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Abstract 

StartClim has been studying the topic of adaptation to climate change since 2008. 

StartClim2012 focussed on “soils”, wood as a carbon reservoir, the climatology of snow lines 
in the Alpine region and, finally, a social science study addressed values and climate protec-
tion. 

Soils are an essential and often underestimated basis of life for natural as well as human 
systems. They interact intensely with their environment (atmosphere, vegetation, water bod-
ies, etc.) through matter and energy interchanges and react to climatic changes through se-
vere alterations to essential soil processes and functions, such as the filter, buffer and trans-
formation functions, the water balance compensating function, the production function and of 
course the habitat function for humans, animals and vegetation. Temperature increase and 
changes in precipitation (quantity, distribution and intensity) influence soil dynamics, mineral-
isation rate, water storage capacity and retentivity, biological activity in soils, and much more. 

Soils can also be important sources and sinks of greenhouse gases, depending on their 
composition, vegetation cover, cultivation methods and other environmental factors. Thus 
they also play an important role in the context of climate protection. 

At the same time the competition for soil as a limited resource is also intensifying in Austria. 
Growing land consumption by residential and commercial areas, the demand for biomass 
from agriculture and forestry, and habitat protection for rare plant species require the target-
ed inclusion of soil protection in spatial planning concepts. To achieve this, comprehensive 
soil data and adequate evaluation models are needed as tools. 

Based on an extensive literature study (meta-study) it was shown that parameters currently 
assessed and measured, such as humus content (percentage Corg), net nitrogen mineralisa-
tion rates, bulk density, pH, microbial biomass, heavy metals, water holding capacity, in soil 
surveys or soil monitoring systems are not suitable, at least in their current form, for evaluat-
ing the effects of climate change on soil functions. This is mainly because of the inability to 
demonstrate the climate sensitivity of soil carbon dynamics, which is a key parameter in the 
evaluation of soil functions. 

As for field parameters (ecological soil water balance, humus form, flooding dynamics, soil 
type, soil production class), an evaluation of climate sensitivity is not possible, since they 
each entail a classification comprising many factors and, moreover, are normally assessed 
only once. Thus information about change is lacking. 

Forest soil is particularly significant as the largest organic carbon store. In temperate forests, 
for example, approx. 50% of the total carbon is stored in the soil. This amount results from 
inputs from leaf and root litter and outputs due to mineralisation, the breakdown of organic 
matter by microbial biomass. The removal or death of a tree reduces litter inputs but also 
increases mineralisation. 

It is of special scientific and practical interest to know the reaction of forest soil to calamities 
such as windthrow, pests and diseases – events that could possibly be more frequent under 
altered climate conditions. Windthrow occurred in 2007 and 2009 on a site in the Upper Aus-
trian Kalkalpen [Limestone Alps]. Through measurements of biomass and activity of fungal 
symbionts on the root, called mycorrhizas, it was shown that the soil in the 2007 windthrow 
area was virtually in the same condition as undisturbed forest soil, whereas in the 2009 wind-
throw area the mycorrhizas in the ingrowth bags were much less developed. 

Climate change adaptation measures, especially soil protection, play an important role in 
agriculture. Cover cropping is a key measure for reducing erosion and preventing nitrate 
leaching to the groundwater. Around 33% of Austrian crop land is planted with cover crops 
after harvest, demonstrating that this measure has broad acceptance among Austrian farm-
ers. 
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However, there are concerns that the cultivation of cover crops may lead to increased green-
house gas emissions, raising questions about the effectiveness of this measure. Experiments 
on two sites with different climatic conditions (one in Lower Austria, one in Upper Austria) 
indicated that cover crops show small greenhouse gas emissions compared to fertilisation 
and tillage. Methane was negligible and carbon dioxide emissions were small because of the 
low soil temperatures between late autumn and spring. Provided that suitable cover crops 
were selected, nitrous oxide emissions were about one tenth of main crop emission levels, 
which is similar to emission levels of bare soil. Only mustard in pure stand showed enhanced 
emission levels. Important environmental drivers of greenhouse gas emissions were high soil 
water content (increase in nitrous oxide), dissolved organic carbon (increase in nitrous oxide 
and carbon dioxide) and plant nitrogen content (increase in nitrous oxide and carbon diox-
ide). 

From these results it can be concluded that cover cropping is only of minor importance for 
greenhouse gas emissions from agricultural soils and may well be used as a climate change 
adaptation measure. Future agro-environmental programmes should promote mixed cul-
tures, while avoiding mustard in pure stand. 

Next to forest soil, wood is the most important carbon reservoir in forests. Cascaded use of 
wood is a suitable way of mitigating carbon dioxide emissions through the formation of a car-
bon storage pool in wood products. It is generally regarded as a cost-efficient and technically 
feasible climate change mitigation measure. Since an obligation to include changes in carbon 
pools in national greenhouse gas inventories was agreed at the 2011 United Nations Climate 
Change Conference in Durban for the reporting period of 2013, an adequate framework for 
meeting this obligation was elaborated in a study. The particular requirements for adaptation 
of the FOHOW model (a model simulating the entire forest-based sector, from wood re-
sources over intermediates to end products) for assessment of carbon pools and missing 
data points were identified, and the tendential rise in the mean half-life of long-lasting wood 
products was observed. Regional assignments were conducted to assess wood quantities in 
single-family houses, and data on building dimensions were gathered. The wood use could 
thus be identified on the basis of model buildings, the Federal Register of Buildings and 
Dwellings and the share of timber in buildings. 

The study of snow line climatology presented a completely different problem. Snow plays an 
important role within the Alpine region. Besides manifold implications for ecosystems (frost 
protection, water storage, snow damage, etc.) it has an enormous economic impact on winter 
tourism. The analysis of the change in snow line elevation over time within the last three 
decades in Europe shows some surprising results. It is only in summer that the snow line has 
shown a continuous upward trend. In all other seasons strong decadal variations, which can 
shift the snow line more than 150 m in either direction from the average conditions, charac-
terise the 30-year mean. These variations have been most pronounced in western and 
southern Europe. Studies of snow reliability under climate change in Austria should definitely 
consider this. 

Most important for winter tourism, the medians (50% of cases are above, 50% below) of win-
ter snow lines differed more than 1000 m between the warmest and coldest areas in the Al-
pine region. The snow line median for north-eastern Austria is approximately 600 m; Italian 
ski resorts reach about 1200 m; and some French resorts are over 1500 m. 

Climate mitigation and climate change adaptation are directly related to socio-cultural norms 
and values. Knowledge alone, e.g. of the threat posed by climate change, does not neces-
sarily lead to climate-friendly behaviour. Individual and collective values (often held uncon-
sciously) often influence behaviour. Some values appear to be a better source of motivation 
for environmentally and climate-friendly behaviour than others. Thus it is imperative to make 
values visible. To understand the evolution or change in values in society, indicators for 
measuring them are required. 

