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Abstract
StartClim has been studying the topic of adaptation to climate change since 2008.
StartClim2013 focuses on the subject of “water”. Three projects addressed issues related to
floods and runoff, two studied climate-induced changes to aquatic habitats and the effects on
domestic fish species and one project examined whether climate change causes an increased occurrence of agricultural pests. Lastly, one work investigated how natural disaster
management could take issues of gender and social diversity into account.
The seasonal distribution of runoff in Alpine catchments is markedly influenced by the cryospheric contribution (snow and ice). Long-term climate change will alter these reservoirs
and consequently have a direct impact on the water balance caused by changes in temperature and precipitation and an indirect impact linked to glacier retreat.
Mean runoff and annual runoff maxima were analysed in the catchment of the river Ötztaler
Ache at the runoff gauges Brunau (890km², 11% glaciated), Obergurgl (72.5km², 28% glaciated) and Vent (165.4km², 31% glaciated; glaciation percentages from 2006).
Under consideration of the climate scenarios used, model results show a reduction in glacier
volume and area to less than 20% of the current ice cover by the end of the 21st century.
Thus, runoff from ice melt will decrease in the summer months while an increase in runoff
can be expected in spring and autumn, due to a rise in snowline altitude. Overall, an increase
in mean runoff in spring and a decrease in average runoff in summer are likely. This will
cause a shift in the seasonal distribution of annual runoff maxima from July and August to
May and June. These changes will have an impact on flooding scenarios and should be taken into account in flood risk predictions.
Even before the implementation of the EU Floods Directive, member states were urged to
pay greater attention to the issue of flood risk management. Development pressure, especially in Alpine regions, and the associated increase in impermeable surfaces, combined with
the siting of new developments in areas of high flood risk, represent an ever-increasing challenge for flood risk management.
Based on several good-practice examples, options for interdisciplinary, transsectoral and
sustainable development of areas with high flood risk were examined. The key issue is to
increase cooperation between communities. Clearly targeted information about flood risks
and development implications will help raise awareness and create a better understanding of
the need for an integrated approach to the development of river catchment areas. Interdisciplinary and participative visioning processes for river areas, designed to formulate regional
objectives across communities, may be able to halt or even reverse the trend towards everincreasing flood damage potential in high-risk areas.
Strategic funding on a regional and national level, developed on the basis of the aforementioned visioning processes and regional objectives, can help compensate for imbalances
between upstream communities and those further downstream, thereby supporting a proactive and preventative approach to flood risk management. The real question to ask in all
this is: “How can we best develop our living environment with – not against – the river?” and
this will also have to incorporate possible climate change scenarios.
Damage caused by floods has increased drastically in Austria and all across Europe over the
last decades. This is caused on the one hand by land use changes in the catchments and
valleys, which increased flood risk downstream (e.g. the loss of floodplains) and on the other
hand by an increase of high-value land uses on flood-prone areas. Therefore, the Austrian
Strategy for Adaptation to Climate Change, as well as the EU Floods Directive, demand the
preservation of existing and the restoration of lost floodplains in the context of an integrated
flood risk management.
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The objective of one of the StartClim2013 projects was to examine the connection between
loss of floodplains and flood risk. Analysis of recent and historic aerial photos of the last 60
years at the Tyrolean Inn showed a strong shift from flood-adapted land uses (fields and
grassland) to more flood-sensitive uses (settlements, industry & commerce, special areas
and transportation areas), which now cover one third of the valley. In order to protect these
higher value land uses, flood defence works have been constructed, separating the river
from the adjacent land. Overall, this has led to increased flood risk, not just locally for nearby
residents, but also on a larger scale for settlements further downstream. Flood-adapted uses
on floodplain land, on the other hand, do not increase flood risk. Considering the anticipated
increase in flood events as a result of climate change, it is recommended to preserve or even
reconnect floodplains as part of an integrated flood risk management.
Headwaters of Alpine rivers in Austria are characterized by a predominance of brown trout,
which is optimally adapted to cold water temperatures, high oxygen concentrations and high
water flow. Climate change is likely to reduce trout habitats or shift brown trout habitats to
higher altitudes. However, the effects of high temperatures on the behaviour of brown trout in
the summer are not well understood and insight is missing on whether or how adaptive strategies can be developed to mitigate the impacts of climate change on brown trout populations.
Observation of brown trout combined with water temperature measurement in the headwaters of the river Traun during summer 2013 provided new insights into trout behaviour in relation to high water temperatures. Watercourses in the study area already showed significantly
higher water temperatures in summer, due to the warming effect of connected lakes. Temperatures measured in the study area in summer 2013 showed clearly that these habitats
were too warm for brown trout and negative effects on fish growth and mortality are likely.
Observation of trout behaviour indicates that the fish prefer deeper and cooler areas during
warm periods.
Such habitats are, however, not accessible in all areas, due to artificial barriers (e.g., dams
and weirs) and low water levels in summer. Instead, brown trout compensate higher temperatures with reduced activity during the daytime. Competition for space and food potentially
aggravates the negative effects of high temperatures. Adaptive strategies for areas where
brown trout are affected by thermal stress during summer should therefore focus on conserving and maximizing groundwater inflow, minimizing barriers in creeks and rivers, optimizing
fisheries management and enhancing habitat diversity for brown trout.
Climate change affects fish not just through increasing water temperature. In addition, decreasing flow rates in summer reduce the volume of habitat available, while nutrient concentrations increase. Here, land use has a more pronounced effect on flow rates in summer than
air temperature.
These interrelations were quantified for a representative set of Austrian rivers and streams.
Based on these relationships, scenarios were developed for 2050, predicting nitrite concentrations, flow rates and key fish species occurrence in summer. Summer values were used,
as for cold-water species the effects of climate change are likely to be more critical during the
summer months.
Temperature does not only affect fish populations, but also nitrite concentrations. Nitrite concentrations increase with reduced flow rates and increasing temperatures. The substance is
toxic to fish and, in combination with rising temperatures, is expected to limit the occurrence
of cold-water fish species. The effect is most pronounced for the grayling, a cold-water fish,
but, interestingly, barbel and nase carp – two species typical for larger rivers – are also affected. Large areas of arable farming in the catchment area leads to lower flow rates and
higher nitrite concentrations in summer. Wetlands are able to mitigate these negative effects
to some extent.
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According to the IPCC emissions scenario A1B, by 2050 the mean air temperature in summer will be 3 to 4°C (maximum 5°C) higher compared to 2000. Considerable loss of habitat
for cold-water fish species can be expected as a result, whereas the distribution of species
that are less sensitive to temperature is likely to expand. In the case of potentially invasive
species, such as top-mouth gudgeon, this is expected to have negative effects on other fish
species.
The impacts of climate change on habitats also facilitate the survival of other invasive species in Austria. Particularly problematic are agricultural pests, like wireworms, which were
studied in StartClim2013. The larvae of click beetle species (Coleoptera, Fam. Elateridae)
can cause substantial damage to agriculture by feeding on crops. As climate change is expected to raise mean temperatures, indigenous thermophile wireworm species will be able to
increase their pressure on crops, while new species from the Mediterranean may migrate
further north. Dealing with increasing wireworm pressure will require a practical tool for wireworm damage risk analysis.
Both soil temperature and soil moisture decisively influence larval movement within the soil
column. If conditions are favourable, wireworms will be located near the surface, where they
can feed on the plants’ subterranean parts. If the topsoil is too hot and dry or too cold and
moist, they migrate into deeper soil regions, where conditions are more favourable. Based on
this relationship, the wireworm prognosis model SIMAGRIO-W, developed in Germany, calculates the percentage of a given wireworm population that is located in the upper 15cm of
the soil column (= damaging zone), and thereby the damage risk. If high wireworm activity is
expected in the damaging zone, it may be advisable, for example, to delay the cultivation of
maize or to bring the potato harvest forward. Furthermore, the model can assist with density
measurements or control measures, e.g. intensive soil cultivation, which needs to be conducted when the larvae are near the surface.
In western Germany, initial validations of the model showed more than 80% correct predictions. In our study, SIMAGRIO-W was tested for its applicability to Eastern Austrian agriculture, by comparing the model’s predictions for wireworm population percentages in the topsoil layer at four study sites in Eastern Austria to larvae counts at the same sites. This validation showed a much lower hit rate of 54% and only two veritable predictions regarding peaks
of wireworm activity. The weak hit rate was primarily due to the fact that SIMAGRIO-W assumes an activity maximum at 11°C, while, at the experimental sites, high wireworm activity
was measured at temperatures of up to 26°C. This discrepancy may be explained by differences in temperature optimum and tolerance between the Agriotes species dominating in
Eastern Austria (e.g. A. ustulatus and A. brevis) and in western Germany (e.g. A. obscurus),
where the model was developed. If the thermal preferences of regionally dominant wireworm
species are factored in, SIMAGRIO-W should also be able to make a valuable contribution to
the prevention of wireworm damage in Eastern Austrian agriculture. Consequently, further
studies aimed at adapting the model to regional conditions are strongly recommended.
Climate change is not gender-neutral. Women and men are affected in different ways by natural disasters – which are likely to increase due to climate change. Furthermore, policies and
climate change mitigation strategies, as well as adaptation instruments and measures, have
different impacts on women and men.
Using the debris flow in 2012 in St. Lorenzen, a village in the municipality of Trieben in the
Palten Valley in Styria as a case study, the research team tested methods, instruments and
approaches for a Gender Impact Assessment in the context of climate change and natural
hazards. Within this project, the term “gender” is defined in a wider sense as “gender+” and
includes differences between individuals and groups in terms of their life stage and situation,
social and cultural background.
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The results show that as of yet there is little awareness among the population as well as
within emergency response teams of group- and gender-specific aspects, but that raising
awareness of different gender- and group-specific needs and requirements may not only improve emergency responses, but also support people’s ability to help themselves and
strengthen community resilience.
The analysis also revealed that people without strong local, social networks tend to be worse
affected by the impacts of a natural disaster. The results of this research back the theory that
the integration of gender-specific aspects in the management and prevention of natural disasters forms part of a comprehensive and effective approach. The objective is not to help
everybody in the same way, but to help everyone equally well. This requires a differentiated
approach that respects different needs and allows all groups to participate equally in decision-making processes.
The project furthermore makes suggestions for gender-sensitive analysis tools for natural
disasters in an Austrian context as well as practical tools for regional and local governments
and practitioners in disaster management.
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1 The StartClim research programme
The StartClim climate research programme is a flexible instrument. Because of the short project 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
(2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013)

o

Federal Ministry of Health
(2005, 2006, 2007)

o

Federal Ministry of Science and Research and Federal Ministry of Economy, Family
and Youth (since 2014: Federal Ministry of Science, Research and Economy)
(2003, 2004, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013)

o

Federal State of Upper Austria
(2012, 2013)

o

Austrian Federal Forests
(2008, 2009, 2010, 2011, 2012, 2013)

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. In StartClim2012 and
2013, the programme objective was to deliver valuable contributions to the implementation of
the Austrian National Adaptation Strategy.
The seven StartCim2013 projects focused on the subject area “water”. Different aspects relevant to adaptation to climate change were explored. The projects investigated thermal
stress for brown trout in the headwaters of the river Traun during summer, loss of floodplains
and flood risk in the context of climate change, runoff scenarios in the Ötztal valley (Tyrol,
Austria) considering changes of the cryosphere as a result of climate change, recommendations for changes to regional development and spatial planning in areas of high flood risk, an
interdisciplinary analysis of the response of Austrian river systems to climate change in terms
of fish fauna and nutrients, development of a Gender Impact Assessment in the context of
climate change adaptation and natural hazards, and an assessment of the suitability of the
wireworm prognosis model SIMAGRIO-W, developed in Germany, for Eastern Austrian agriculture.
The StartClim2013 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 StartClim2013 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 will also be made
available.
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2 StartClim2013.A: Thermal stress for brown trout in the headwaters of the river Traun during summer
Headwaters of Alpine rivers are characterised by a predominance of brown trout, which is
well adapted to cold water temperatures, high oxygen concentrations and fast water flow.
This fish species thrives in low water temperatures between 3°C and 19°C and shows reduced mobility in the summer months, which makes it susceptible to the effects of climate
change. Rising temperatures are likely to reduce trout habitats, i.e. shift them towards higher
altitudes. However, exactly how periods of high temperatures in summer affect the behaviour
of brown trout is not well understood, although this could help in developing adaptive strategies to mitigate the effects of climate change on the brown trout population.
For this purpose, this StartClim-project used temperature measurements in the headwaters
of the river Traun in combination with observation of brown trout behaviour to evaluate possible adaptive strategies. A characteristic feature of the study area is the warming effect of
several lakes, which feed into the tributaries of the river Traun. Consequently, even today,
river temperatures are already showing a notable increase during the summer months.
Temperatures measured at 12 sampling sites in the Upper Traun river during summer 2013
showed clearly that conditions were too warm for brown trout. Reduced growth and higher
mortality rates are likely at temperatures of more than 26°C (Fig. 1). The summer months are
the key growth period for brown trout and the time when energy reserves for reproduction in
the autumn are accumulated. Excessively high water temperatures in summer are therefore
likely to affect reproduction and limit population growth of the species.
.

