetation change according to different climate and management 
conditions in Austrian mountain grassland – a case study on Styrian 
mountain grasslands 
Institute of Botany, BOKU: Gabriele Bassler, Gerhard Karrer 
Institute of Meteorology, BOKU: Herbert Formayer 
LFZ-Raumberg-Gumpenstein: Andreas Schaumberger, Andreas Bohner, 
Walter Starz 
Bio Ernte Steiermark: Wolfgang Angeringer 

StartClim2009.B: Climate-growth response of Norway spruce provenances in the Alpine 
region – an opportunity for adaption of the Austrian forestry 
Federal Research and Training Centre for Forests, Natural Hazards and 
Landscape: Silvio Schüler, Stefan Kapeller 
Central Institute of Meteorology and Geodynamics: Johann Hiebl 

StartClim2009.C: Analysis of vulnerability and adaptation to climate change in the Wie-
nerwald biosphere reserve 
Institute of Silviculture, BOKU: Stefan Schörghuber, Werner Rammer, Ru-
pert Seidl, Manfred J. Lexer 

StartClim2009.D: Humus assays as a practical tool for farmers to support carbon se-
questration in agriculture 
Bio Forschung Austria: Wilfried Hartl, Eva Erhart 

StartClim2009.E: Adapting office buildings to climate change: optimisation of thermal 
comfort 
Danube University Krems: Tania Berger, Peter Pundy 

StartClim2009.F: AlpinRiskGP - estimation of present and future risk potential for Alpine 
tourists and infrastructure caused by glacier retreat and permafrost 
changes in the Grossglockner-Pasterze glacier area (Hohe Tauern, 
Austria) 
Geography and Regional Science, Karl-Franzens-University Graz: Gerhard 
Karl Lieb, Katharina Kern, Gernot Seier, Andreas Kellerer-Pirklbauer-
Eulenstein, Ulrich Strasser 

 

Contributions to StartClim2010 

StartClim2010.A: Fields of action and responsible actors for climate change adaptation 
of public parks in cities 
Institute of Landscape Development, Recreation and Conservation Planning 
(ILEN), BOKU: Stephanie Drlik, Andreas Muhar 

StartClim2010.B: Recommendations for an adaptation of urban open and green spaces 
in Austrian cities and city regions 
PlanSinn GmbH, Office for Planning and Communication: Erik Meinharter 
Federal Environment Agency: Maria Balas 

StartClim2010.C: The social costs of adaptation: approaches to an evaluation of adapta-
tion options (SALDO) 
Wegener Center for Climate and Global Change, University Graz: Birgit 
Bednar-Friedl, Olivia Koland, Janine Raab 
Federal Environment Agency: Martin König 

StartClim2010.D: Integrated precautionary and adaptation measures for the Marchfeld 
region 
Institute for Sustainable Economic Development, BOKU: Christine Heumes-
ser, Mathias Kirchner, Erwin Schmid, Franziska Strauss 

StartClim2010.E: Ecological and silvicultural characteristics of European larch (Larix 
decidua Mill.) – consequences for forest management in Austria in 
consideration of climate change 
Institute of Silviculture, BOKU: Eduard Hochbichler, Gabriele Wolfslehner, 
Roland Koeck, F. Arbeiter 
Federal Research and Training Centre for Forests, Natural Hazards and 
Landscape: Herfried Steiner, Georg Frank 
Institute of Meteorology, BOKU: Herbert Formayer 

Startclim2010.F: Hot town, summer in the city – effects of hot days on recreational and 
leisure behaviour and sightseeing programmes of city tourists as ex-
emplified by the case of Vienna 
Institute of Landscape Development, Recreation and Conservation Planning 
(ILEN), BOKU: Christiane Brandenburg, Brigitte Allex, Ursula Liebl, Christina 
Czachs 
Institute of Meteorology, BOKU: Thomas Gerersdorfer 

StartClim2010.G: Knowledge-based platform to optimise operations strategies in han-
dling natural hazards 
Austrian Red Cross: Jürgen Högl, Clemens Liehr, Gerry Foitik 
Institute of Production and Logistics, BOKU: Manfred Gronalt, Magdalena 
Schweiger, Patrick Hirsch 
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Contributions to StartClim2011 

StartCim2011.A: Climatic influence on voltinism and spread of the spruce bark beetle, 
Ips typographus, in alpine areas 
Institute of Forest Entomology, Forest Pathology & Forest Protection, BOKU: 
Axel Schopf, Emma Blackwell, Veronika Wimmer 

StartClim2011.B: Analyzing Austria's forest disturbance regime as basis for the devel-
opment of climate change adaptation strategies 
Institute of Silviculture, BOKU: Rupert Seidl, Dominik Thom 
Institute of Forest Protection, Federal Research and Training Center for For-
ests, Natural Hazards, and Landscape (BFW): Hannes Krehan, Gottfried 
Steyrer 

StartClim2011.C: Effects of soil drying on the transpiration of Austrian tree species 
University of Innsbruck: Georg Wohlfahrt, Stefan Mayr, Christoph Irschick, 
Sabrina Obwegeser, Petra Schattanek, Teresa Weber, Dorian Hammerl, 
Regina Penz 

StartClim2011.D: Adapting Austrian forestry to climate change: Assessing the drought 
tolerance of Austria’s autochthonous tree species 
Institute of Botany, BOKU: Gerhard Karrer, Gabriele Bassler 
Institute of Forest Ecology, BOKU: Helmut Schume, Bradley Matthews 
Vienna Institute for Nature Conservation and Analyis, V.I.N.C.A: Wolfgang 
Willner 

 

Contributions to StartClim2012 

StartClim2012.A: Cover crops as a source or sink of soil greenhouse gas emissions? 
Division of Agronomy, Department of Crop Sciences, BOKU: Gernot Bodner, 
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