A social science study explored these values by testing a process to identify and measure 
the shared values held by university staff and students. Interviews, surveys and working 
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groups were used to identify eight values that are climate-relevant and meaningful for univer-
sity members. These eight value statements were assessed using 76 validated indicators. 
The positive link between the eight values and the reduction in the carbon footprint, in-
creased adaptability to climate chance and willingness to adapt to climate change is de-
scribed. 

It is recommended that these values and indicators be discussed (after adaptation to the 
different organisational contexts) and the possibility be studied of incorporating them in the 
BOKU sustainability report and sustainability strategy, the work of the BOKU Ethics Platform 
and the Working Group on Social Responsibility. 
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1 The StartClim research programme  

The StartClim climate research programme is a flexible instrument. Because of the short 
project duration it can react quickly to topical aspects of climate and climate change. It is 
financed by a donor consortium consisting of ten institutions: 

o Federal Ministry of Agriculture, Forestry, Environment and Water Management 
(2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012) 

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

o Federal Ministry of Economy, Family and Youth 
(2003, 2006, 2007, 2008, 2009, 2010) 

o Federal Ministry of Science and Research 
(2003, 2004, 2006, 2007, 2008, 2009, 2010, 2011, 2012) 

o Federal State of Upper Austria 
(2012) 

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

o Oesterreichische Nationalbank 
(2003, 2004) 

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

o Federal Environment Agency 
(2003) 

o Verbund AHP 
(2004, 2007) 

StartClim has been studying adaptation to climate change since 2008. It provides valuable 
contributions to the development and implementation of an Austrian strategy in this regard. 

The StartClim2012 projects focussed on soils. Different aspects relevant to adaptation to 
climate change were explored. The projects investigated cover crops as a source or sink of 
soil greenhouse gas emissions, effects of climate change on soil functions, disturbance of 
forest stands and humus loss, cascaded use of wood as a climate change mitigation meas-
ure, snow line climatology within the Alpine region, and values as performance indicators for 
proactive climate protection. 

The StartClim2012 report contains an overview of the results in German and English along 
with separately bound documentation, in which the individual projects are described in detail 
by the respective project teams. All reports and documents about StartClim2012 will be 
made available for download at http://www.austroclim.at/startclim, the StartClim website. A 
limited number of CDs with all StartClim reports and folders with a short summary will also be 
published. 
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2 StartClim2012A: Cover crops as a source or sink of soil green-
house gas emissions? 

Cover cropping is a key measure in the Austrian agro-environmental programme ÖPUL. 
Cover crops effectively prevent nitrate leaching to the groundwater and protect agricultural 
soils from erosion. Around 33% of Austrian crop land is planted with cover crops after har-
vest, demonstrating the broad acceptance of this measure among Austrian farmers. 

The agro-environmental measures in future European agricultural policies will have to take 
particular account of their relevance to climate change mitigation and adaptation. The in-
creasing frequency of extreme climatic events could result in a higher risk of soil erosion. 
Uncertainty regarding nitrogen management will increase because of drought and higher 
mean temperatures. These facts confirm the importance of cover cropping as an instrument 
for climate change adaptation in agriculture. However, a recent study evaluating the past 
ÖPUL programme revealed the risk of high gaseous nitrogen losses for certain cover crop 
species. As nitrous oxide is a greenhouse gas (GHG), more detailed information about emis-
sions from cover cropped soils will help determine the meaningfulness of this adaptation 
measure. 

In this project the influence of different cover crops on GHG emissions from agricultural soils 
in two climatically different sites (Lower Austria, Upper Austria) was studied. Four cover crop 
variants were compared with a bare soil control. The cover crop variants contained mustard, 
the most commonly used cover crop and the species with highest gaseous nitrogen losses 
reported in the study mentioned above, as well as three cover crop mixtures (phacelia-
mustard, cress-mungo-radish, Alexandrian clover-mungo-phacelia). Soil GHG emission 
measurements were taken at critical moments when potentially high emissions were ex-
pected (onset of residue mineralisation, water saturation and thawing of soil in spring). 

Nitrous oxide emissions between the end of cover crop growth (late autumn) and main crop 
seeding were generally low and between one and two magnitudes below peaks for emis-
sions registered during the subsequent main crop at tillage and fertilisation (Fig. 1). On aver-
age, emissions related to cover cropping were 40 times lower (6.0 vs. 259.3 mg m2 h-1) than 
those during the main crop season. This is explained by strong emission peaks after organic 
nitrogen fertilisation and soil tillage and a rise in emissions with increasing soil temperature. 

 
Fig. 1: Nitrous oxide emissions after a cover crop (example: mustard) and during the subsequent 

main crop (maize) at the experimental site in Pötting, Upper Austria. Note that the y axis has 
a logarithmic scale, i.e. emissions during the main crop period are, with one exception, be-
tween ten to hundred fold higher than in the post cover crop period. 
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Of the different cover crops, mustard showed the highest nitrous oxide emissions (Fig. 2) and 
they were substantially higher in particular at times of high average emissions (thawing and 
water saturated soil). Bare soil and cover crop mixtures did not show marked differences. 
The enhanced nitrous oxide emissions from mustard could be due to glucosinolate decom-
position from mustard residues. 

 
Fig. 2: Nitrous oxide emissions from mustard and cover crop mixtures (average of mustard-

phacelia, cress-radish-phacelia and Alexandrian clover-mungo-phacelia) compared to bare 
soil for different average emissions. 

Carbon dioxide emissions were also low between late autumns and spring because of low 
soil temperatures. Methane emissions were generally negligible. The higher carbon dioxide 
emissions from cover cropped plots indicated improved biological soil activity as a result of 
easily degradable green manure residues. While cover crops enrich the soil with organic 
matter, carbon dioxide emissions from bare soil have to be considered net losses of soil or-
ganic carbon. 

Main environmental factors contributing to enhanced GHG emissions were identified, namely 
high soil water content (increased nitrous oxide emissions), high dissolved organic carbon 
content (increased nitrous oxide and carbon dioxide) and a high nitrogen content in the crop 
biomass (increased nitrous oxide and carbon dioxide). 