Fig. 1:

High water temperatures during summer 2013, based on the example of Toplitzbach creek in
the headwaters of the river Traun. Hourly measurements (thin lines) and daily averages
(thick lines) of water temperatures measured at an elevation of 719m amsl (red lines) and
709m amsl (blue lines). Reference lines indicate optimum temperatures for brown trout
(dashed green line), the threshold where negative effects on growth are expected (dotted
green line) and the range of the upper lethal temperature (purple line), which was exceeded
for a short time during the hot period at the end of July and beginning of August 2013.
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Water temperatures decreased with increasing distance to the lake outflow in all creeks in
the headwaters of the river Traun (see Toplitzbach example in Fig. 1). Results of temperature measurements also indicated that groundwater inflow has a greater cooling effect on
Alpine creeks than the extent of shaded areas. The cooling effect was most notable at deeper parts of the creeks and rivers.
Observations of the behaviour patterns of over 8,000 brown trout at 16 different locations
revealed that brown trout prefers deeper and cooler habitats during the summer months.
Such habitats are, however, not accessible in all areas due to artificial barriers and low water
levels. Instead, brown trout compensate the greater energy demand at higher temperatures
with reduced activity during daytime, shifting their main activity to the cooler night hours.
An increase in the overall number of fish species due to migration of lake species into creeks
and rivers during the summer seemed to have no noticeable effect on the number of brown
trout in their habitat. Immigration of predatory species, such as perch, could, however, have
a considerable effect on the number of younger and smaller brown trouts. Additionally, the
presence of rainbow trout was documented at all sampled locations in the headwaters of the
river Traun, with the exception of the Toplitzbach and Stimitzbach creeks. Rainbow trout is a
non-indigenous species originating from North America. Rainbow trout and brown trout share
the same food sources and are consequently direct competitors. Such competition for space
and food has the potential to aggravate the negative impacts of increasing temperatures.
To mitigate the effects of rising water temperatures on brown trout populations, the study
recommends optimizing habitats and making adjustments to fisheries management as suitable adaptation strategies. Enabling sufficient influx of cooler groundwater is of particular importance and any construction measures on riverbeds that seal off or limit groundwater inflows should be avoided. Rather, creating a wider range of microhabitats, e.g. through dead
wood, stones and rocks, could support brown trout populations. Riverbed enhancement
measures need to offer more opportunities for brown trout to retreat and seek shelter during
periods of high temperatures and low water levels. Furthermore, preserving, or even creating, deeper – and therefore cooler – areas within the river will also help reconnect with
groundwater inflows and thus enhance the cooling effect further.
Barriers, such as dams, should be removed as far as possible, enabling fish to migrate towards cooler areas in the summer, bearing in mind lower water flows as well as the trout’s
reduced activity levels during hot periods. However, any habitat creation or river renaturalisation measures need to be carefully timed, as construction works in the summer
months will cause additional stress for the trout, while sediment transfer could potentially
damage adjacent habitats. Fisheries management, meanwhile, needs to focus efforts on reducing non-native competitors of brown trout, such as the rainbow trout. For this purpose,
incentives could be created for anglers to catch higher numbers of this species, thereby helping to reduce the rainbow trout population.
Another issue within fisheries management is the restocking of Alpine creeks and rivers with
high numbers of young brown trout. This substantially increases population density, thereby
also increasing competition for food and space, which in turn can impede growth and lead to
higher mortality rates within the brown trout population. This compounds the effects of higher
temperatures and low water flows in summer, which already increases population density.
Restocking is therefore likely to aggravate the negative impacts of climate change and adapting the practice or abandoning it altogether should be considered.
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3 StartClim2013.B: Loss of floodplains and flood risk in the context of climate change
Damage caused by floods has increased drastically in Austria and all across Europe over the
last decades. This is caused partly by land use changes in catchments and valleys, which
has led to increased flood risk further downstream through the loss of floodplains, but also by
the accumulation of higher-value land uses in flood-prone areas. Superimposed on these
developments is climate change, which is expected to further increase rainfall in the future. It
is therefore important to understand the extent to which floodplains are able to mitigate
floods. In this project, the research team looked at a number of historic and predicted scenarios to establish the importance of floodplains for flood risk mitigation. The results offer important data to inform and validate decisions in the context of integrated flood risk management.
For selected Austrian rivers, historic analyses combined with modelling of potential future
scenarios were carried out to determine how flood risk and damage potential would change if
rivers were given more space. Recent and historic aerial photographs were used to evaluate
land use changes on floodplains within the last 60 years: a strong shift from flood-adapted
uses (fields and grassland) to flood-sensitive uses (settlements, industry & commerce, special areas and transportation areas) was clearly notable. Fig. 2 shows this for the Tyrolean
Inn. Between 1950 and 2010, the proportion of grassland here was reduced from 72% to
51%. At the same time, flood-sensitive land uses increased similarly, by 21%, and now cover
one third of the valley.

Fig. 2:

Changes in land use along the Tyrolean Inn between 1950 and 2010

These developments have not only increased damage potential in flood-prone areas, but
have also led to the loss of retention space, since former floodplains are now subject to higher-value uses, and therefore often separated from the river through flood defence works.
Taken together, this has increased flood risk not only in the immediate vicinity, but also on a
larger scale for settlements further downstream. Fig. 3 shows how the higher flows of the
flood wave of 2005 (inflow wave) would have been flattened and temporally delayed by the
retention effects of still existing floodplains in 1950 (outflow wave 1950). Comparing this with
the scenario of 2010 (outflow wave 2010), the reduction would have been only about half of
this and the flood peak would have been delayed by only 30 minutes instead of one hour.
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Lower Inn – HQ2005

inflow wave
outflow wave 1950
outflow wave 2010

Fig. 3:

Flood wave transformation of the 2005 flood as a result of floodplains along the Lower Inn
(Jenbach to Kufstein) in comparison with 1950 and 2010

These findings are of importance for future flood risk management strategies and spatial
planning, since floodplain losses continue apace, while climate change is predicted to lead to
increased rainfall in the future. Especially for extreme rainfall events, the research project
showed clearly that natural floodplains with flood-adapted uses represent a valuable buffer
for mitigating such extreme events without increasing flood risk further downstream.
Both the Austrian Climate Change Adaptation Strategy and the EU Floods Directive call for
the preservation of existing and the restoration of lost floodplains in the context of integrated
flood risk management. The findings of this project serve to confirm and quantify the effectiveness of floodplains in flood risk mitigation und also demonstrate that natural floodplains
are able to reduce flood intensity and minimize damage potential in flood-prone areas. Considering the potential effects of climate change, it is therefore highly recommended to preserve and restore floodplains and retention areas as part of an integrated flood risk management.
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4 StartClim2013.C: Runoff scenarios in the Ötztal valley (Tyrol,
Austria) considering changes to the cryosphere as a result of
climate change
The seasonal distribution of runoff in Alpine catchments is markedly influenced by the cryospheric contribution (snow and ice). Long-term climate change will alter the glacial reservoirs and consequently have a direct impact on water balance, due to changes in temperature and precipitation, and an indirect impact linked to glacier retreat.
Glacierized catchments like the Ötztal valley in Tyrol are particularly sensitive to changes in
the cryosphere and related hydrological changes. The Ötztal valley has a long history in Austrian and international cryospheric research and, as a result, comprehensive data on glacial
development and changes over the past decades already exists. Furthermore, the economy
of the Ötztal valley (tourism, hydropower etc.) is highly sensitive to changes in the natural
environment.
In this study, future glacier scenarios for the runoff calculations in the Ötztal catchment were
developed. In addition to climatological scenario data, glacier scenarios were calculated for
the hydrological simulation. Direct effects of climate change (i.e. changes in temperature and
precipitation) and indirect effects in terms of variations in the cryosphere were considered for
the analysis of mean runoff and annual runoff maxima in the catchment of the river Ötztaler
Ache at the gauging stations Brunau (890km², 11% glacierized (2006)), Obergurgl (72.5km²,
28% glacierized (2006)) and Vent (165.4km², 31% glacierized (2006)).
Glacier outlines and glacier surface elevation changes of the Austrian Glacier Inventory were
used to derive present ice thickness distribution in the Ötztal region. Scenarios of glacier area distribution were modelled using observed surface elevation changes and mass balance
variations linked to climate change.
To balance the uncertainties of regional climate models, three different combinations of global and regional climate models (ARPEGEG-ALADIN, ECHAM5-REMO, ECHAM5-REGCM3)
were used to derive changes in temperature and precipitation for the periods 2010–2039,
2040–2069 and 2070–2099 compared to the reference period 1985–2014. The low-passfiltered daily change signal was added to the original meteorological measurements of 1986
to 2012 to analyse runoff changes over this 27-year period.
Runoff was simulated using the hydrological model HQsim, which was calibrated for the
gauging stations at Brunau, Obergurgl and Vent. Runoff simulation was forced with glacier
changes only, with changes in temperature and precipitation only, and with a combination of
both: changes in climate and glacierization (Tab. 1). This was done to test the sensitivity of
simulated runoff to different sources of forcing. Shifts in seasonal distribution of daily mean
runoff and annual runoff maxima were analysed using the Pardè coefficient and directional
statistics.
Glaciers first decrease in volume, before glacier area shrinks. The project’s scenarios
showed a reduction in glacier volume and area to less than 20% of the current ice cover by
the end of the 21st century, with a glacier volume loss of 50% by 2050. The changes in glacier area have a significant impact on seasonal runoff levels. Especially in the summer months
with high ice melt contribution, the loss of glacier area leads to a reduction of base runoff
(glacial melt) (Fig. 4).
An increase in runoff caused by a higher snowline altitude can be expected in spring and
autumn. The simulation that combined glacier change and climate change scenarios showed
increased runoff in spring and reduced runoff in summer. Thus, annual runoff maxima will
shift from July and August towards May and June (Fig. 5). The extent of this shift depends on
the degree of glacierization. Within the Brunau catchment, with a relatively low percentage of
glacierization, the annual runoff maxima will occur in spring, whereas in the Obergurgl and
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Vent catchments, with a higher degree of glacierization, runoff maxima will occur most frequently in June.
In general, the study showed that runoff in the Ötztal catchment is not only sensitive to variations in climate, but also to changes in glacierization (Fig. 6). Thus, changes of the cryosphere have to be considered in scenario calculations for runoff and flood frequencies in
glacierized catchments.
Tab. 1:

Different combinations of climate signal and glacierized area used for the runoff simulations.
The colours are equivalent in the following figures.

Fig. 4:

Absolute (black) and relative (red) changes of runoff compared to runoff in the reference
period 1986–2012 for the climate scenarios C1, C2 and C3 (Tab. 1) at the runoff gauge
Brunau.
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Fig. 5:

Directional statistics of annual runoff maxima at the runoff gauge Brunau for the reference
period (Ref.) 1986–2012 and for the simulation using scenario C3 (Tab. 1). The arrow shows
the mean Julian day of the annual runoff maxima (points on circle). The length of the arrow is
a measure of temporal variability r (given below the plot).

Fig. 6:

Variability measure r plotted against the mean Julian day of annual runoff maxima simulated
for different scenarios (Tab. 1) and the reference period at the runoff gauge Brunau.
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5 StartClim2013.D: Recommendations for changes to regional development and spatial planning in areas of high flood risk
Even before the implementation of the EU Floods Directive, member states have been urged
to pay greater attention to flood risk management.
Housing development to accommodate population growth and rising demands of space per
family unit present an ever-increasing challenge for flood risk management in Alpine regions.
Any kind of built development inevitably leads to an increase in sealed, impermeable surfaces, which, in turn, increases runoff speed and volume and aggravates flooding. At the same
time, housing and infrastructure development is increasingly allowed to take place in areas of
high flood risk, where in the past development was not permitted – and rightly so, as rivers
need retention areas during times of high water levels. Land use and regional planning in
Austria has not yet assumed the key role it ought to have in flood prevention and flood risk
management. Strategic planning is an important instrument with the potential to reconcile the
conflicting interests of facilitating built development and reducing flood risk. In this project,
good-practice examples from Austria and abroad were used to explore tools that may enable
strategic planning to take a more leading role in this.
To meet the above-mentioned demands within the existing legal planning frameworks, strategic planning instruments will need to be critically examined and adapted. Any development
along rivers should be considered at all four levels of regional planning: i.e. formal protection
of open spaces, economic aspects, such as compulsory insurance for certain high-risk areas,
informal, e.g. through flood risk vulnerability assessments, and organisational, for example
by strengthening local and regional networks.
One recent good-practice example is the Blauzone (“Blue Zone”) in Vorarlberg in Austria, a
formal-organisational as well as informative tool, which maps flood-risk areas to safeguard
the “long-term protection of human spatial requirements, in particular space for housing and
work” (FREI, KOPF 2011, page 6). In this, the regional planning authority works in consultation with the communities affected to decide which areas should be designated as “Blue
Zones”.

Fig. 7:

Plan showing the Blauzone (source: Raumplanung/Land Vorarlberg)
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An essential starting point in strategic and regional land use planning is to include a clear
and legally binding designation of high-flood-risk areas in relevant plans, such as flood risk
management plans or local zoning plans. Moreover, regional development plans and land
use strategies need to consider the space rivers need for flooding. Local planning departments can then base development decisions on this guidance.
To implement these concepts in practice, all stakeholders need to have the opportunity to
voice their concerns and interests and to develop mutually acceptable solutions together.
Consultation processes (informative as well as informal) are a useful tool in negotiating development options and jointly developing visions and concepts. Clear information is an important prerequisite to decision-making and this can be provided through local or regional
flood risk models (see project StartClim2013.B, GPB DANUBE FLOOD RISK – pilot community Krems).
Interdisciplinary and participative processes to develop visions for river areas and formulate
regional objectives across communities may be able to halt or even reverse the current trend
towards ever-increasing flood damage potential in high-risk areas. The key to sustainable
regional development in high-flood-risk areas lies in promoting cooperation between the local
and regional level. Together with target-group-specific information, this can bring about a
better understanding of flood risk and its link to inappropriate development, and thus emphasize the need for more suitable land uses in river catchment areas.
Strategic funding on a regional and national level, developed on the basis of the aforementioned visioning processes and regional objectives, can help compensate for imbalances
between upstream communities and those further downstream, thereby supporting a proactive and preventative approach to flood risk management. In parallel with this, regional
competitions can promote the development of innovative ideas and concepts.
Regional planning, however, not only has to raise these issues higher up on its agenda, but
must also coordinate efforts with water management authorities, which can provide the necessary data.
Ultimately, a fundamental shift and re-orientation in river management is urgently needed. An
increased public debate about value judgements and general assumptions will need to challenge perceptions, for example, of the word “flooding”, which is instantly associated with risk,
calamity and damage to lives and property. In reality, however, the cause of the calamity and
damage is not the flooding itself, but the allocation of unsuitable uses in floodplains, thereby
creating a conflict between the needs of the river and those of people and communities.
The question of how to minimize flood damage could thus initiate a debate about a new “riparian culture”. The real question here has to be: “How can we best develop our living environment with – not against – the river?” and within this we also have to take account of all
possible climate change scenarios.
This discussion and shift in values could make a highly relevant contribution to fostering a
more positive and pro-active approach to the development of river environments. With the
EU Water Framework Directive coming into force, this is a good time to look at the river as
an integrated system that is entitled to the space it needs.
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6 StartClim2013.E: How and where will Austrian river systems respond to climate change? An interdisciplinary analysis of fish
fauna and nutrients
Climate change and changes in land use have diverse effects on running water ecosystems.
This study aims to demonstrate the combined effect of climate change and (changes in) land
use on nutrient concentrations, water flows and fish fauna in Austrian streams and rivers. In
Austria, many streams and small rivers belong to the so-called trout zone or the grayling
zone, where the fish fauna is dominated by cold-water fish species (especially trout and grayling). The reduction of habitats for these fish species due to climate change will not only pose
a threat to biodiversity, but may also lead to unexpected changes in the functioning of the
whole riparian ecosystem.
Using a specific statistical tool (path analysis), the interrelationships between temperature,
land use, streamflow and nitrite concentrations were quantified for a representative set of
Austrian rivers and streams. Nitrite is an important intermediate product of the nitrogen cycle.
Under normal conditions it will occur in running waters at very low concentrations only. Even
slightly raised concentrations can be toxic to aquatic life. Thus, any increase in nitrite concentrations may limit the distribution of sensitive species.
In a second step, the occurrence of important fish species was linked to the environmental
variables mentioned above, as well as land use and watercourse structure (logistic regression analysis). Based on these findings, scenarios were developed for mean flow rates and
nitrite concentrations in summer, as well as for the occurrence of key fish species in 2050.
Summer values were used, as summer is a critical time for cold-water-adapted fish species.
To avoid uncertainties associated with the future development of summer runoff in rivers and
streams with a hydraulic regime dominated by snowmelt or runoff from glaciers, the future
scenarios were applied only to sections of rivers and streams below 700m amsl that are
strongly influenced by rainfall (pluvial discharge regime).
Air temperature values derived for the emission scenario A1B were used for all scenarios.
These air temperature conditions were combined with different scenarios for land use development, taking account of arable farming, extent of woodland/forest and extent of wetlands.
For each scenario, two scenarios with an higher percentage of wetland in the catchment area
were established and set in contrast to the scenario with a “realistic” estimate for the share of
wetland, to investigate the mitigation potential of wetlands.
In scenario A1B, mean summer temperatures are likely to increase approximately 3–4°C with
extremes of 5°C. These temperatures are high enough to exclude cold-water species from
many stretches of river.
In addition to the direct effects, a number of notable indirect effects are also likely to affect
the Alpine fish fauna. for example, higher temperatures will make a larger proportion of
catchment areas at medium altitudes (up to 700m) available for agriculture. According to the
data gathered, a higher share of arable land use will lead to considerably reduced flow rates
(and higher nitrite concentrations) in summer, especially in mid-sized and larger rivers. Lower
water levels offer less habitat for aquatic life. Larger animals such as fish are likely to be
strongly affected by this. Lower volumes of water also heat up faster than large volumes of
water. The dissolved oxygen content will drop in warmer water while higher temperatures will
also increase the metabolism of riverine biota, thereby further decreasing oxygen levels in
the water. Fish species that are adapted to an oxygen-rich environment are likely to be most
affected by these indirect effects, which includes the above-mentioned cold-water species.
The expected occurrence of seven fish species (four typical representatives of the trout and
grayling zone, two representatives of the barbel zone and the top-mouth gudgeon, a nonnative fish species likely to have a negative effect on native fish fauna) could be predicted
using the environmental parameters mentioned above. The analysis showed that temperaStartClim2013 Seite 21
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ture and flow rates in summer had the strongest impact on fish population. Brown trout and
rainbow trout, both species associated with the upper headwaters, prefer cooler temperatures, while the occurrence of barbel, nase carp and top-mouth gudgeon was favoured by
warmer temperatures. The higher the flow rates in summer, the higher the potential occurrence of three out of the seven fish species. Only the top-mouth gudgeon prefers lower flow
rates. Interestingly, nitrite concentrations affected three fish species negatively; for the grayling, nitrite concentration was the most important environmental factor.
The scenarios revealed that cold-water species can be expected to face a considerable reduction in habitat, while species that are adapted to higher temperatures should be able to
expand their range as a result of higher temperatures. In the case of non-native species,
such as the top-mouth gudgeon, this is likely to impact on smaller native species.
Strategic land use planning will need to consider the effects of different land uses on water
levels in summer, while water management authorities will need to take measures to address
the expected rise in nitrite concentrations in summer.
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SUMMER
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SUMMER
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Fig. 8:

Schematic
representation
of
observed
and
expected
interrelations.
Bold arrows: relationships verified by this study (methods used: path analysis, logistic regression analysis), dotted arrows: assumed relationships not investigated in this study.
Key:
Temperature – mean air temperature, structural quality – proportion of river stretch without
impoundment / water abstraction, respectively, quality of in-stream river morphology, land
use – share of agriculture (woodland / wetland in the catchment), nitrite – Median concentration, spec. discharge - discharge per km² discharge area, fish – occurrence of 7 fish species,
summer – June, July, August, September
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7 StartClim2013.F: GIAClim – Gender Impact Assessment in the
context of climate change adaptation and natural hazards
Climate change is not gender-neutral. Women and men are affected in different ways by natural disasters – which are likely to increase as a result of climate change (e.g. Rathgeber
2005, Weber 2005; Mehta 2007). Furthermore, socio-economic status, ethnic background,
age and other aspects influence individual risk (International Federation of Red Cross and
Red Crescent Societies 2006: 8). Policies aimed at climate change mitigation, as well as adaptation strategies and measures, impact differently on women and men, depending on life
stage and situation, social and cultural background.
Based on the example of a debris flow in 2012 in St. Lorenzen, a village in the municipality of
Trieben in the Palten Valley in Styria (see Fig. 9 and Fig. 10), the research team tested
methods, tools and approaches for a Gender Impact Assessment in the context of climate
change and natural hazards. The project focuses on the gender dimensions of natural hazards that, as a result of climate change, are likely to increase in frequency and intensity in
some regions of Austria.
Socio-economic, social, cultural, environmental, spatial, physical and psychological circumstances and parameters influence people’s ability to handle, avoid and cope with the effects
of climate change and natural disasters (e.g. UNISDR, UNDP, IUCN 2009, Le Masson
2013). These individual differences can have positive or negative impacts on the vulnerability
of those affected (BMLFUW 2013). For the purposes of this project, the term “gender” is defined in a wider sense as “gender+” and includes the differences between individuals and
groups in terms of their life stage and situation, social and cultural background (Quing 2011).
The results of the study show that as yet there is little awareness among the population as
well as within emergency response teams of group- and gender-specific aspects, but that
raising awareness of gender- and group-specific needs and requirements could improve
emergency response and disaster relief efforts. It also showed that knowledge transfer between all levels of decision-making is not as effective as it could and should be.
The analysis also revealed that people without strong local social networks are likely to be
worse affected by the impacts of a natural disaster. The objective of disaster relief should not
be to help everybody in the same way, but to help everyone equally well. However, this requires a differentiated approach and deeper knowledge of the different requirements of the
various groups identified. Such an approach would allow all groups to participate equally in
decision-making and strengthen the ability of individuals and communities to help themselves.
The results of the case study and a literature review inform a Gender Impact Assessment for
natural hazards in Austria as well as practical tools for regional and local governments and
practitioners in disaster management. For example, on the local and regional level, a new
tool for a gender-sensitive analysis of measures concerning technical projects or organizational processes has been developed. This tool is called Gender Analysis for Natural Disasters (GAND) and combines different analysis approaches: 4R-methode, Gender Analysis
Matrix (Parker 1993) and Capacities and Vulnerabilities Framework (UNISDR, UNDP and
IRP 2010). It comprises five steps covering an “analysis – measures – evaluation” loop described in the following table:
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Tab. 2:

The five steps of GAND (Gender Analysis of Natural Disasters)

Gender Analysis of Natural Disasters (GAND)

1

Objectives

Participation

Description of natural hazard/catastrophe, risks

2

Gender-specific description of socio-economic, demographic situation, structure of organisations, analysis of the environmental circumstances
Description of the relevant planning instruments, laws, policies, strategies, disaster management plans

3

4
5

participation
Gender-sensitive analysis of
Strenghts and Weeknesses - Vulnerability and Competence
built environment and land use
socio-economic and demographic situation
physical and mental health, perception of safety and risks
planning instruments, policies, laws, strategies, participation and decision making
knowledge transfers
competences and capacity
communication, information, media
Measures and instruments for a gender-sensitive
participation
risk and disaster management

Gender-sensitive evaluation of the implementation of measures and instruments

Furthermore, the study identified the need for further research, e.g. the development of more
and precise indicators for the gender-sensitive management of natural disasters, a social
area analysis for areas in Austria affected by natural disasters and other aspects of climate
change, as well as the improvement of knowledge transfer to build local resilience and improve self-reliance.

Fig. 9:

The village St. Lorenzen in the Palten valley after the debris flow in July 2012 (Janu et al.,
2012)
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Fig. 10: Women and men clearing debris after the debris flow in St. Lorenzen (IAN)
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8 StartClim2013.G: Validation of the applicability of the SIMAGRIOW wireworm prognosis model, based on soil temperature and
moisture measurements, in Eastern Austrian agriculture
Wireworms are the larvae of the click beetle (Coleoptera, Fam. Elateridae). They live in the
soil for several years, causing substantial damage by feeding on the subterranean parts of
crop plants (Fig. 11). Several studies have shown that high soil temperatures can speed up
wireworm development, leading to a rapid rise in wireworm population density under favourable conditions. Rising mean temperatures as a result of climate change are therefore likely
to increase damage to crops from indigenous thermophile wireworm species, while new species from the Mediterranean may migrate further north, as already observed in Germany.
To be able to respond to this increasing wireworm pressure, farmers will need a practical tool
to analyse wireworm damage risk, enabling them to make informed and timely decisions
about cultivation, management and control measures. For example, cultivation of sensitive
crops should be avoided, where possible, on fields with high wireworm density. Furthermore,
in practical studies, crop rotations with a high proportion of summer crops and the associated
intensive soil cultivation in spring, have proven to be effective in reducing wireworm populations.
Both soil temperature and soil moisture have a decisive influence on larval movement within
the soil column. Whenever conditions are favourable, wireworms will be active nearer the
surface, where they cause the most damage to crops. If the topsoil is too hot and dry or too
cold and moist, they move into deeper soil regions, where conditions are more favourable for
them. Based on these parameters (i.e. soil temperature, soil moisture and soil type), the
wireworm prognosis model SIMAGRIO-W (SIMulation of the larvae of AGRIOtes Wireworms,
ZEPP), developed in Germany, calculates the percentage of a given wireworm population
that is located in the upper 15cm of the soil column. It should be noted, however, that it provides no information on the actual size of the wireworm population. A first validation of the
model in the German federal state of Rhineland-Palatinate showed more than 80% correct
predictions. At the test sites in Germany, the model was able to efficiently predict the presence of a significant proportion of the wireworm population (>30%) in the upper 15cm of the
soil.
SIMAGRIO-W thereby provides information on the potential damage risk in a field at a given
time, since the most vulnerable parts of the crop plants are concentrated in the upper region
of the soil (= damaging zone). For example, if high wireworm activity in the damaging zone is
expected, the cultivation of maize can be delayed to avoid seeds and young plants being
exposed to wireworm damage. Similarly, in potato fields, the harvest can be brought forward
to prevent excessive damage.
Furthermore, control measures, such as intensive soil cultivation, can thus be conducted
when they are most effective – namely when the larvae are near the surface.
In order to estimate the actual risk in a given field, it is necessary to measure wireworm density and species composition using wireworm bait traps. With the help of the SIMAGRIO-W
predictions, bait traps can be installed during periods when high wireworm activity is anticipated below the surface, and therefore within range of the traps. This guarantees that a
higher proportion of the wireworm population is caught and therefore leads to a more representative density measurement.
In this study, SIMAGRIO-W was tested under practical conditions in Eastern Austria. At four
sites in the regions Bruck/Leitha, Traiskirchen and Essling (Vienna), wireworm densities in
the upper 15cm of the soil (= damaging zone) were measured between mid-July and the end
of October 2013 using wireworm bait traps (Fig. 12). At each site, soil temperature and soil
moisture at 15cm and 80cm soil depth were recorded with data loggers over the whole study
period. Soil types at the test sites were determined using grain size analysis. Based on the
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measured soil temperatures, moisture levels and soil types, predicted percentages of the
wireworm population in the damaging zone were calculated for each site and trapping period.
The simulated predictions were then compared against actual measured wireworm activity at
each test site to assess the applicability of the SIMAGRIO-W model in Eastern Austria.
The validation of SIMARIO-W’s usefulness for Eastern Austrian agriculture resulted in a low
overall hit rate of 54%. At two sites, it achieved an accuracy of about 71%, followed by 54%
and 14% at the other sites. Activity peaks were predicted accurately in only a few cases (Fig.
13).
The weak hit rate was caused primarily by the fact that wireworm populations at the Eastern
Austrian study sites have different thermal preferences than the model assumes. They
showed activity peaks in the damaging zone at soil temperatures of up to 26°C. SIMAGRIOW, however, works on the assumption that this would be too hot for the larvae. The current
version of the model assumes wireworm peak activity at about 11°C.
This discrepancy may be explained by differences in temperature optimum and tolerance
between the Agriotes species dominant in Eastern Austria (e.g. A. ustulatus and A. brevis)
and in western Germany (e.g. A. obscurus), where the model has been developed and calibrated.
If the thermal preferences of regionally dominant wireworm species are taken into account,
SIMAGRIO-W should be able to make a valuable contribution to the prevention of wireworm
damage in Eastern Austrian agriculture. Consequently, further research aimed at adapting
the model to regional conditions is strongly recommended.

Fig. 11: Wireworm (Agriotes sp., orange) on the roots of a young maize plant.
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Fig. 12: A line of wireworm bait traps and two data loggers (in the foreground) in a maize field near
Bruck/Leitha. The traps were installed in a large area of bare soil caused by severe wireworm damage.
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Fig. 13: SIMAGRIO-W model validation: example from a site near Bruck/Leitha (14% hit rate for the
model). The 2nd part of the model (grey squares) was used to calculate exact predictions of
wireworm percentages in the upper 15cm of the soil during trapping periods where the 1st
part of SIMAGRIO-W predicted a wireworm activity of >10% for at least one day. Otherwise,
an activity ≤10% was assumed. If both measured and predicted wireworm activity was above
or below the validation threshold of 30% of the total population, the trapping period was
counted as a hit for the model. The dashed arrow marks the temperature optimum for wireworm activity according to SIMAGRIO-W. At this site, nearly all trapped larvae were identified as Agriotes ustulatus.