The results showed that cover crops do not contribute substantially to GHG emissions from 
agricultural soils. Thus the advantages of cover cropping for climate change adaptation (ero-
sion control, groundwater protection) clearly outweigh their role as GHG source. Future agro-
environmental programmes should encourage cover crop mixtures but avoid pure stands of 
mustard. Brassica species are efficient cover crops and, when planted in mixtures with lower 
seeding density, do not result in higher GHG emissions. Enhanced carbon dioxide emissions 
are an indicator of a biologically active soil. With cover crops, carbon emissions into the at-
mosphere are compensated by carbon input, thereby helping to stabilise the organic matter 
balance in the soil. 
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3 StartClim2012.B: Effects of climate change on soil functions: 
metadata analysis 

Soils interact intensively (substance and energy fluxes) with their environment (atmosphere, 
vegetation, water, etc.). Climate change is likely to have a significant impact on major soil 
processes and central soil functions – filter, buffer and transformation functions – and on the 
mediating function in respect to water balance, yield and as a habitat for plants, animals and 
human beings. Temperature increase and changes in precipitation quantity, distribution and 
intensity influence humus dynamics and soil mineralisation rates, water storage and retention 
capacity, biological activity within the soils and more. Indicators and soil parameters that de-
scribe these soil properties are important benchmarks for appraising the performance of soil 
functions. 

At the same time, the competition for scarce soil resources is intensifying in Austria. Increas-
ing land consumption for urban settlement and industry, the demand for biomass from agri-
culture and forestry and the protection of soils as a habitat for rare (plant) species demand 
the targeted integration of soil protection in land planning concepts. To this end, extensive 
soil information is needed along with suitable valuation models. 

Soils have only recently been considered as subjects of protection and, apart from yield, soil 
functions have not been appraised to date. It was only in 2012 that an Austrian standard, 
ÖNORM L 1076, was published, followed by a background paper on methods for more com-
prehensive appraisal of soil functions (BMLFUW 2013). 

The aim of this study was to determine whether the existing soil function appraisal methods 
are adequate to reflect changes in soil functions as a consequence of climate change. Fur-
thermore it sought to identify possible (changed) interactions between individual soil func-
tions and to illustrate these findings within a pilot area (Mühlviertel, Upper Austria). Recom-
mendations for future proceedings, especially on the regional level, have been developed. 

Our approach to this problem was to select those indicators and parameters for appraisal of 
soil functions (a) for which changes as a function of temperature and precipitation were 
thought plausible, (b) which are assessed or measured in a suitable way to reflect such 
changes, and (c) which are part of the standard parameter sets measured or assessed within 
soil surveys or monitoring schemes in Austria. 

Some of these indicators and parameters react to changes in temperature and soil water 
conditions (a time horizon of 50 to 100 years was assumed), while others do not, and a third 
group react to changes but are not suitable for an assessment of change because of meth-
odological problems: 

a. potentially sensitive to climate change: pH, humus content (Corg), bulk density, water 
storage capacity, microbial biomass, land use 

b. not sensitive to climate change: carbonate content, soil texture, particle size distribu-
tion (fine soil < 2mm), coarse fraction, clay content 

c. potentially sensitive to climate change but unsuitable, because of assessment meth-
ods, for reflecting changes (one-time expert-based multifactorial assessment in the 
field): field classification of water balance, humus form, inundation dynamics, classifi-
cation of soil value, soil type. 

An extensive literature search (database: ScienceDirect, literature collections from BAW-IKT, 
BFW) for indicators and parameters from bullet point (a) and for nitrogen was conducted to 
determine expected or measurable qualitative and quantitative changes as a function of tem-
perature and precipitation. The literature search was limited to the years 2005–2013 and the 
temperate climate zone. Only publications that fulfilled minimum standards with respect to 
test statistics were included and used for meta-analysis. The literature search was done us-
ing the Comprehensive Metaanalysis software package. For some factors, already published 
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meta-analyses were used. For some parameters the literature base did not yield enough 
results for a meta-analysis. As far as possible, the results of the meta-analyses were com-
pared with review paper results. 

Results 

Humus content (content Corg): Soil carbon loss is frequently predicted on the basis of theo-
retical considerations (increase in soil respiration [decrease in indicator Q10 for soil respira-
tion with increasing temperature following the Arrhenius curve] and faster transformation of 
organic substance, soil carbon loss). It is also often postulated that an increase in net prima-
ry production due to climate change could mitigate this loss. Results from meta-analyses and 
review papers showed that definite conclusions cannot be drawn at present since a number 
of uncertainties influence the evaluation of the results (different temperature sensitivities of 
differently defined carbon pools, methodological problems in measuring decomposition rates, 
influence of further confounding factors such as changes in the water balance, atmospheric 
carbon dioxide concentration or land use, as well as uncertainties in balancing increasing 
carbon input because of increasing net primary production and increasing decomposition of 
organic substance in the soil). Since current versions of widely used models to predict soil 
carbon stocks are based on explicit assumptions (Q10-curve) that do not reflect these uncer-
tainties, the results of these models also have to be regarded as uncertain. 

A meta-analysis of the change in soil carbon stocks over a period of more than ten years 
based on regional to national soil monitoring networks produced a heterogeneous picture. 
Although no significant changes were found, some studies found minor decreases in soil 
carbon, while others found no significant change. For that reason, the parameter soil carbon 
content could not be appraised either quantitatively or qualitatively. 

According to our meta-analysis, the increase in net nitrogen mineralisation with increasing 
temperature is significant. Various meta-analyses show a positive correlation between net 
primary production and nitrogen supply and a slightly positive correlation with soil carbon 
stock. 

A meta-analysis of the potential correlation between soil carbon content and bulk density 
showed a highly significant, slightly negative correlation. As a consequence this important 
input parameter for the calculation of water storage capacity cannot be used for appraisal of 
climate sensitivity. This is especially unfortunate because water storage capacity is an input 
variable for the appraisal of several soil (sub-)functions. 

A potential change in pH as a function of temperature and precipitation could not be evaluat-
ed by meta-analysis because there are few publications on this subject. The existing publica-
tions found a slight increase or no changes. 

Based on the results of our literature search an increase in microbial biomass with increas-
ing temperature could be excluded, but a slight decrease could not be discounted. There 
were, however, highly significant changes in species groups within the microbial biomass. 

A potential change in heavy metal availability as a function of temperature and precipitation 
could not be evaluated by meta-analysis because there are few publications on this subject. 
Some publications based on greenhouse or warming experiments indicated increased mobili-
ty of some heavy metals with increasing temperature or soil drought. 

The following conclusions may therefore be drawn: 

1. Our literature search found no quantitative proof of climate sensitivity for any of the 
primary parameters for the appraisal of soil functions. This was mainly due to the ab-
sence of quantitative proof of climate sensitivity of soil carbon, a central input pa-
rameter for the appraisal of many soil functions. 

2. Field assessment parameters such as water balance, humus form, inundation dynam-
ics, classification of soil value and soil type, could not be appraised in connection with 
climate sensitivity since they each entail a classification comprising many factors and, 
moreover, are normally assessed only once. 
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3. Soil function appraisal methods are not suitable in their current form for determining 
the effects of climate change on soil functions. 

4. The inconsistent results found in respect to temperature sensitivity of (soil) carbon 
were due to the multitude of processes, which in turn are influenced by multiple fac-
tors, and also to the different methods and protocols used. Whereas standard proto-
cols and methodologies have been developed in the course of the research on forest 
die-back norms so as to achieve better comparability of measurements, they do not 
exist in this research field. 

Important parameters like soil respiration (factor Q10) are measured at only a few selected 
sites. It would be useful to introduce these parameters into the standard measuring set for 
existing soil monitoring and soil survey networks so as to broaden the database and include 
these parameters in respect to ecosystem types or (regional) political units. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Relationship between the Q10 factor and incubation temperature (Hamdi et al. 2013 mod., 
Kirschbaum 2006, mod.) 
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4 StartClim2012.C: Disturbance of forest stands and humus loss 

Forest soils are the largest and most enduring storage pools for organic carbon worldwide. In 
temperate forests around 50% of the total carbon is stored in the soil. The amount depends 
oninputs from leaf and root litter and outputs, which in turn are influenced by the rate of min-
eralisation, i.e. the breakdown of organic matter by microorganisms, and by erosion. Recent-
ly it has been shown that biomass input from mycorrhizal fungal hyphae is also a major 
source for the formation of soil organic carbon. 

Disturbances causing the loss of tree cover such as windthrow and bark beetle infestation 
also change the carbon dynamics in soils. Removal or death of a tree results, in the long 
term, in a decrease in litter inputs but also in an increase in mineralisation. The increase in 
mineralisation is due to changes in soil water content and soil temperature, which control 
microbial activity. In addition, as mycorrhizas are dependent on a carbon supply from the 
host trees, the death of the trees strongly decreases mycorrhiza activity, particularly that of 
the extramatrical mycelium growing in the soil. A decrease in mycorrhizal fungal activity al-
lows the activity of saprotrophic fungi to increase and hence can also increase soil organic 
matter mineralisation. This increase in activity, known as the Gadgil effect, is regarded as an 
important mechanism behind the increase in mineralisation. 

It is predicted that disturbances in the Alps due to windthrow and bark beetle will increase. 
Preliminary results have shown that ten years after a windthrow disturbance soil organic car-
bon stores decrease to almost 25% of the pre-disturbance levels. In StartClim project C, an 
investigation was carried out to attempt to determine the mechanisms behind this loss of soil 
organic carbon after disturbance. 

The investigation was carried out at Höllengebirge, Attersee, in the Upper Austrian Kalkalpen 
[Limestone Alps] using the existing sites of the EU Intereg project “SicAlp”. The sites are 
dominated by spruce and beech trees. The spruce stands were affected by large windthrows 
in 2007 and 2009, thus providing a pseudo-chronosequence to allow investigation of chang-
es over time after disturbance. In forests both trees and ground vegetation have fungal sym-
bionts on their root called mycorrhizas. The fine hyphae of these mycorrhizas form a large 
biomass in the soil. In this study, the hyphal biomass of the mycorrhizas was investigated 
from September 2012 in undisturbed forest and in the windthrow areas using ingrowth bags. 
These are bags with a fine mesh that allow hyphae to grow into them. A series of plots was 
established to simulate the effects of windthrow and permit separation of soil carbon dioxide 
efflux from the roots and fungal biomass (autotrophic respiration), and from breakdown of soil 
organic matter through mineralisation (heterotrophic respiration). In a trenching experiment, 
soil monoliths were isolated by digging a 50 cm deep trench and installing a plastic sheet. 
This treatment cut the carbon supply to the tree roots in the monoliths and prevents regrowth 
of the roots, thus removing autotrophic respiration. On the windthrow plots, carbon supply to 
the roots of the herbaceous vegetation and grass was decreased by clipping and removing 
the aboveground vegetation. In addition to the original work planned in the research pro-
posal, i.e. the measurement of mycorrhizal hyphal biomass, a number of other measure-
ments were carried out, including estimates of fungal and bacterial activity. 

 



Final Report StartClim2012  

StartClim2012 page 17 

 
Fig. 4: Ergosterol values (i.e. approx. mycorrhiza biomass) on non-clipped/non-trenched, 

clipped/trenched, and old trenched/bare soil plots at the stand (control), 2009 windthrow and 
2007 wind throw (mean ± SE). 

The ingrowth bags were removed in July 2013, and the mycelium biomass in the bags was 
estimated by visual and ergosterol analysis (Fig. 4). Only in the 2009 windthrow was a signif-
icantly lower amount of mycelium found. No significant difference was found between the 
intact forest and the 2007 windthrow, although the ergosterol values were lower. Similarly, 
clipping at the 2007 windthrow did not affect the amount of total mycelium, which depended 
on the number of trees (Fig. 5), suggesting that fungal biomass recovered after the 2007 
windthrow. 

 
Fig. 5: Number of tree seedlings within 2 metres of the non-clipped/non-trenched, clipped/ trenched 

plots at the 2009 and 2007 windthrows (mean + SE). 
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Fig. 6: Soil carbon dioxide efflux in intact and trenched/clipped plots in the forest stand and 2009 

and 2007 windthrows (mean + SE). 

Soil respiration decreased in the trenched and clipped plots in the intact forest and wind-
throws (Fig. 6). A comparison of the mean values of the non-trenched and trenched plots 
indicates that autotrophic respiration was about 30% of the total soil respiration in the stand, 
and a little less in the 2009 windthrow. The results indicate that root and fungal activity in the 
2007 windthrow had recovered to the level found in the intact forest. 

We studied the soil humus dynamics of a disturbed forest stand on a typical calcareous site 
in in the Kalkalpen [Limestone Alps] compared to nearby undisturbed stands. The work was 
carried out on patches of soil that had not been lost by erosion. As hypothesised, there were 
clear fluctuations in ectomycorrhizal biomass after windthrow, but the biomass recovered 
after several years and successful colonisation by tree seedlings took place. Loss of activity 
of the mycorrhizal hyphae and the onset of the postulated Gadgil effect could not be clearly 
shown, as there were a number of parallel events, such as changes in litter input and soil pH, 
which might mask direct biological effects. However, the work clearly showed that rapid re-
generation of vegetation at the site, particularly tree seedlings, is vital for soil protection and 
restoration of soil biological activity. In addition, it is vital for measures to be undertaken to 
prevent the initial loss of soil due to erosion before (tree) vegetation can regrow. 