StartClim2013 Seite 28

Endbericht StartClim2013

9 References
StartClim2013.A
Ayllón, D, Almodóvar, A., Nicola, G.G. & Elvira, B. (2010). Ontogenetic and spatial variations
in brown trout habitat selection. Ecology of Freshwater Fish, 19, 420–432.
Bagenal, T. B. (1969). The relationship between food supply and fecundity in brown trout
Salmo trutta L. Journal of Fish Biology, 1(2), 167-182.
Böhm, R., Godina, R., Nachtnebel, H.P., Pirker & O. (Edit.) (2008). Auswirkungen des
Klimawandels auf die österreichische Wasserwirtschaft. Broschüre des Bundesministeriums für Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft, Wien.
Bunt, C. M., Cooke, S. J., Katopodis, C., & McKinley, R. S. (1999). Movement and summer
habitat of brown trout (Salmo trutta) below a pulsed discharge hydroelectric generating
station. Regulated Rivers: Research & Management, 15(5), 395-403.
Elliott J.M. (1994) Quantitative Ecology and the Brown Trout. Oxford University Press, Oxford.
Elliott, J. M., & Elliott, J. A. (1995). The effect of the rate of temperature increase on the critical thermal maximum for parr of Atlantic salmon and brown trout. Journal of fish biology, 47(5), 917-919.
Elliott, J. M. (1981). Some aspects of thermal stress on freshwater teleosts. Stress and fish.
Elliott, J. M. (2000). Pools as refugia for brown trout during two summer droughts: trout responses to thermal and oxygen stress. Journal of Fish Biology, 56(4), 938-948.
Elliott, J. M., & Hurley, M. A. (2001). Modelling growth of brown trout, Salmo trutta, in terms
of weight and energy units. Freshwater Biology, 46(5), 679-692.
Hari, R.E., Livingstone, D.M., Siber, R., Burkhardt-Holm, P. & Güttinger, H. (2006). Consequences of climatic change for water temperature and brown trout populations in Alpine
rivers and streams. Global Change Biology, 12, 10–26.
Haunschmid, R., Wolfram, G., Spindler, T., Honsig-Erlenburg, W., Wimmer, R., Jagsch, A.,
Kainz, E., Hehenwarter, K., Wagner, B., Konecny, R., Riedmüller, R., Ibel, G., Sasano,
B. & Schotzko, N. (2006). Erstellung einer fischbasierten Typologie österreichischer
Fließgewässer sowie einer Bewertungsmethode des fischökologischen Zustandes
gemäß EU-Wasserrahmenrichtlinie. Schriftenreihe des BAW, Band 23, Wien
Heggenes, J. (2002). Flexible summer habitat selection by wild, allopatric brown trout in lotic
environments. Transactions of the American Fisheries Society, 131(2), 287-298.
Huusko, A., & Yrjänä, T. (1997). Effects of instream enhancement structures on brown trout,
Salmo trutta L., habitat availability in a channelized boreal river: a PHABSIM approach.
Fisheries Management and Ecology, 4(6), 453-466.
IPCC (2013). Annex I: Atlas of Global and Regional Climate Projections [van Oldenborgh,
G.J., M. Collins, J. Arblaster, J.H. Christensen, J. Marotzke, S.B. Power, M. Rummukainen and T. Zhou (eds.)]. In: Climate Change 2013: The Physical Science Basis.
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
Jenkins Jr, T. M., Diehl, S., Kratz, K. W., & Cooper, S. D. (1999). Effects of population density on individual growth of brown trout in streams. Ecology, 80(3), 941-956.

StartClim2013 Seite 29

Endbericht StartClim2013
Jones, N. E. (2010). Incorporating lakes within the river discontinuum: longitudinal changes
in ecological characteristics in stream-lake networks. Canadian Journal of Fisheries
and Aquatic Sciences, 67(8), 1350-1362.
Jonsson, B. & Jonsson, N. (2011). Ecology of Atlantic Salmon and Brown Trout. Fish & Fisheries Series Volume 33; Springer, Dordrecht, Heidelberg, London, New York.
Jonsson, B., & Jonsson, N. (2009). A review of the likely effects of climate change on anadromous Atlantic salmon Salmo salar and brown trout Salmo trutta, with particular reference to water temperature and flow. Journal of Fish Biology, 75(10), 2381-2447.
Klemetsen, A., Amundsen, P. A., Dempson, J. B., Jonsson, B., Jonsson, N., O'connell, M. F.,
& Mortensen, E. (2003). Atlantic salmon Salmo salar L., brown trout Salmo trutta L. and
Arctic charr Salvelinus alpinus (L.): a review of aspects of their life histories. Ecology of
freshwater fish, 12(1), 1-59.
Küttel, S., Peter, A. und Wüest, A. (2002). Temperaturpräferenzen und -limiten von
Fischarten Schweizerischer Fließgewässer. EAWAG, Kastanienbaum.
Melcher, D. D. A., Pletterbauer, D. F., & Kremser, D. H. (2013). Temperaturansprüche und
Auswirkungen des Klimawandels auf die Fischfauna in Flüssen und unterhalb von
Seen. Österreichische Wasser-und Abfallwirtschaft, 65(11-12), 408-417.
Mullner, S.A., Wayne, A.H. & Wesche, T.A. (1998). Snorkeling as an alternative to depletion
electrofishing for estimating abundance and length-class frequencies of trout in small
streams. North American Journal of Fisheries Management, 18, 947–953.
Nislow, K. H., & Armstrong, J. D. (2012). Towards a life-history-based management framework for the effects of flow on juvenile salmonids in streams and rivers. Fisheries Management and Ecology, 19(6), 451-463.
Schmutz, S. (2008). Auswirkungen von Klimaänderungen auf die Fischfauna. In: Böhm, R.,
Godina, R., Nachnebel, H.P., Pirker & O. (Edit.) (2008). Auswirkungen des Klimawandels auf die österreichische Wasserwirtschaft. Broschüre des Bundesministeriums
für Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft, Wien.
Schöner, W., Böhm, R., & Haslinger, K. (2011). Klimaänderung in Österreich–hydrologisch
relevante Klimaelemente. Österreichische Wasser-und Abfallwirtschaft, 63(1-2), 11-20.
Schotzko, N., Haunschmid, R., Honsig-Erlenburg, W., Petz-Glechner, R., Schmutz, S., Spindler, T., Unfer, G. & Wolfram, G. (2006). Fischbestandsaufnahmen in Fließgewässern.
Methodik-Handbuch. BAW Scharfling, 39 Seiten.
Sundbaum, K., & Näslund, I. (1998). Effects of woody debris on the growth and behaviour of
brown trout in experimental stream channels. Canadian journal of Zoology, 76(1), 5661.
Swift, D. R. (1955). Seasonal variations in the growth rate, thyroid gland activity and food
reserves of brown trout (Salmo trutta Linn.). Journal of Experimental Biology, 32(4),
751-764.
Vøllestad, L. A., Olsen, E. M., & Forseth, T. (2002). Growth rate variation in brown trout in
small neighbouring streams: evidence for density dependence?. Journal of Fish Biology, 61(6), 1513-1527
Young, M. K. (1999). Summer diel activity and movement of adult brown trout in highelevation streams in Wyoming, USA. Journal of Fish Biology, 54(1), 181-189.
Zimmer, M., Schreer, J. F., & Power, M. (2010). Seasonal movement patterns of Credit River
brown trout (Salmo trutta). Ecology of freshwater fish, 19(2), 290-299.

StartClim2013 Seite 30

Endbericht StartClim2013

StartClim2013.B
EU-Richtlinie 2007/60/EG. Richtlinie über die Bewertung und das Management von Hochwasserrisiken. Europäisches Parlament und Rat.
Formayer, H., Kromp-Kolb, H. & Schwarzl, I. 2009. Auswirkungen des Klimawandels auf
Hochwasserereignisse in Oberösterreich (Endbericht Band 2 der Forschungsreihe
"Auswirkungen des Klimawandels auf Oberösterreich", Mai 2007). In: INSTITUT FÜR
METEOROLOGIE BOKU, W. (ed.) BOKU-Met Report 14.
Habersack, H., Bürgel, J. & Kanonier, A. 2009. FloodRisk II - Vertiefung und Vernetzung zukunftsweisender Umsetzungsstrategien zum integrierten Hochwassermanagement
(Consolidation and cross-linking of future-oriented implementation strategies for an integrated flood risk management).
Habersack, H., Bürgel, J. & Petraschek, A. 2004. Analyse der Hochwasserereignisse vom
August 2002 - FloodRisk Synthesebericht. Vienna: Bundesministerium für Land- und
Forstwirtschaft, Umwelt und Wasserwirtschaft.
Habersack, H., Gutknecht, D., Hengl, M., Honsowitz, H., Knoblauch, H., Reichel, G.,
Rutschmann, P., Sackl, B., Tritthart, M. & Hauer, C. 2007. Fließgewässermodellierung
- ÖWAV Arbeitsbehelf Hydrodynamik. In: ÖWAV (ed.) ÖWAV Arbeitsbehelf.
Habersack, H., Hauer, C., Schober, B., Dister, E., Quick, I., Harms, O., Wintz, M., Piquette,
E. & Schwarz, U. 2008. Flood risk reduction by preserving and restoring river floodplains (PRO_Floodplain) - Final Report. Era-Net CRUE 1st Call. Era-Net CRUE, EU.
HAÖ 2007. Hydrologischer Atlas Österreich. In: FÜRST, J. (ed.). Lebensministerium &
IWHW, BOKU.
HJB 2008. Hydrographisches Jahrbuch von Österreich. In: ÖSTERREICH, H. D. I. (ed.).
Hydroconsult 2011. Abflussuntersuchung Tirol 1 - Inn km 220,20 bis km 255,35.
IPCC 2007. 4th Assessment Report on Climate Change.
IPCC 2012. Managing the risks of extreme events and disasters to advance climate change
adaptation. In: FIELD, C., BARROS, V., STOCKER, T. & DAHE, Q. (eds.).
KLIWA 2006. Regionale Klimaszenarien für Süddeutschland - Abschätzungen der Auswirkungen auf den Wasserhaushalt.
Lebensministerium 2012. Die österreichische Strategie zur Anpassung an den Klimawandel.
In: LEBENSMINISTERIUM (ed.). Vienna.
Merz, R., Blöschl, G. & Humer, G. 2008. National flood discharge mapping in Austria. Journal
of Natural Hazards, 46, 53-72.
Muhar, S., Poppe, M., Egger, G., Schmutz, S. & Melcher, A. 2004. Flusslandschaften Österreichs. Ausweisung von Flusslandschaftstypen anhand des Naturraums, der Fischfauna und der Auenvegetation, bm_bwk, Forschungsprogramm Kulturlandschaft, Wien.
Nujic, M. 1999. Hydro_as-2D - Ein zweidimensionales Strömungsmodell für die wasserwirtschaftliche Praxis (Hydro_as-2D - a two-dimensional hydrodynamic numerical
model for hydraulic engineering).
SMS8 2003. SMS (Surface Water Modeling System) - Tutorial zur Schulung. In: WASSERWIRTSCHAFT, B. L. F. (ed.).
Stiefelmeyer, H. & Hlatky, T. 2008. HORA – An Austrian Platform for Natural Hazards as a
new Way in Risk Communication. Interpraevent 2008 Dornbirn - Schutz des Lebensraumes vor Hochwasser Muren und Lawinen. Dornbirn, Austria: International Research
Society INTERPRAEVENT.
Umweltbundesamt 2010. Neunter Umweltkontrollbericht - Raumentwicklung. Vienna.
StartClim2013 Seite 31

Endbericht StartClim2013
Werner Consult 2009. Abflussuntersuchung Tirol 1 - Oberer Inn.
Wimmer, R., Wintersberger, H. & Parthl, G. 2007. Hydromorphologische Leitbilder Fließgewässertypisierung in Österreich. Lebensministerium.