Final Report StartClim2012  

StartClim2012 page 19 

5 StartClim2012.D: Counting on wood: adaptation of tools and da-
ta (German: Holz BZR) 

The actual and useful life of wood can be extended beyond the period of forest turnover by 
the material use of forest biomass. A cascaded use of wood is therefore a useful way of im-
proving the national greenhouse gas balance, as not only are the resources used efficiently, 
but also a carbon pool is implemented outside the forest. In the international literature this 
measure for avoiding greenhouse gas emissions is described as cost-effective and technical-
ly feasible, especially with regard to compensation of emissions from non-point sources, 
such as those from all kinds of transportation. 

For the purpose of international accounting of carbon release and sequestration, the Produc-
tion Approach for Harvested Wood Products (HWP) of Domestic Origin (PAD) was defined at 
the climate conference in Durban for use to abate carbon sequestered in harvested wood 
products. 

In the course of the StartClim project basic principles were developed to meet Austria’s 
commitment to report and offset emissions. In particular the possibilities for practical data 
improvement were reviewed as follows: 

1. Identification of the need to adapt the FOHOW simulation model for future simulations 
and calculations of the carbon storage in HWP 

2. Identification of the amount of wood used in one type of building (single-family house) 
and examination of the data integration in the Federal Register of Buildings and Dwell-
ings 

3. Involvement of the woodworking industry and examination of the development of a data 
trusteeship system 

The business cycle statistics in production and numerous assumptions and translations of 
the data formed the basis for the creation of an input-output table showing the distribution of 
different uses of wood on the basis of the semi-finished products. This table was supple-
mented by further national statistics. The consistency of the generated data was checked by 
comparison with studies in other countries. Finally the available and comparable business 
cycle statistics were used to generate as lengthy a time series as possible. The period from 
2002 to 2011 was systematically evaluated in respect of the wood use and a time series 
generated for that period. There was a distinct upward trend in the mean half-life (weighted 
according to amounts and type of utilisation). This is a quite remarkable development, as all 
calculation approaches for carbon storage in HWP to date have acted on the assumption of a 
static half-life. This increasing trend is the result of various factors, e.g. developments in 
technology, engineering and mechanical engineering. The development of society towards 
sustainable materials and a general reorientation of industry are further plausible reasons. 
Another possible hypothesis is that due to intensified competition between material and en-
ergetic use of the wood, there has been an increasing use of wood for long-term and high-
quality applications. 

It was also possible to identify the amount of wood used in single-family houses. The wood 
and timber products required for load-bearing elements in 27 single-family house models 
(walls, ceilings and roofs) were determined from records by Austrian carpentry companies 
and manufacturers of prefabricated houses. The individual data from the companies were 
made anonymous and statistically evaluated. The use of wood and timber products in the 
different buildings was broken down into the most common construction forms and related to 
the gross floor area of the houses. After calculating the results for all houses made of wood 
and all roof timbering in massive constructions for the period 1998 to 2008, it was extrapolat-
ed that between 1998 and 2008 about 3,000,000 m3 wood and 750,000 m3 of derived timber 
products were used as load-bearing elements. 
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This provides a further tool for improving data, especially historical data. In the medium term 
other construction forms and construction years could be included to make complete ex-
trapolations on the basis of the Federal Register of Buildings and Dwellings. These extrapo-
lations would provide an effective way of verifying the accuracy of international assumptions 
for modelling the historical HWP pools for Austria. 

Only the involvement of the woodworking industry fell short of expectations. While the will-
ingness of the industry to hand out data can be improved in the medium term, the impression 
was received that the available industrial data would not contribute to a significant improve-
ment in the data. As acceptance by the industry for charging of HWPs is nevertheless im-
portant and a long-term improvement in data availability is essential, an information event 
might be useful after an initial estimation of its effect. An event of this type is planned for 
2014 in cooperation with the Austrian Federal Environmental Agency. 

 
Fig. 7: Mean half-life (weighted by amount and utilisation) of wood products made in Austria 

 

Fig. 8: Use of wood and derived timber products, and the total approved single-family houses (SFH) 
and wood buildings in the period of 1998– 2008 
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5 StartClim2012.E: Snow line climatology in the Alpine region de-
rived from re-analysis data 

Snow plays an important role in the Alpine region. Besides manifold implications for ecosys-
tems (frost protection, water storage, snow damage, etc.) it has an enormous economic im-
pact. A key factor for snow accumulation is the elevation at which precipitation changes from 
snow to rain (snow line). If the snow line is very high because of the temperature, there is no 
possibility of snow accumulation in lowlands and low mountain ranges. During spring and 
autumn this can lead to an increased flood risk because of a reduced buffering effect of 
snow. 

The analysis of snow line elevation over the last three decades in Europe shows some sur-
prising results: 

 In Europe from 1979 to 2011, only in summer was there a continuous trend towards a 
higher snow line, as expected given the observed temperature increase for that peri-
od. 

 In all other seasons strong decadal variations can be seen, most pronounced in 
western, central and southern Europe, but no trend. 

 Decadal anomalies can shift the snow line up to 200 m in both directions (precipita-
tion mass weighted) from average conditions within the 30-year period. 

 Up to now the strongest decadal variations have been found in winter in the Balkan 
region and western France/Great Britain, but not in the Alpine region. 

 The unexpectedly low snow line in autumn in the last decade is a central European 
phenomenon extending from eastern France to the Baltic states and from the Alps to 
southern Sweden. 

The snow line in Europe during summer (Fig. 8) shows a clear latitude-dependent structure, 
with increasing elevations in the south (Fig. 8 top right). On the Iberian Peninsula and in Tur-
key, the elevation is 3600 m, and in northern Scandinavia the values reach 2000 m. In most 
parts of continental Europe the snow line increased steadily by 200 m between the 1980s 
and the 2000s. In the Alpine region this increase no doubt contributed to the massive glacier 
decline. Only some parts of the Iberian Peninsula and eastern France had lower snow lines 
in the 1990s. 

These results are derived from the physically consistent calculation of the snow line at pre-
cipitation, based on the meteorological fields of the ERA-INTERIM re-analysis model for the 
period 1979–2011. 
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Fig. 9: Average snow line elevation (arithmetic mean) in summer (JJA) for the period 1979–2011 
(top left), and the deviations from this average in the 1980s (top right), 1990s (bottom left) 
and 2000s (bottom right). All values are elevations in metres. 

Especially in winter a clear regional differentiation within the Alpine region (Fig. 9) can be 
seen. The Alpine region can be separated in four sub-regions: 

 continental 

 Atlantic/continental 

 Mediterranean/continental 

 maritime 

 
Fig. 10: Average snow line elevation (median) for winter (DJF) for the period 1979–2011 in the 

Alpine region (left) and sub-regions (right). Magenta = continental, blue = Atlan-
tic/continental, green = Mediterranean/continental and red = maritime 

The snow line has a distinct annual cycle in the Alpine region (Fig. 10). The magnitude is 
highest in the continental region and ranges from 500 m in February to 3100 m in July and 
August. In the maritime region the summer snow line also lies at 3100 m, with a minimum in 
February of 1300 m. In the two transition regions the winter minimum is 1000 m and the 
summer maximum 3000 m. The differences between the regions are greatest in winter, with 
400 to 500 m lower snow line in the continental region than in the transition regions and up to 
800 m lower in the maritime region. From this it can be estimated that the precipitation-
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producing air masses in the continental regions are approximately 5 degrees colder than in 
the maritime region and roughly 2 degrees colder than in the transition regions. 

In the summer months the differences between the regions vanish, and between May and 
August the snow line is even slightly higher in the continental region than in the Atlan-
tic/continental region. The main reason for this is the low temperature difference between the 
air masses in the Alpine region in summer. The high fraction of convective precipitation partly 
contributes to this. 

 

 
Fig. 11: Annual snow line cycle (1979–2011) averaged (mass weighted) for the four Alpine 

regions. In winter differences up to 900 m can be seen, with the lowest values in the 
continental region and highest in the maritime region. During summer the regional dif-
ferences do not exceed 200 m. 

One important insight of this study for winter tourism in Austria is the very high decadal vari-
ability in the winter snow line in Europe. Up to now the highest decadal variations have not 
occurred in the Alpine region but in the Balkans and Great Britain. These variations showed 
an increase of up to 150 m, which corresponds to an average temperature increase of 1°C. 
This natural variability increases the uncertainty in studies focusing on the snow reliability 
under climate change conditions. 
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6 StartClim2012. F: Values as performance indicators: towards 
proactive climate protection 

Discussion on climate protection, sustainability and the adaptation to climate change is no 
longer a question merely of objective scientific data and facts. It is recognised today that the 
way in which individuals confront climate change and the extent to which they implement the 
corresponding strategies or make resources available for adaptation strongly depend on the 
socio-cultural environment and on individual or collective values. 

Despite the fact that many people are very aware of environmental problems and the threats 
posed by climate change, this knowledge is not sufficient to motivate specific sustainable 
behaviour or observable reductions in greenhouse gas emissions. There is a conflict be-
tween social expectations, cultural conditioning and social values, which influences individu-
als’ actions. For instance, KASSER et al. (2007) show that certain values have a significant 
influence on carbon footprint. A survey conducted in the USA on reasons for supporting cli-
mate-policy measures demonstrated that the reasons given had much less influence than the 
values and the political beliefs of the polled individuals. 

In this project we investigated the importance and influence of individual values and those 
shared by members of a university (University of Natural Resources and Life Sciences, 
BOKU) on climate-relevant behaviour. Some values (e.g. universalism, self-determination, 
respect for nature) seemed to be a better source of motivation for environmental and climate-
friendly measures than others, and exposing people to these values appeared to promote 
climate-friendly behaviour. Since sustainability is also an ethical challenge, there is a specific 
need to address socio-cultural values as guidelines for individuals and institutions and their 
work. Great progress towards sustainability could be made if these social-cultural values 
were better known and more verifiable, tangible and manageable. 

Indicators are used by organisations to measure success or progress, thus contributing to 
target definition. In most cases, however, they focus on actual performance (e.g. number of 
publications) or survey non-sustainable figures (e.g. energy consumption or land use), and 
are therefore unsuitable for measuring climate protection or sustainability. There are few use-
ful value-based indicators for sustainability to operationalise intrinsic ethical principles that 
are shared, practised or desired by the members of an organisation. 

For this reason the important/meaningful values for BOKU members (employees and stu-
dents) were identified, and value-based indicators for measuring these values developed. 
The overriding aim was to foster the inclusion of value-based indicators at different levels in 
the organisational culture of BOKU in order to document the status quo and the change in 
practised ethical principles in the organisation. This could be the first step towards strength-
ening institutional values, leading to more climate-friendly and sustainable behaviour. This 
research project had the following goals: 

1. Identification of values important for BOKU members 

2. Identification of values promoting a reduction in the carbon footprint and motivating 
other environmental-friendly activities 

3. Development of indicators for measuring pro-sustainable values from step 2), and 

4. Initiating discussion on the usefulness/relevance of a value-based assessment of the 
university. 

A qualitative social research design was chosen, which involved 25 semi-structured inter-
views with BOKU employees and students. This was followed by a content and thematic 
analysis though categorisation, aggregation of individual values, comparison with literature 
and identification of associated meanings (goal 1 and 3). Through an online ranking 12 val-
ues were prioritised for validation in a participative workshop. In the workshop participants 
discussed results and created a common – i.e. inter-subjective – understanding of values, 
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their meanings and corresponding indicators. In the context of this research, “values” were 
understood by the group as constructed and desirable states, principles or qualities. 

A detailed comparison of literature with a subsequent correlation analysis of values and be-
haviour of the interviewees was carried out to identify the values motivating sustainability- 
and climate-friendly behaviour (goal 2). Finally, several discussion rounds with key players 
and relevant BOKU interest groups were held to talk about opportunities and obstacles and 
in particular the potential steps required for inclusion of the value-based indicators developed 
in strategic documents or rather established evaluation methods of the university (goal 4). 

 
Fig. 12: In the validation workshop in March 2013 the values and indicators previously surveyed were 

further modified, corrected and validated by small groups of 4-5 BOKU members. They dis-
cussed the significance of each value both in the plenary session and in the small groups. 
An inter-subjective (quasi-objective) understanding of values is a prerequisite for deriving 
(objectively) verifiable indicators. 

 

The main result were the eight BOKU pro-sustainability values (including correspond-
ing indicators) that: 

(i) were the most important BOKU values used for the joint development of a common, 
inter-subjective understanding 

(ii) had a positive influence on climate behaviour as identified in the literature. 

These eight values were: 

- assumption of responsibility for the environment and protection, preservation and re-
spect for nature for future generations 

- critical thinking 
- identification and pursuit of an individual path within and with BOKU 
- integral and systemic reflection 
- cooperation and teamwork 
- networking and (interdisciplinary) exchange of know-how and experience 
- friendly, cooperative working atmosphere and social interaction 
- spirit of research, science and development of solutions to existing problems in society 

and in practice 

Altogether there were 76 validated indicators for recording these values. 

This explorative and pioneering study shows that it is possible to survey shared values in 
organisations and to develop value-based indicators for the university context. In addition, it 
shows that people who have the above-mentioned values will tend to act in a more pro-
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sustainability and climate-friendly manner. In the context of climate protection and the adap-
tation to climate change it is of particular interest that most of the BOKU values have a pro-
social, open-to-change, holistic/integrative and ecologic-minded character. 