StartClim2013.C
Abermann, J., B. Seiser, I. Meran, M. Stocker-Waldhuber, M. Goller & A. Fischer. 2012. The
third glacier inventory of North Tyrol, Austria, for 2006. In Supplement to: Abermann,
Jakob; Seiser, Bernd; Meran, Ingrid; Stocker-Waldhuber, Martin; Goller, Markus;
Fischer, Andrea (2012): A new ALS glacier inventory of North Tyrol, Austria, for 2006
AD. Zeitschrift für Gletscherkunde und Glazialgeologie, 43/44, 109-119. PANGAEA.
Achleitner, S., J. Schöber, M. Rinderer, G. Leonhardt, F. Schöberl, R. Kirnbauer & H.
Schönlaub (2012) Analyzing the operational performance of the hydrological models in
an alpine flood forecasting system. Journal of Hydrology, 412/413, 90 - 100.
AdTLR. 2006. Digitales Geländemodel für Tirol.
Aschwanden, H. & R. Weingartner. 1985. Die Abflussregimes der Schweiz. In Publikation
Gewässerkunde 65, 238. Geogr. Inst. Univ. Bern.
Asztalos, J., R. Kirnbauer, H. Escher-Vetter & L. Braun (2006) A distributed energy balance
snow and glacier melt model as a component of a flood forecasting system for the Inn
river. Proceedings of the Alpine Snow Workshop, Munich, October 5-6, Germany.
BAFU, B. f. U. 2012. Auswirkungen der Klimaänderung auf Wasserressourcen und
Gewässer. Synthesebericht zum Projekt "Klimaänderungen und Hydrologie in der
Schweiz" (CCHydro). In Umwelt-Wissen Nr. 1217, 76. Bundesamt für Umwelt, Bern.
Bavay, M., M. Lehning, T. Jonas & H. Löwe (2009) Simulations of future snow cover and
discharge in Alpine headwater catchments. Hydrological Processes, 23, 95-108.
Bayliss, A. C. & R. C. Jones. 1993. Peaks-over-threshold flood database. Summary statistics
and seasonality. Institute of Hydrology, Wallingford, UK.
Bosshard, T., S. Kotlarski, T. Ewen & C. Schär (2011) Spectral representation of the annual
cycle in the climate change signal. Hydrology and Earth System Sciences, 15, 27772788.
Braithwaite, R. J. & Y. Zhang (2000) Sensitivity of mass balance of five Swiss glaciers to
temperature changes assessed by tuning a degree-day model. Journal of Glaciology,
46, 7-14.
Braun, L. N., M. Weber & M. Schulz (2000) Consequences of climate change for runoff from
Alpine regions. Annals of Glaciology, 31, 19-25.
Burn, D. H. (1997) Catchment similarity for regional flood frequency analysis using seasonality measures. J. Hydrol., 202, 212-230.
De Michele, C. & R. Rosso (2002) A multi-level approach to flood frequency regionalisation.
Hydrol. Earth Syst. Sci., 6, 185-194.
Déqué, M. (2007) Frequency of precipitation and temperature extremes over France in an
anthropogenic scenario: Model results and statistical correction according to observed
values. Global and Planetary Change, 57, 16-26.
Déqué, M., C. Dreveton, A. Braun & D. Cariolle (1995) The ARPEGE/IFS atmosphere model:
a contribution to the French community climate modelling. Climate Dynamics, 10, 249266.
Déqué, M. & J. Piedelievre (1995) High- Resolution climate simulation over Europe. Clim.
Dyn., 11, 321-339.
StartClim2013 Seite 32

Endbericht StartClim2013
Escher-Vetter, H., L. N. Braun, M. Siebers & M. Weber (2005) Water balance of the Vernagtferner high alpine basin based on long-term measurements and modelling. Landschaftsökologie und Umweltforschung, TU Braunschweig, 48, 19-32.
Escher-Vetter, H., M. Kuhn & M. Weber (2009) Four decades of winter mass balance of
Vernagtferner and Hintereisferner, Austria: methodology and results. Annals of Glaciology, 50, 87-95.
Fischer, A. (2010) Glaciers and climate change: Interpretation of 50 years of direct mass balance of Hintereisferner. Global and Planetary Change, 71, 13 - 26.
Formayer, H. & P. Haas. 2011. Einfluss von Luftmasseneigenschaften auf die Schneefallgrenze in Österreich. In Tourismus im Klimawandel: Zur regionalwirtschaftlichen
Bedeutung des Klimawandels für die österreichischen Tourismusgemeinden 6, ed. F.
Prettenthaler, Formayer, H. Verlag der Österreichischen Akademie der Wissenschaften, Wien.
Frei, C. & C. Schär (1998) A precipitation climatology of the Alps from high-resolution raingauge observations. Int. J. Climatol., 18, 873-900.
Giorgi, F., M. R. Marinucci & G. T. Bates (1993) Development of a second-generation regional climate model (RegCM2). Part I: Boundary-layer and radiative transfer processes. Mon. Wea. Rev., 121, 2794–2813.
Haiden, T., A. Kann, C. Wittmann, G. Pistotnik, B. Bica, and C. Gruber (2011) The Integrated
Nowcasting through Comprehensive Analysis(INCA) systemand its validationover the
eastern Alpine region. Wea. Forecasting, 26, 166–183.
Haylock, M. R., Hofstra, N., Klein Tank, A.M.G., Klok, E.J., Jones, P.D. and New, M. (2008)
A European daily high-resolution gridded data set of surface temperature and precipitation for 1950-2006. Journal of Geophysical Research, 113, D20119.
Helfricht, K. 2009. Veränderungen des Massenhaushaltes am Hallstätter Gletscher seit
1856. 153. Institute of Meteorology and Geophysics, University of Innsbruck.
Huss, M. & D. Farinotti (2012) Distributed ice thickness and volume of all glaciers around the
globe. Journal of Geophysical Research: Earth Surface, 117, F04010.
Huss, M., M. Zemp, P. C. Joerg & N. Salzmann (2014) High uncertainty in 21st century runoff projections from glacierized basins. Journal of Hydrology, 510, 35 - 48.
Jacob, D. & R. Podzun (1997) Sensitivity studies with the regional climate model REMO.
Meteorology and Atmospheric Physics, 63, 119-129.
Kirnbauer, R., S. Achleitner, J. Schöber, J. Asztalos & H. Schönlaub (2009) Hochwasservorhersage Inn: Modellierung der Gletscherabflüsse. Mitteilungsblatt des Hydrographischen Dienstes in Österreich, 86, 109-130.
Kirnbauer, R. & H. Schönlaub (2006) Vorhersage für den Inn. Wiener Mitteilungen Band 199:
Hochwasservorhersage - Erfahrungen, Entwicklungen & Realität, 69-83.
Kleindienst, H. 1996. Erweiterung und Erprobung eines anwendungsorientierten hydrologischen Modells zur Gangliniensimulation in kleinen Wildbacheinzugsgebieten. In Institut für Geographie, 165. München: Ludwig Maximilians Universität München.
Koutroulis, A. G., Tsanis, I.K. & Daliakopoulos, I.N. (2010) Seasonality of floods and their
hydrometeorologic characteristics in the island of Crete. J. Hydrol., 394, 90-100.
Kuhn, M., J. Abermann, M. Olefs, A. Fischer & A. Lambrecht (2009) Gletscher im Klimawandel: Aktuelle Monitoringprogramme und Forschungen zur Auswirkung auf den Gebietsabfluss im Ötztal. Mitteilungsblatt des Hydrographischen Dienstes in Österreich,
86, 31-47.
Kuhn, M. & N. Batlogg (1998) Glacier runoff in Alpine headwaters in a changing climate. Hydrology, Water Resources and Ecology in Headwaters (Proceedings of the HeadWaStartClim2013 Seite 33

Endbericht StartClim2013
ter'98 Conference held at Meran/Merano, Italy, April 1998), IAHS Publication, 248, 7988.
Kuhn, M. & N. Batlogg (1999) Modellierung der Auswirkung von Klimaänderungen auf
verschiedene Einzugsgebiete in Österreich. Schriftenr. Forschung im Verbund BD. 46,
98.
Kuhn, M., E. Dreiseitl, S. Hofinger, G. Markl, N. Span & G. Kaser (1999) Measurements and
models of the mass balance of Hintereisferner. Geografiska Annaler: Series A, Physical Geography, 81, 659-670.
Kuhn, M., M. Olefs & A. Fischer. 2007. Auswirkung von Klimaänderungen auf das Abflussverhalten von vergletscherten Einzugsgebieten im Hinblick auf Speicherkraftwerke. In Endbericht STARTCLIM 2007, 49.
Lambrecht, A. & M. Kuhn (2007) Glacier changes in the Austrian Alps during the last three
decades, derived from the new Austrian glacier inventory. Annals of Glaciology, 46,
177-184.
Magilligan, F. J. & B. E. Graber (1996) Hydroclimatological and geomorphic controls on the
timing and spatial variability of floods in New England, USA. J. Hydrol., 178, 159-180.
Mardia, K. V. & P. E. Jupp. 1999. Statistics of directional data. Wiley, New York, NY, USA.
Merz, R., Piock-Ellena, U., Blöschl, G. & Gutknecht, D. 1999. Seasonality of flood processes
in Austria. In Hydrological extremes: Understanding, Predicting, Mitigating ed. L. e. a.
Gottschalk, 273-278. IAHS Press, Wallingford, UK, IAHS Publication 255.
Nash, J. E. & J. V. Sutcliffe (1970) River flow forecasting through conceptual models part I —
A discussion of principles. Journal of Hydrology, 10, 282-290.
Parajka, J., S. Kohnová, R. Merz, J. Szolgay, K. Hlavčová & G. Blöschl (2009) Comparative
analysis of the seasonality of hydrological characteristics in Slovakia and Austria. Hydrol. Earth Syst. Sci., 54, 456-473.
Pospichal, B., H. Formayer, P. Haas & I. Nadeem. 2010. Bias correction and localization of
regional climate scenarios over mountainous area on a 1x1 km grid. In 10th European
Conference on Applications of Meteorology (ECAM). Sept. 13-17, 2010 in Zürich, Switzerland.
Roeckner, E., Coauthors. 2003. The atmospheric general circulation model ECHAM5. Part I:
Model description., ed. M. P. I. f. Meteorology, 127. MPI for Meteorology, Bundesstr.
53, 20146 Hamburg, Germany.
Schneeberger, C., H. Blatter, A. Abe-Ouchi & M. Wild (2003) Modelling changes in the mass
balance of glaciers of the northern hemisphere for a transient 2×CO2 scenario. Journal
of Hydrology, 282, 145-163.
Schöber, J. 2007. Niederschlag – Abflussmodellierung für das Einzugsgebiet des Pegels
Gepatschalm im Kaunertal mit HQsim. In Institut für Geographie, 132. Innsbruck: Universität Innsbruck.
Schöber, J., S. Achleitner, R. Kirnbauer, F. Schöberl & H. Schönlaub (2010) Hydrological
modelling of glacierized catchments focussing on the validation of simulated snow patterns - applications within the flood forecasting system of the Tyrolean river Inn. Adv.
Geosci., 27, 99-109.
Schöber, J., S. Achleitner, R. Kirnbauer, F. Schöberl & H. Schönlaub (2012) Impact of snow
state variation for design flood simulations in glacierized catchments. Adv. Geosci., 31,
39-48.
Taylor, K. E., Stouffer, R. J. and Meehl, G. A. (2012) Summary of the CMIP5 Experiment
Design. Am. Meteorol. Soc., 93, 485–498.

StartClim2013 Seite 34

Endbericht StartClim2013
Tecklenburg, C., T. Francke, C. Kormann & A. Bronstert (2012) Modeling of water balance
response to an extreme future scenario in the Ötztal catchment, Austria. Adv. Geosci.,
32, 63-68.

StartClim2013.D
AMT DER OÖ. LANDESREGIERUNG, Direktion Umwelt und Wasserwirtschaft, Abteilung
Umweltschutz (Hrsg.) (2013): OÖ-Klimawandel-Anpassungsstrategie, Linz.
AMT DER STMK. LANDESREGIERUNG, Fachabteilung 19B - Schutzwasserwirtschaft und
Bodenwasserhaushalt (2006): Schutzwasserwirtschaft an der Lafnitz – ein europäischer Musterfluss. 2. Auflage (1. Auflage 1996).
BBR – Bundesamt für Bauwesen und Raumordnung(Hrsg.) (2009): MORO-Informationen Nr.
6/1-09/2009 „Flusslandschaftsgestaltung ein Ansatz zur Integration von Hochwasserschutz, Niedrigwasservorsorge und Kulturlandschaftsentwicklung, Bonn
BIRKMANN. J., SCHANZE, J., MÜLLER, P., STOCK, M., (Hrsg.) (2012): Anpassung an den
Klimawandel durch räumliche Planung – Grundlagen, Strategien, Instrumente. E-Paper
des ARL Nr. 13, Hannover URN: http://nbn-resolving.de/urn:nbn:de:0156-73192
BIRKMANN, J.; VOLLMER, M.; SCHANZE, J. (Hrsg.) (2013): Raumentwicklung im Klimawandel – Herausforderungen für die räumliche Planung. Hannover. Forschungsberichte der ARL 2. URN: http://nbn-resolving.de/urn:nbn:de:0156-07302
BIRNGRUBER H., HIESS, H., JIRICKA A., KLEINBAUER I.,PRÖBSTL U., (2011): CLISP
Climate Change Adaptation by Spatial Planning in the Alpine Space – Model Region
Upper Austria, Model Region Report, Linz: abrufbar unter www.clisp.eu
BMLFUW (Hrsg.) (2011): Vorläufige Bewertung des Hochwasserrisikos 2011. Bericht zur
Umsetzung in Österreich. Wien 2011.
BMLFUW (Hrsg.) (2012): Die österreichische Strategie zur Anpassung an den Klimawandel,
Teil 1 & Teil 2, Wien.
BMVBS, BBSR (Hrsg.) (2013): Methodenhandbuch zur regionalen Klimafolgenbewertung in
der räumlichen Planung – Systematisierung der Grundlagen regionalplanerischer
Klimafol-genbewertung, Berlin / Bonn.
FREI, R.; KOPF, M. (2011): Blaue Zonen in Vorarlberg - Fl chenvorsorge f r den Hochwasserschutz. In: Wasser und Raum, Zeitschrift vorum, Ausgabe 1/2011, 14. Jahrgang.
FRÖHLICH, J., KNIELING, J., SCHAERFFER, M., ZIMMERMANN, T. (2011): Instrumente
der regionalen Raumplanung und Raumentwicklung zur Anpassung an den Klimawandel, neopolis working papers No.10, Publikation im Rahmen des Forschungsprojektes KLIMZUG-NORD, HCU HafenCity Universität, Hamburg
HABERSACK, H.M., BÜRGEL, J., STIEFELMEYER, H., KANONIER, A. (2010): FloodRisk I
und II: Grundlagen für ein integriertes Hochwassermanagement in Österreich. Österreichi-sche Wasser- und Abfallwirtschaft, Band 62, Heft 1-2, 1-6,. Springer Verlag,
ISSN Print 0945-358X
ISLAM, S., SUSSKIND, L., (2011): Unterlagen zum Water Diplomacy Workshop, 13.-17.
April 2011, Tufts University Medford, Massachusetts.
KANONIER, A. (Hrsg.) (2011): Raumplanung und Naturgefahrenmanagement. Forum
Raumplanung 19; LIT Verlag, Wien, Berlin
KANONIER, A., DAVID, C., (2005): Naturgefahren im österreichischen Raumordnungsrecht
– Übersicht hinsichtlich der raumordnungsgesetzlichen Bestimmungen bezüglich
Naturge-fahren im Raumordnungsrecht der Länder, Studie im Auftrag der Österreichischen
Raum-ordnungskonferenz
(ÖROK),
Wien
abrufbar
unter:
http://www.oerok.gv.at/fileadmin/Bilder/2.ReiterStartClim2013 Seite 35

Endbericht StartClim2013
Raum_u._Region/3.Themen_und_Forschungsbereiche/7.RO_u._Naturgefahren/Expert
ise_Naturgefahren_im_RO_Recht_01_2004.pdf
KOPF, Manfred (2013): Amt der Vorarlberger Landesregierung, BLAUZONE RHEINTAL.
Verordnung der Vorarlberger Landesregierung über die Festlegung von überörtlichen
Freiflä-chen zum Schutz vor Hochwasser im Rheintal. Bregenz, 10.12.2013, Zahl: VIIa420.41
NACHTNEBEL, H.P., APPERL, B., (2013): Wasserwirtschaftliche Entwicklung in Überflutungsgebieten: Instrumentenevaluierungsstudie, Amt der OÖ Landesregierung Direktion Umwelt und Wasserwirtschaft, Linz.
ÖROK (Hrsg.) (2011): Österreichisches Raumentwicklungskonzept ÖREK 2011 – Österreichische Raumordnungskonferenz Beschluss vom 4. August 2011, Wien.
ÖROK (Hrsg.) (2005): ÖROK – Empfehlung Nr. 52 zum präventiven Umgang mit Naturgefahren in der Raumordnung (Schwerpunkt Hochwasser) – Rundlaufbeschluss der
politischen Konferenz vom 21. Jänner 2005, Wien.
ÖWAV (2013): Wasser, Energie und Klimawandel. Herausforderungen, Rahmenbedingungen und Chancen für die Wasserwirtschaft. Tagungsband zur Konferenz der ÖWAV am
13. März 2013 in Wien.
PLESCHKO, D. (2012): Ein Hochwasserrisikomanagementplan: Pilotprojekt Obere Traun. In:
Flussbautagung 2012; Hochwasserrisikomanagement, Analyse – Bewertung – Minderung – Kommunikation. Tagungsband. Österreichischer Wasser- und Abfallwirtschaftsverband, Wien (2012).
RAMBØLL, ATELIER DREISEITL (2013): Copenhagen Cloudburst. Interne Studie zum
Hochwassermanagement in Kopenhagen.
REVITAL, (2008): Ergebnisprotokoll zum ÖROK Workshop “Land n tzen – Menschen schützen, Risikomanagement von heute, morgen oder vorgestern? am 16.1.2008
RICHTLINIE 2000/60/EG DES EUROPÄISCHEN PARLAMENTS UND DES RATES vom 23.
Oktober 2000 zur Schaffung eines Ordnungsrahmens für Maßnahmen der Gemeinschaft im Bereich der Wasserpolitik, 2000. Amtsblatt der Europäischen Gemeinschaften.
RICHTLINIE 2007/60/EG DES EUROPÄISCHEN PARLAMENTS UND DES RATES vom 23.
Oktober 200 ber die Bewertung und das Management von Hochwasserrisiken, 2007.
Amtsblatt der Europäischen Gemeinschaften.
SALINAS, J.L. et al. (2013): Extremwerte und Auswirkungen der Klimaänderung auf die
Wasserwirtschaft. Vortrag im Rahmen der Konferenz: Wasser, Energie und Klimawandel – Herausforderungen, Rahmenbedingungen und Chancen für die Wasserwirtschaft. ÖWAV, 13.3.13, Wien.
SALINAS, J.L.; LAAHA, G; M. ROGGER; J. PARAJKA; A. VIGILIONE; M. SIVAPALAN; G.
BLÖSCHL (2012): redictions in ungauged basins: comparative assessment of floods
and low flows studies. [EGU Leonardo Conference Series on the Hydrological Cycle,
Hydrology and Society, Turin, 14-16 November 2012]
SCHERHAUFER P. et.al. (2012) Antizipatorisches Hochwasserrisikomanagement – Methodische und konzeptionelle Herausforderungen in RiskAdapt. Poster zum 12. und zum
14. Klimatag
SCHÖNER, W., BÖHM, R., HASLINGER, K., BLÖSCHL, G., KROISS, H., MERZ, R.,
BLASCHKE, A.P., VIGILIONE, A., PARAJKA, J., SALINAS, J.L., DRABEK, U., LAAHA,
G., KREUZINGER,N. (2011): Anpassungsstrategien an den Klimawandel für Österreichs Was-serwirtschaft.
SEHER, W. (2004): Hochwasserschutz – Handlungsoptionen der Raumplanung zwischen
Koexistenz und Kooperation. In: Wasserwirtschaft, 94, 3/2004, Seite 8-12
StartClim2013 Seite 36

Endbericht StartClim2013
SIEGEL, B., RICHTER, G., JANSSEN, G., KÄMMERER, P. (2004): Vorbeugender Hochwasserschutz im Einzugsgebiet der Oberen Elbe – eine zentrale Aufgabe der Raumordnung, Leibniz Institut für ökologische Raumentwicklung e.V., Fraunhofer IRB Verlag, Stuttgart.
SIVAPALAN, M., SAVENIJE, H. H. G., BLÖSCHL, G. (2011): Socio-hydrology: A new science of people and water. In: Hydrological Processes, Published online in Wiley Online
Li-brary (wileyonlinelibrary.com).
STIEFELMEYER, H. (2012): Vom Hochwasserschutz zum Hochwasserrisikomanagement:
Ein weiter Weg? In: Flussbautagung 2012; Hochwasserrisikomanagement, Analyse –
Bewer-tung – Minderung – Kommunikation. Tagungsband. Österreichischer Wasserund Abfallwirt-schaftsverband, Wien (2012).
SUSSKIND, L. (2013): Water and Democracy: New Roles for Civil Society in Water Governance. Massachusetts Institute of Technology. Draft: Forthcoming in the International
Journal of Water Resources Development.
UMWELTBUNDESAMT – D (Hrsg.) (2012): Kosten und Nutzen von Anpassungsmaßnahmen an den Klimawandel – Analyse von 28 Anpassungsmaßnahmen in Deutschland,
Des-sau-Roßlau. Online abrufbar unter: http://www.uba.de/uba-info-medien/4298.html
WRG – Wasserrechtsgesetz: Wasserrechtsgesetz 1959 – WRG 1959, StF: BGBl. Nr.
215/1959 (WV)
WISA www.wisa.at

StartClim2013.E
Armour, C.L. (1991). Guidance for Evaluating and Recommending Temperature Regimes to
Protect Fish. Biological Report 90 (22) U.S. Department of the Interior, Fish and Wildlife Service, Washington, D.C. 20240.
Brehm, J. & , M.P.D Meijering (1982). Fließgewässerkunde. Quelle & Meyer, 311pp.
Buisson, L., W. Thuiller, S. Lek, P. Lim, & G. Grenouillet, 2008. Climate change hastens the
turnover of stream fish assemblages. Global Change Biology 14: 2232–2248.
Buisson, L. & G. Grenouillet (2009): Contrasted impacts of climate change on stream fish
assemblages along an environmental gradient. Diversity and Distributions 15: 613–
626.
Caissie, D. (2006). The thermal regime of rivers: a review. Freshwater Biology 51(8): 1389–
1406.
Comte, L., L. Buisson, M. Daufresne, & G. Grenouillet, (2013). Climate-induced changes in
the distribution of freshwater fish: observed and predicted trends: Climate change and
freshwater fish. Freshwater Biology 58: 625–639.
Eddy, F. B. & E. M. Williams (1987): Nitrite and Freshwater Fish. Chemistry and Ecology,
3(1): 1-38.
Elliott, J M. (2000). Pools as refugia for brown trout during two summer droughts: trout responses to thermal and oxygen stress. Journal of Fish Biology 56(4): 938-948.
Elliott, J. M. & J. A. Elliott (2010). Temperature requirements of Atlantic salmon Salmo salar,
brown trout Salmo trutta and Arctic charr Salvelinus alpinus: predicting the effects of
climate change. Journal of Fish Biology 77: 1793 – 1817.
Filipe, A. F., D. Markovic, F. Pletterbauer, C. Tisseuil, A. De Wever, S. Schmutz, N. Bonada,
& J. Freyhof, 2013. Forecasting fish distribution along stream networks: brown trout
(Salmo trutta) in Europe. Diversity and Distributions 19:

StartClim2013 Seite 37

Endbericht StartClim2013
Fry, F. E. J. (1947). Effects of the environment on animal activity. University Toronto Studies
in Biology, Series No. 55, Publications of the Ontario Fisheries Research Labor 68, 162.
Fry, F. E. J. (1967). Responses of poikilotherms to temperature. 375-709 in A.H. Rose, ed.
Thermobiology. Academic Press, San Diego, Calif. 653 pp.
Fry, F. E. J. (1971). The effect of environmental factors on the physiology of fish. In: Fish
Physiology - Environmental Relations and Behavior (W. S. Hoar & D. J. Randell, eds),
pp. 1-97, New York and London, Academic Press.
Gabriel, O., Hochedlinger, G., Kovács Á., Schilling, C., Thaler, S., Windhofer, G., Zessner,
M. (2011). Stoffbilanzmodellierung für Nährstoffe auf Einzugsgebietsebene als
Grundlage für Bewirtschaftungspläne und Maßnahmenprogramme (STOBIMONährstoffe). Endbericht. BLMFUW, Mai 2011.
Gozlan, R.E., D. Andreou, T. Asaeda, K. Beyer, R. Bouhadad, D. Burnard, N. Caiola, P.
Cakic, V. Djikanovic, H. R. Esmaeili, I. Falka, D. Golicher, A. Harka, G. Jeney, V. Kovac, J. Musil, A. Nocita, M. Povz, N. Poulet, T. Virbickas, C. Wolter, A. S. Tarkan, E.
Tricarico, T. Trichkova, H. Verreycken, A. Witkowski, C.-G. Zhang, I. Zweimüller & J. R.
Britton (2010): Pan-continental invasion of Pseudorasbora parva: towards a better understanding of freshwater fish invasions. Fish and Fisheries 11: 315–340
Gozlan, R.E., St-Hilaire, S., Feist, S.W., Martin, P. & M.L.Kent (2005). Biodiversity – disease
threat to European fish. Nature 435:1045
Haiden, T., A. Kann, C. Wittmann, G. Pistotnik, B. Bica, & C. Gruber, 2011. The Integrated
Nowcasting through Comprehensive Analysis (INCA) system and its validation over the
Eastern Alpine region. Weather and Forecasting 26: 166–183.
Hari, R. et al. (2005). Consequences of climatic change for water temperature and brown
trout populations in Alpine rivers and streams. Global Change Biology, Volume 12, p.
10-26.
Hinterhofer, M. (2011). Fisch des Jahres 2012 : Huchen. Österreichischer Fischereiverband,
6pp.
http://www.wau.boku.ac.at/fileadmin/_/H81/H812/_TEMP_/aktuell/Folder_Huchen_WE
B.pdf
Huet, M. (1949). Apercu des relations entre la pente et les populations piscicoles des eaux
courantes. Schweiz. Z. Hydrol. 11: 332–351.
Hutchinson, V.H. (1976). Factors influencing thermal tolerances of individual organisms.
Pages 10-16 in Proceedings of the Second Sauana River Ecology Laboratory Conference, April 1975, Augusta, Georgia.
IPCC (2007) eds. Pachauri, R. K. & A. Reisinger,: Synthesis Report. Geneva: pp 104,
http://www.ncbi.nlm.nih.gov/pubmed/19544840.
Isaak, D. J., C. H. Luce, B. E. Rieman, D. E. Nagel, E. E. Peterson, D. L. Horan, S. Parkes, &
G. L. Chandler, 2010. Effects of climate change and wildfire on stream temperatures
and salmonid thermal habitat in a mountain river network. Ecological applications : a
publication of the Ecological Society of America 20: 1350–1371.
Jarvie, H. P., C. Neal, R. J. Williams, M. Neal, H. D. Wickham, L. K. Hill, A. J. Wade, A.
Warwick & J. White (2002).Phosphorus sources, speciation and dynamics in the lowland eutrophic River Kennet, UK. The Science of the Total Environment 283: 175-203.
Jungwirth, M. & Winkler, H. (1984). The temperature dependence of embryonic development
of grayling (Thymallus thymallus), Danube salmon (Hucho hucho), arctic charr (Salvelinus alpinus) and brown trout (Salmo trutta fario). Aquaculture 38, 315-327.

StartClim2013 Seite 38

Endbericht StartClim2013
Kamler, E., H. Keckeis, & E. Bauer-Nemeschkal (1998). Temperature-induced changes of
survival, development and yolk partitioning in Chondrostoma nasus. Journal of Fish Biology 53(3): 658-682.
Kromp-Kolb, H. (2003). Auswirkungen von Klimaänderungen auf die Tierwelt – Derzeitiger
Wissensstand, fokussiert auf den Alpenraum und Österreich. Projekt im Auftrag des
österreichischen Bundesministeriums für Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft. Endbericht. Wien.
Küttel, S., Peter, A. & Wüest, A. (2002). Temperaturpräferenzen und –limiten von Fischarten
Schweizerischer Fließgewässer. Rhône-Thur Publikation Nr. 1. EAWAG, Kastanienbaum.
Mader H., Steidl T. & R. Wimmer (1996). Abflussregime österreichischer Fließgewässer.
Monographien Bd. 82, Umweltbundesamt, Wien.
Markovic, D., U. Scharfenberger, S. Schmutz, F. Pletterbauer, & C. Wolter (2013). Variability
and alterations of water temperatures across the Elbe and Danube River Basins. Climatic Change.
Matulla C., Schmutz S., Melcher A., Gerersdorfer T., Haas P. (2007) Assessing the impact of
a downscaled climate change simulation on the fish fauna in an Inner-Alpine River, International journal of biometeorology, 52(2), pp 127-37.
Matulla, C. und Haas, P. (2003). Prädiktorsensitives Downscaling gekoppelt mit Wettergeneratoren: saisonale und tägliche CC-Szenarien in komplex strukturiertem Gelände.
GKSS-Forschungszentrum Geesthacht GmbH.
Melcher, A., F. Pletterbauer, H. Kremser & S. Schmutz (2013). Temperaturansprüche und
Auswirkungen des Klimawandels auf die Fischfauna in Flüssen und unterhalb von
Seen." Österreichische Wasser-und Abfallwirtschaft (2013): 1-10.
Mohseni, O. & H. G. Stefan (1999). Stream temperature/air temperature relationship: a physical interpretation. Journal of Hydrology (Amsterdam) 218(3-4): 128-141.
Morrill, J. C., R. C. Bales, & M. H. Conklin (2005) Estimating Stream Temperature from Air
Temperature: Implications for Future Water Quality Journal of Environmental Engineering131(1): 139-146.
Mosheni, O. & Stefan, H. G. (1999). Stream temperature/air temperature relationship: a
physical interpretaion. Journal of Hydrology, Volume 218, Issue 3-4, p. 128 – 141.
Persat, H. & E. Pattee. (1981). The Growth Rate of Young Grayling in Some French Rivers.
E. Schweitzerbartsche Verlagsbuchhandlung, Stuttgart.
Scheurer, K., C. Alewell, D. Bänninger, & P. Burkhardt-Holm, 2008. Climate and land-use
changes affecting river sediment and brown trout in alpine countries—a review. Environmental Science and Pollution Research 16: 232–242.
Schmutz, S. & M. Jungwirth (2003). Veränderung der Verbreitung aquatischer Organismen.
Seite 70-74 in Kromp-Kolb (2003). Auswirkungen von Klimaänderungen auf die Tierwelt – derzeitiger Wissenstand, fokussiert auf den Alpenraum und Österreich, 142 pp.
Schmutz, S. & Mielach, C. (2011). Global warming affecting fish in the Danube River Basin.
Danube News, May 2011, No. 23, Volume 13.
Schmutz, S., M. Kaufmann, B. Vogel, & M. Jungwirth, 2000. Methodische Grundlagen und
Beispiele zur Bewertung der fischökologischen Funktionsfähigkeit Österreichischer
Fließgewässer. Vienna: 241.
Solheim, A. L. et al. (2010). Climate change impacts on water quality and biodiversity. Background Report for EEA European Environment State and Outlook Report 2010.