The BOKU sustainability report, BOKU sustainability strategy, BOKU Ethics Platform, BOKU 
development plan and the Working Group on Social Responsibility were identified as poten-
tial groups and areas of application for these value-based indicators. The response and in-
terest by the key players in these areas were very high. Steps are already being taken to 
further present these results within the organisation and organise follow-ups with major 
BOKU decision-makers. 



Final Report StartClim2012  

StartClim2012 page 27 

7 References 

StartClim2012.A 
Amon, B., Fröhlich, M., Amon, T. 2006. Österreichische Emissionsinventur, Bereich Land-

wirtschaft”. In: Klimaforschungsinitiative AustroClim: 9. Österreichischer Klimatag 2006 
„Forschung zu Klima, Klimawandel und Auswirkungen in Österreich“, 16. – 17. März 2006, 
Wien, P15 

Annicchiarico, P. 1997. Joint regression vs AMMI analysis of genotype-environment interac-
tions for cereals in Italy. Euphytica 94, 53-62. 

Aulakh, M.S., Doran, J.W., Walters, D.T., Power, J.F. 1991. Legume residue and soil water 
effects on denitrification in soils of different textures. Soil Biology and Biochemistry 23, 
1161-1167. 

Bavin, T.K., Griffis, T.J., Baker, J.M., Venterea, R.T. 2009. Impact of reduced tillage and 
cover cropping on the greenhouse gas budget of a maize/soybean rotation ecosystem. 
Agriculture, Ecosystems and Environment 134, 234-242. 

BMLFUW 2010. Policy Paper. Auf dem Weg zu einer nationalen Anpassungsstrategie. 2. 
Entwurf. 

BMLFUW. 2000. ÖPUL 2000. Sonderrichtlinie für das Österreichische Programm zur Förde-
rung einer umweltgerechten, extensiven und den natürlichen Lebensraum schützenden 
Landwirtschaft. Zl. 25.014/37-II/B8/00. 

Cepuder, P. 1999. Zur Nitratproblematik in Ostösterreich, dem Tullner Feld, dem Marchfeld 
und dem nördlichen Burgenland. 8. Gumpensteiner Lysimetertagung, Tagungsband, 1-4. 

Dabney, S.M. 1998. Cover crop impacts on watershed hydrology. J. Soil Water Conserv. 
53:207-213. 

Dersch G, Duboc, O. 2011. Entwicklung der Humusversorgung der Ackerböden. 
http://www.ages.at/ages/landwirtschaftliche-sachgebiete/boden/aktuelles/entwicklung-der-
humusversorgung-der-ackerboeden/ 

Easterling, D.R., Meehl, G.A., Parmesan, C., Changon, S.A., Karl, T,R,, Mearns, L.O. 2000. 
Climate Extremes: Observations, Modeling, and Impacts. Science 289, 2068-2074. 

Fahey, J.W., Zalcmann, A.T., Talalay, P. 2001. The chemical diversity and distribution of 
glucosinolates and isothiocyanates among plants. Phytochemistry 56, 5-51.  

Feichtinger, F., Scheidl, A., Dorner, J. 2005., ÖPUL 2000 - Evaluierung der wasserwirtschaft-
lichen Relevanz (Effizienz) einer Begrünung von Ackerflächen im Herbst und Winter.– 
Bericht, Institut für Kulturtechnik und Bodenwasserhaushalt, Petzenkirchen. 

Gomes, J., Bayer, C., de Souza Costa, F., de Cássia Piccolo, M., Zanatta, J.A., Vieira, 
F.C.B., Six, J. 2009. Soil nitrous oxide emissions in long-term cover crops-based rotations 
under subtropical climate. Soil and Tillage Research 106, 36-44. 

Gonzales-Lanteri, D., A. Huete, and H. Kim. 2004. Estimation of the fraction of canopy cover 
from multispectral data to be used in a water soil erosion prediction model. Gayana (Con-
cepc.), 68:239-245. 

Grüner Bericht 2011. www.guenerbericht.at. 

Hartl, W., 2010. Verluste der oberirdischen Biomasse von abfrostenden Begrünungspflanzen 
durch Ausgasung vor der Einarbeitung in den Boden. Evaluierungssprojekt BMLFUW-
LE.1.3.7/0013-II/5/2009, Endbericht. 

Hartwig, N.L., and H.U. Ammon. 2002. Cover crops and living mulches. Weed Sci. 50:688–
699. 



Final Report StartClim2012 

StartClim2012 page 28 

Hungate, B.A., Dukes, J.S., Shaw, M.R., Luo, Y., Field, C.B. 2003. Nitrogen and Climate 
Change. Science 302, 1512-1513. 

IPCC. 2007. Climate Change 2007: Mitigation. Contribution of Working Group III to the 
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Chapter 8: 
Agriculture. Cambridge University Press, Cambridge, United Kingdom and New York, NY, 
USA.  

Jarecki, M.K., Parkin, T.B., Chan, A.S.K., Kaspar, T.C., Moorman, T.B., Singer, J.W., Kerr, 
B.J., Hatfield, J.L., Jones, R. 2009. Cover crop effects on nitrous oxide emission from a 
manure-treated Mollisol. Agriculture, Ecosystems and Environment 134, 29-35. 

Joyce, B.A., W.W. Wallender, J.P. Mitchell, L.M. Huyck, S.R. Temple, P.N. Brostrom, and 
T.C. Hsiao. 2002. Infiltration and soil water storage under winter cover cropping in Califor-
nia’s Sacramento Valley. Trans. ASAE 45:315-326. 

Kabir, Z., and R.T. Koide. 2002. Effect of autumn and winter mycorrhizal cover crops on soil 
properties, nutrient uptake and yield of sweet corn in Pennsylvania, USA. Plant Soil 
238:205-215. 

Kallenbach, C.M. , Rolston, D.E., Horwath, W.R. 2010. Cover cropping affects soil N2O and 
CO2 emissions differently depending on type of irrigation. Agriculture, Ecosystems and 
Environment 137, 251-260. 

Klik, A., Eitzinger, J. 2010. Impact of climate change on soil erosion and the efficiency of soil 
conservation practices in Austria. Jourrnal of Agricultural Sciences 148(5), 529-541. 

Liebhard, P., Bodner, G. 2005. Expertise zur Wirksamwerdung der Begrünung von Ackerflä-
chen im Herbst und Winter im Rahmen der ÖPUL-Förderung 2000 auf Nitratverlagerung 
und Grundwasserqualität unter unterschiedlichen hydrologischen, bodenkundlichen und 
pflanzenbaulichen Rahmenbedingungen in Österreich. Expertise im Auftrag des BML-
FUW. 

Liebig, M.A., Tanaka, D.L., Gross, J.R. 2010. Fallow effects on soil carbon and greenhouse 
gas flux in Central North Dakota. Soil Science Society of America Journal 74, 358-365. 