StartClim2013 Seite 39

Endbericht StartClim2013
Steurer, L. (2012) Development of empirical water-temperature models for Austrian rivers in
order to predict effects of climate change on fish populations, Master thesis BOKU,
109pp.
Varley, M. E. (1967). British Freshwater Fishes - Factors Affecting their Distribution. London:
Fishing News (Books) Limited.
Vautard, R. , Gobiet, A., Sobolowski, S., Kjellström, E., Stegehuis, A., Watkiss, P., Mendlik,
T., Landgren, O., Nikulin, G., Teichmann, C. & D. Jacob (2014). The European climate
under a 2°C global warming. Environ. Res. Lett. 9 034006
Webb, B. W. & Nobilis, F. (1995). Long term water temperature trends in Austrian rivers. Hydrological Sciences- Journal- des Sciences Hydrologiques, 40, 1. IAHS Press.
Webb, B. W. & Nobilis, F. (1997). Long-term perspective on the nature of the air-water temperature relationship: A case study. Hydrological Processes Vol. 11, S. 137 – 147.
Webb, B.W., Clark, P.D., & D. E. Walling (2003). Water-air temperature relationships in a
Devon river system and the role of flow. Hydrological Processes 17: 3069–3084.
Webb, B. W. & Nobilis, F. (2007). Long-term changes in river temperature and the influence
of climatic and hydrological factors. Hydrological Sciences-Journal-des Sciences Hydrologiques, 52 (1). IAHS Press.
Wolter, C. (2007). Temperature influence on the fish assemblage structure in a large lowland
river, the low Oder River, Germany, In: Ecology of Freshwater Fish 16, 493-503.
Wetzel, R. (1983). Limnology. 2nd edition, Saunders College Publishing, 767pp.
Zessner, M., C. Schilling, Gabriel, O. & U.Heinecke (2003). Nitrogen fluxes on catchment
scale: the influence of hydrological aspects. Water Science and Technology 52(9): 163173.
Zweimüller, I., M. Zessner & T. Hein (2008). Effects of climate change on nitrate loads in a
large river: the Austrian Danube as example. Hydrological Processes 22(7): 1022-1036

StartClim2013.F
ATTESLANDER, P. (2010): Methoden der empirischen Sozialforschung. 13. Auflage. Berlin.
BALAS, M. et al. (2011): Ausarbeitung sozialer Aspekte des Klimawandels und von Handlungsempfehlungen für die Raumordnung als Beitrag zum Policy Paper – Auf dem Weg
zu einer nationalen Anpassungsstrategie. Wien, Im Auftrag des Klima- und Energiefonds.
BERGMANN, N.; PIMMINGER, I. (2001): ToolBox Gender Mainstreaming, http://www.g-i-sa.de/res.php?id=144
BERGMANN, N.; PIMMINGER, I. (2004): Praxishandbuch Gender Mainstreaming. Konzept,
Umsetzung, Erfahrung. IN PIMMINGER, I. (Ed.). Wien, GeM-Koordinationsstelle für
Gen-der Mainstreaming im ESF L&R Sozialforschung im Auftrag des Bundesministeriums für Wirtschaft und Arbeit.
BRADSHAW, S. (2004): Socio-economic impacts of natural disasters: a gender analysis. IN
NATIONS, U. (Ed.) 32 ed. Santiago, Chile, Sustainable Development and Human Settle-ments División, Women and Development Unit.
BUNDESMINISTERIUM FÜR FAMILIE, SOZIALES, FRAUEN UND JUGEND (HRSG.)
(2010): Engagiert vor Ort – Wege und Erfahrungen von Kommunalpolitikerinnen. Berlin.
BUNDESMINISTERIUM FÜR LAND- UND FORSTWIRTSCHAFT, UMWELT UND WASSERWIRTSCHAFT (2013): Die Österreichische Strategie zur Anpassung an den
Klima-wandel, Teil 1-Kontext
StartClim2013 Seite 40

Endbericht StartClim2013
BUNDESMINISTERIUM FÜR SOZIALE SICHERHEIT UND GENERATION, SEKTION FÜR
FRAUENANGELEGENHEITEN (HRSG.) (1999): Gender Mainstreaming, Begriffsschema, Methodologie und Darstellng nachahmenswerter Praktiken, Abschließender Bericht der Mainstreaming Expertengruppe (EG-S-MS) des Europarates,
Zusammenfassung.
DAMYANOVIC, D. (2007): Landschaftsplanung als Qualitätssicherung zur Umsetzung der
Strategie des Gender Mainstreaming. Dissertation an der Universität für Bodenkultur.
Guthmann Peterson Verlag, Wien;
DEARE, F. (2004): A methodological approach to gender analysis in natural disaster assessment: a guide for the Caribbean. Santiago, Chile, United Nations.
ENARSON, E. (2001): What women do: gendered labor in Red Valley flood. Global Environmental Change Part B: Environmental Hazards 3: 1-18.
FINUCANE, M. L. et al. (2000): Gender, race, and perceived risk: the 'white male' effect.
Healthy risk and society 2.
FORDHAM, M. H. (1998): Making women visible in disasters: problematising the private domain. Disasters 22: 126-143.
GENDERCC – Women for Climate Justice (2009): Gender in die Klimapolitik! Berlin.:
http://www.gendercc.net/fileadmin/inhalte/Dokumente/Tools/Toolkit_Gender_in_die_Kli
mapolitik.pdf
GMMP (2010a): Austria. Global Media Monitoring Project 2010. National Report.
http://www.whomakesthenews.org/images/reports_2010/national/Austria.pdf
(31.01.2013)
GMMP
(2010b):
Global
Media
Monitoring
Project.
GMMP
Report.
http://www.whomakesthenews.org/images/reports_2010/global/gmmp_global_report_e
n.pdf (13.02.2013)
HAYN, D.; SCHULTZ, I. (2002): Gender Impact Assessment im Bereich Strahlenschutz und
Umwelt –Zwischenbericht. Im Auftrag des BMU. Frankfurt am Main.
HEMMATI, M. (2005): Gender and Climate Change in the North: Issues, Entry Points and
Strategies for the Post-Kyoto Process and Beyond. GENANET-Focal Point Gender
Jus-tice and Sustainability.
HEMMATI, M.; RÖHR, U. (2009): Engendering the climate-change negotiations: experiences, challenges, and steps forward. Terry, Geraldine. (2009) Climate Change and Gender Justice. Oxford, UK, ractical Action Publishing in association with Oxfam GB.
HOFFMAN, S. M. (1999): The regenesis of traditional gender patterns in the wake of disaster. The Angry Earth: Disaster in Anthropological Perspective 173-191.
HÜBL, J.; KEILER, M.; FUCHS, S. (2009): Risikomanagement für alpine Naturgefahren.
Wildbach- und Lawinenverbau.
IBARRARÁN, M. E. et al. (2009): Climate Change and Natural Disasters: Macroeconomic
Performance and Distributional Impacts. Environment, Development and Sustainability.
Volume 11, Issue 3, pp 549-569. London.
INTERNATIONAL FEDERATION OF RED CROSS AND RED CRESCENT SOCIETIES
(2006): What is VCA? An introduction to vulnerability and capacity assessment,
http://www.ifrc.org/Global/Publications/disasters/vca/whats-vca-en.pdf (4.2.2014)
JANU, S.; MEHLHORN, S.; MOSER, M. (2012): Ereignisdokumentation und Analyse des
Ereignisses vom 21. Juli 2012 in St. Lorenzen.
LAND STEIERMARK (2014) (a), http://www.verwaltung.steiermark.at/cms/dokumente/
11682124_74835415/1e8b28a5/Gemeinde_NEU_FACH1_01.02.2013.pdf (21.1.2014)
StartClim2013 Seite 41

Endbericht StartClim2013
LAND
STEIERMARK
(2014)
(b):
http://www.verwaltung.steiermark.at/cms/dokumente/11682121_74835241/2b37a41f/R
aumordnungsrecht_NEU.pdf (21.1.2014)
LAND STEIERMARK (2014) (c): http://www.verwaltung.steiermark.at/cms/dokumente/
11679832_74834953/8a642226/MitgliederErsatzmitglieder%20zur%20Information.pdf
(16.1.2014)
LE MASSON, V. (2013): Exploring disaster risk reduction and climate change adaptation
from a gender perspective. Insights from Ladakh. PHD thesis. Brunel University School
of Health Sciences and Social Care.
MEHTA, M. (2007): Gender Matters. Lessons for Disaster Risk Reduction in South Asia. International Centre for Integrated Mountain Development (ICIMOD, Hrsg.) Kathmandu,
Nepal
OEDL-WIESER, T. (2006): Frauen und Politik am Land, Forschungsbericht Nr. 65. Wien:
Bundesanstalt für Bergbauernfragen.
PARKER, A. R. (1993): Another Point of View: A Manual on Gender Analysis Training for
Grassroots Workers. New York: UNIFEM.
PUTZ, M.; KRUSE, S.; BUTTERLING, M. (2011): Bewertung der Klimawandel-Fitness der
Raumplanung. Ein Leitfaden für PlanerInnen. rojekt CLISP, ETC Alpine Space Programm.
QUING (2011): Advancing Gender+ Training in Theory and Practise. An International Event
for Practitioners, Experts and Commissioners in Gender-Training, Madrid.
RATHGEBER, T. (2005): Klimawandel verletzt Menschenrechte, Über die Voraussetzungen
einer gerechten Klimapolitik, Band 6, Herausgegeben von der Heinrich-Böll-Stiftung,
Ber-lin.
REINWALD, F.; Damyanovic, D.; Weber K. (2011): Frauen in der burgenländischen Gemeindepolitik. Im Auftrag des Amts der Burgenländischen Landesregierung, LADFrauenbüro.
RUDOLF-MIKLAU, F. (2009): Naturgefahren-Management in Österreich
SCHEUERER, T. (2010): Feuerwehr im Wandel der Zeit. Norderstedt.
STADTGEMEINDE TRIEBEN (2014): Homepage
http://www.trieben.net/index.php?id=79 (16.1.2014)

der

Stadtgemeinde

Trieben,

TERRY, G. (2009): Climate Change and Gender Justice. Oxford, UK: Practical Action Publishing in association with Oxfam GB.
THIEL, A. (2005): Politik und Gesellschaft. IN ZIEGLER, A. (Ed.) WSI-FrauenDatenReport
2005. Handbuch zur wirtschaftlichen und sozialen Situation von Frauen;. Düsseldorf.
TOBIN, G. A.; MONTZ, B. E. (1997): Natural Hazards
Explanation and Integration. New York: The Guilford Press.
UNDP (2009): Resource Guide on Gender and Climate Change.
UNISDR (2007): Hyogo Framework for Action 2005-2015: Building the Resilience of Nations
and Communities to Disasters. Extract from the final report of the World Conference on
Disaster Reduction (A/CONF.206/6).
UNISDR, UNDP, IUCN (2009): Making Disaster Risk Reduction Gender-Sensitive. Policy
and Practical Guidelines. Geneva, Switzerland, UNISDR, UNDP and IUCN.
UNISDR, UNDP, IRP (2010): Guidance Note on Recovery. Gender.
VERLOO, M.; ROGGEBAND, C. (1996): Gender impact assessment: In: Impact Assessment
V.14 Nr 1/1996, International Association for Impact Assessment 1996
StartClim2013 Seite 42

Endbericht StartClim2013
WEBER, G. (2005): Gender, Klimawandel und Klimapolitik, Über Fallstricke bei einer integrativen Betrachtung Diskussionspapier 01/05 des Projektes „Global Governance und Klimawandel“
WOTHA, B. (2000) Gender Planning und Verwaltungshandeln, Umsetzung von Genderbelangen in der räumlichen Planung – unter Berücksichtigung von Verwaltungsmodernisie-rung und neuer Tendenzen im Planungsberih Geographisches Institut der Universität Kiel (Hrsg.), Kieler Arbeitspapiere zur Landeskunde und Raumordnung 42/2000,
Kiel
Plans, planning instruments and statistical data
Flächenwidmungsplan der Stadtgemeinde Trieben 4.00 (2013a): erstellt von DI Martina
Kaml. GZ.: 03 / 1108 / RO / 01.2 - ÖEK | DATUM: 27. März 2013 | ERGÄNZT AM:
25.09.2013 ed.
Örtliches Entwicklungskonzept (ÖEK) der Stadtgemeinde Trieben 4.00 (2013b): erstellt von
DI Martina Kaml. GZ.: 03 / 1108 / RO / 01.2 - ÖEK | DATUM: 27. März 2013 |
ERGÄNZT AM: 25.09.2013 ed.
STATISTIK Austria: Registerzählung vom 31.10.2011 Demografische Daten, Wanderung der
Gemeinde Trieben, http://www.statistik.at/blickgem/rg2/g61247.pdf (21.1.2014)
STATISTIK
Austria:
Online-Blick
auf
die
http://www.statistik.at/blickgem/gemDetail.do?gemnr=61247

Gemeinde

Trieben,

STATISTIK Asutria: Bevölkerungsstand inkl. Revisionen seit 1.1.2008
DIGITALER
ATLAS
DER
STEIERMARK
http://www.gis.steiermark.at/cms/ziel/50190666/DE/

(2014):

StartClim2013.G
Barsics F., Haubruge E., Verheggen F.J. (2013): Wireworms’ Management: An Overview of
the Existing Methods, with Particular Regards to Agriotes spp. (Coleoptera: Elateridae).
In-sects 4, 117-152
Burghause F., Schmitt M. (2011): Monitoringergebnisse der Schnellkäfergattung Agriotes
(Elateridae, Coleoptera) in den Jahren 2008 bis 2010 in Rheinland-Pfalz. Gesunde
Pflanzen 63, 27-32
Eitzinger J., Kersebaum K.C., Formayer H. (2009) „Landwirtschaft im Klimawandel - Auswirkungen und Anpassungsstrategien für die Land- und Forstwirtschaft in Mitteleuropa“.
Agrimedia Verlag
Evans A.C., Gough H.C. (1942): Observations on some factors influencing growth in wireworms of the genus Agriotes Esch. Annals of Applied Biology 29, 168-175
Furlan L. (1998): The biology of Agriotes ustulatus Schaller (Col., Elateridae). II. Larval development pupation, whole cycle description and practical implications. Journal of Applied Entomology 122, 71-78
Furlan L. (2004): The biology of Agriotes sordidus Illiger (Col., Elateridae). Journal of Applied
Entomology 128, 696-706
Furlan L. (2005): An IPM Approach targeted against wireworms: what has been done and
what still has to be done. IOBC/wprs Bull. 28(2), 91-100

StartClim2013 Seite 43

Endbericht StartClim2013
Grünbacher E., Kromp B., Formayer H., Hann P. (2006): Einflüsse des Klimawandels auf
landwirtschaftliche Schädlinge und Nützlinge im Biologischen Landbau Ostösterreichs.
–Endbericht zum Projekt StartClim2005.C3-a.
Jung J., Racca P., Schmitt J., Kleinhenz B. (2012): SIMAGRIO-W: Development of a prediction model for wireworms in relation to soil moisture, temperature and type. Journal of
Applied Entomology, published online.
Klausnitzer B. (1994): Familie Elateridae. In: Klausnitzer B (ed) Die Larven der Käfer Mitteleuropas. Band 2, Myxophaga/Polyphaga, Teil 1. Gustav Fischer Verlag, Jena, pp 118–
189
Miles H.W. (1942): Wireworms and agriculture, with special reference to Agriotes obscurus L.
Annals of Applied Biology 29, 176-180
Murer E., Krammer C., Eitzinger J., Grabenweger P. (2011): GIS data base and methodology
for estimating impacts of climate change on soil temperatures and related risks for Austrian agriculture (CLIMSOIL). IUGG Congress Melbourne, Australia. Earth on the Edge:
Science for a Sustainable Planet. Poster:
http://www.boku.ac.at/climsoil/documents/Poster_CLIMSOIL_Melbourne.pdf
Parker W.E. and Howard J.J. (2001): The biology and management of wireworms (Agriotes
spp.) on potato with particular reference to the UK Agricultural and forest Entomology
3, 85-98
Staudacher K., Schallhart N., Pitterl P., Wallinger C., Brunner N., Landl M., Kromp B., Glauninger J., und Traugott M. (2011) Occurrence of Agriotes wireworms in Austrian agricultural land. Journal of Pest Science, 86, 33-39
van Herk W., Vernon R. (2012): Wireworm damage to wheat seedlings: effect of temperature
and wireworm state. Journal of Pest Science, published online.
ZAMG (2014) www.zamg.ac.at (Zugriff: 5.3.2014)

StartClim2013 Seite 44

Endbericht StartClim2013

10 List of Figures and Tables
Figures
Fig. 1:

High water temperatures during summer 2013, based on the example of Toplitzbach creek in
the headwaters of the river Traun. Hourly measurements (thin lines) and daily averages
(thick lines) of water temperatures measured at an elevation of 719m amsl (red lines) and
709m amsl (blue lines). Reference lines indicate optimum temperatures for brown trout
(dashed green line), the threshold where negative effects on growth are expected (dotted
green line) and the range of the upper lethal temperature (purple line), which was exceeded
for a short time during the hot period at the end of July and beginning of August 2013. ----- 12

Fig. 2:

Changes in land use along the Tyrolean Inn between 1950 and 2010 --------------------------- 14

Fig. 3:

Flood wave transformation of the 2005 flood as a result of floodplains along the Lower Inn
(Jenbach to Kufstein) in comparison with 1950 and 2010 ------------------------------------------- 15

Fig. 4:

Absolute (black) and relative (red) changes of runoff compared to runoff in the reference
period 1986–2012 for the climate scenarios C1, C2 and C3 (Tab. 1) at the runoff gauge
Brunau. ----------------------------------------------------------------------------------------------------------- 17

Fig. 5:

Directional statistics of annual runoff maxima at the runoff gauge Brunau for the reference
period (Ref.) 1986–2012 and for the simulation using scenario C3 (Tab. 1). The arrow shows
the mean Julian day of the annual runoff maxima (points on circle). The length of the arrow is
a measure of temporal variability r (given below the plot). ------------------------------------------- 18

Fig. 6:

Variability measure r plotted against the mean Julian day of annual runoff maxima simulated
for different scenarios (Tab. 1) and the reference period at the runoff gauge Brunau. -------- 18

Fig. 7:

Plan showing the Blauzone (source: Raumplanung/Land Vorarlberg) ---------------------------- 19

Fig. 8:

Schematic representation of observed and expected interrelations. Bold arrows: relationships verified by this study (methods used: path analysis, logistic regression analysis), dotted
arrows: assumed relationships not investigated in this study. Key: Temperature – mean air
temperature, structural quality – proportion of river stretch without impoundment / water abstraction, respectively, quality of in-stream river morphology, land use – share of agriculture
(woodland / wetland in the catchment), nitrite – Median concentra-tion, spec. discharge discharge per km² discharge area, fish – occurrence of 7 fish species, summer – June, July,
August, September -------------------------------------------------------------------------------------------- 22

Fig. 9:

The village St. Lorenzen in the Palten valley after the debris flow in July 2012 (Janu et al.,
2012) -------------------------------------------------------------------------------------------------------------- 24

Fig. 10: Women and men clearing debris after the debris flow in St. Lorenzen (IAN)-------------------- 25
Fig. 11: Wireworm (Agriotes sp., orange) on the roots of a young maize plant. --------------------------- 27
Fig. 12: A line of wireworm bait traps and two data loggers (in the foreground) in a maize field near
Bruck/Leitha. The traps were installed in a large area of bare soil caused by severe wireworm damage. -------------------------------------------------------------------------------------------------- 28
Fig. 13: SIMAGRIO-W model validation: example from a site near Bruck/Leitha (14% hit rate for the
model). The 2nd part of the model (grey squares) was used to calculate exact predictions of

StartClim2013 Seite 45

Endbericht StartClim2013
wireworm percentages in the upper 15cm of the soil during trapping periods where the 1st
part of SIMAGRIO-W predicted a wireworm activity of >10% for at least one day. Otherwise,
an activity ≤10% was assumed. If both measured and predicted wireworm activity was above
or below the validation threshold of 30% of the total population, the trapping period was
counted as a hit for the model. The dashed arrow marks the temperature optimum for wireworm activity according to SIMAGRIO-W. At this site, nearly all trapped larvae were identified as Agriotes ustulatus. ------------------------------------------------------------------------------------ 28

Tables
Tab. 1:

Different combinations of climate signal and glacierized area used for the runoff simulations.
The colours are equivalent in the following figures. ---------------------------------------------------- 17

Tab. 2:

The five steps of GAND (Gender Analysis of Natural Disasters) ----------------------------------- 24
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Annex
The following projects were part of StartClim2003 to StartClim2012. All reports can be found on
the
StartClim2013-CD-ROM
or
downloaded
from
the
StartClim
webpage
(www.startclim.at).
Subprojects of StartClim2003
StartClim.1: Quality control and statistical characteristics of selected climate parameters
on the basis of daily values in the face of extreme value analysis
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 Rickenmann, Egon Ganahl

StartClim.8: Risk-management and public prosperity in the face of extreme weather
events: What is the optimal mix of private insurance, public risk pooling 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 - University 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 Resources and Applied Life Sciences
Ingeborg Schwarzl
Institute of Interdisciplinary Studies of Austrian Universities (IFF)
Willi Haas

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

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

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

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.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.6: Adaptation strategies for economic sectors affected heavily by extreme
weather events: economic evaluation and policy options
Austrian Humans Dimensions Programme (HDP-A)
Department of Economics, 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. 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

Subprojects of 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 Korus, 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
Werner Schneider, Franz Suppan, Tatjana Koukal
StartClim2004.F: Continuation and further development of the MEDEA event data base
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

Subprojects of StartClim2005
StartClim2005.A1a: Impacts of temperature on mortality and morbidity in Vienna
Medical University of Vienna, Centre for Public Health, Institute of
Environmental 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, Herbert Formayer, Patrick Haas
Medical University of Vienna, Centre for Public Health, Institute of
Environmental 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
Reinhard 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
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HBLFA Raumberg Gumpenstein, Agricultural Research and Education Centre
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 result
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 climate
change
VINCA, Vienna Institute for Nature Conservation & Analysis
Ingrid Kleinbauer, 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 warming 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

Subprojects of 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
Environmental Hygiene: Hanns Moshammer
StartClim2006.B: Risk Profile for the autochthonous occurrence of Leishmania
infections 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
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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
StartClim2006.D2: Effects of climate change on the climatic potential of tourism
Institute of Meteorology, University of Freiburg
Andreas Matzarakis, Christina 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 Prettenthaler1,2, Andreas Gobiet2,3,
Clemens Habsburg-Lothringen1, Reinhold Steinacker4,
Christoph Töglhofer2, Andreas Türk 2,5

Subprojects of 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
stratospheric ozone
Institute of Meteorology, University of Natural Resources and Applied Life
Sciences, Vienna: Stana Simic
Institute of Medical Physics and Biostatistics, University of Veterinary Medicine
Vienna: Alois W. Schmalwieser
Medical University of Vienna, Centre for Public Health, Institute of
Environmental 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 effects
of climate change
Austrian Institute for Regional Studies and Spatial Planning: Cornelia Krajasits,
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
application 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

Subprojects of 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
recommended 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
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StartClim2008.C: Practical testing of the monitoring concept “Adaptations of insect
pests to climate change in crop production of eastern Austria” by
investigating the distribution of current cutworm (Agrotis segetum,
Schiff.; Fam. Noctuidae) damage as a function of site-related and climatic
factors
Bio Forschung Austria: Patrick Hann, Claus Trska, Eva Maria Frauenschuh,
Bernhard Kromp
StartClim2008.D: Organic agriculture in the mountains of Tyrol—contributions to
mitigating climate change and adaptation strategies
Division of Organic Farming, BOKU: Michael Dorninger, Bernhard Freyer
StartClim2008.E: Development and economic valuation of landscape structures to
decrease 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

StartClim2009.C: Analysis of vulnerability and adaptation to climate change in the
Wienerwald biosphere reserve
Institute of Silviculture, BOKU: Stefan Schörghuber, Werner Rammer, Rupert
Seidl, Manfred J. Lexer
StartClim2009.D: Humus assays as a practical tool for farmers to support carbon
sequestration 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

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

Subprojects of StartClim2010

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 Environmental
Research, Garmisch: Arjan De Brujin, Ralf Kiese, Klaus Butterbach-Bahl

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

Subprojects of 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
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StartCim2010.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.C: The social costs of adaptation: approaches to an evaluation of
adaptation 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
Heumesser, 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
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Startclim2010.F: Hot town, summer in the city – effects of hot days on recreational and
leisure behaviour and sightseeing programmes of city tourists as
exemplified 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
handling natural hazards
Austrian Red Cross: Jürgen Högl, Clemens Liehr, Gerry Foitik
Institute of Production and Logistics, BOKU: Manfred Gronalt,
Magdalena Schweiger, Patrick Hirsch

Subprojects of 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
development of climate change adaptation strategies
Institute of Silviculture, BOKU: Rupert Seidl, Dominik Thom
Institute of Forest Protection, Federal Research and Training Center for
Forests, Natural Hazards, and Landscape (BFW): Hannes Krehan, Gottfried
Steyrer

Austrian Agency for Health and Food Safety (AGES): Andreas Baumgarten,
Hans-Peter Haslmayr
Federal Environment Agency: Alexandra Freudenschuß
StartClim2012.C: Disturbance of forest stands and humus loss
Institute of Forest Ecology, BOKU: Douglas Godbold, Mathias Mayer, Boris
Rewald
StartClim2012.D: To count with and on wood: adaptations of tools and data (German:
Holz BZR)
Kompetenzzentrum Holz GmbH: Tobias Stern, Franziska Hesser, Georg
Winner, Sebastian Koch
Institute of Marketing and Innovation, BOKU: Leyla Jazayeri-Thomas, Verena
Aspalter, Martin Braun, Wolfgang Huber, Peter Schwarzbauer
Institute of Wood Science and Technology, BOKU: Robert Stingl, Marie Louise
Zukal, Alfred Teischinger
Federal Environment Agency: Peter Weiss, Alexandra Freudenschuß
StartClim2012.E: Snow line climatology within the Alpine region, derived from reanalysis data
Institute of Meteorology, BOKU: Herbert Formayer, Imran Nadeem
StartClim2012.F: Values as performance indicators: a path towards a proactive climate
protection
Centre for Global Change and Sustainability, BOKU: Maria Miguel Ribeiro, Julia
Buchebner

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

Subprojects of 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,
Andreas Klik, Sophie Zechmeister-Boltenstern
StartClim2012.B: Effects of climate change on soil functions: metadata analysis
Federal Research and Training Centre for Forests, Natural Hazards, and
Landscape (BFW): Michael Englisch, Barbara Kitzler, Kerstin Michel, Michael
Tatzber
Federal Agency for Water Management, Institute for Land & Water
Management Research (BAW-IKT): Thomas Bauer, Peter Strauss
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