Liu, A., B.L. Ma, and A.A. Bomke. 2005. Effects of cover crops on soil aggregate stability, 
total organic carbon, and polysaccharides. Soil Sci. Soc. Am. J. 69:2041-2048. 

Logsdon, S.D., T.C. Kaspar, D.W. Meek, and J.H. Prueger. 2002. Nitrate leaching as influ-
enced by cover crops in large soil monoliths, Agron. J. 94:807-814. 

Lütke-Entrup, N. 2000. Feldfutterbau und Ackerbegrünung. In: Lütke-Entrup, N. & 
Oehmichen, J.(Hg.): Lehrbuch des Pflanzenbaues. Band 2: Kulturpflanzen. Gelsenkir-
chen-Buer: Verlag Th. Mann, S. 577 - 581, 620 – 654. 

McSwiney, C.P., Snapp, S.S., Gentry, L.E. 2010. Use of N immobilization to tighten the N 
cycle in conventional agroecosystems. Ecological Applications 20, 648-662. 

Meyer, L. D., S., S.M. Dabney, C.E. Murphree, W.C. Harmon, and E.H. Grissinger. 1999. 
Crop production systems to control erosion and reduce runoff from upland silty soils. T. 
ASAE. 42:1645-1652. 

Mosier, A.R., Kroeze, C., Nevison, C., Oenema, O., Seitzinger, S. and van Cleemput, O. 
1998. Closing the global N2O budget: nitrous oxide emissions through the agricultural ni-
trogen cycle. OECD/IPCC/IEA phase II development of IPCC guidelines for national 
greenhouse gas inventory methodology. Nutrient Cycling in Agroecosystems, 52, 225-
248. 

Olesen, J.E., Bindi, M. 2002. Consequences of climate change for European agricultural 
productivity, land use and policy. Eur J.Agron. 16, 239-262. 

ÖNORM 2012. ÖNORM L 1091: Chemische Bodenuntersuchungen - Bestimmung von mine-
ralischem Stickstoff durch Extraktion mit Calciumchloridlösung - Nmin-Methode. 



Final Report StartClim2012  

StartClim2012 page 29 

Parkin, T.B. 1987. Soil Microsites as a Source of Denitrification Variability. Soil Sci. Soc. Am. 
J. 51, 1194–1199. 

Parkin, T.B., Kaspar, T.C., Singer, J.W. 2006. Cover crop effects on the fate of N following 
soil application of swine manure. Plant and Soil 289, 141-152. 

Pattey, E., Blackburn, L.G., Strachan, I.B., Desjardins, R., Dow, D. 2008. Spring thaw and 
growing season N2O emissions from a field planted with edible peas and a cover crop. 
Canadian Journal of Soil Science 88, 241-249. 

Petersen, S.O. , Mutegi, J.K., Hansen, E.M., Munkholm, L.J. 2011. Tillage effects on N2O 
emissions as influenced by a winter cover crop. Soil Biology and Biochemistry 43, 1509-
1517. 

Piepho, H.P., A. Büchse, and C. Richter. 2004. A mixed modelling approach for randomized 
experiments with repeated measures. J. Agron. Crop Sci. 190:230-247. 

Quinton, J.N., G.M. Edwards, and R.P.C. Morgan. 1997. The influence of vegetation species 
and plant properties on runoff and soil erosion: results from a rainfall simulation study in 
south east Spain. Soil Use Manage. 13:143-148. 

Rochette, P., Gregorich, EG., Desjardins, RL. 1992. Comparison of static and dynamic 
closed chambers for measurement of soil respiration under field conditions. Canadian 
Journal of Soil Sciences, 72, 605-609. 

Rosecrance, R.C., Mccarty, G.W., Shelton, D.R., Teasdale, J.R. 2000. Denitrification and N 
mineralization from hairy vetch (Vicia villosa Roth) and rye (Secale cereale L.) cover crop 
monocultures and bicultures. Plant and Soil 227, 283-290. 

Schmidt, M.W.I., et al., 2011. Persistence of soil organic matter as an ecosystem property. 
Nature 478, 49–56. 

Shepherd, M.A., and J. Webb. 1999. Effects of overwinter cover on nitrate loss and drainage 
from a sandy soil: consequences for water management? Soil Use Manage. 15:109-116. 

Smith, P. et al., 2008. Greenhouse gas mitigation in agriculture. Phil. Trans. R. Soc. B. 363 
no. 1492, 789-813. 

Steenwerth, K. , Belina, K.M. 2008. Cover crops and cultivation: Impacts on soil N dynamics 
and microbiological function in a Mediterranean vineyard agroecosystem. Applied Soil 
Ecology 40, 370-380. 

Strauss, P. 2006. ÖPUL-Maßnahmen in ihren erosionsvermindernden Auswirkungen. Um-
weltprogramme für die Landwirtschaft und deren Auswirkungen auf die Grundwasserqua-
lität, Gumpenstein, 7.-8.3.2006, Tagungsband, 65-68. 

van Dam, A. 2006. Understanding the reduction of nitrogen leaching by catch crops. Pub-
lished PhD Thesis, Wageningen University, Wageningen, 171 pp. 

Velthof, G.L. , Kuikman, P.J., Oenema, O. 2002. Nitrous oxide emission from soils amended 
with crop residues. Nutrient Cycling in Agroecosystems 62, 249-261. 

Wagner-Riddle, C., Thurtell, G.W. 1998. Nitrous oxide emissions from agricultural fields dur-
ing winter and spring thaw as affected by management practices. Nutrient Cycling in 
Agroecosystems 52, 151-163. 

Wyland, L.J., L.E. Jackson, W.E. Chaney, K. Klonsky, S.T. Koike, and B. Kimple. 1996. Win-
ter cover crops in a vegetable cropping system: Impacts on nitrate leaching, soil water, 
crop yield, pests and management costs. Agr. Ecosyst. Environ. 59:1-17. 

 



Final Report StartClim2012 

StartClim2012 page 30 

StartClim2012.B 
Amt der OÖLReg (2013): Bodenfunktionskarte. 

http://www.doris.at/viewer/%28S%28nbiwzs55orqtqe45emggpq45%29%29/init.aspx?ks=a
lk&karte=bodenfunktionen 

Amt der OÖLReg (2010): Das Schuzgut Boden im DORIS. Lesehilfe zur Bodenfunktionsbe-
wertung. Linz, 26. S. 

BVB (= BUNDESVERBAND BODEN e.V.) (Hrsg.) (2005): Biologische Charakterisierung von 
Böden – Ansatz zur Bewertung von Bodenorganismen im Rahmen von Planungsprozes-
sen. – BVB-Materialien Band 13, 78 S., Berlin. BadenWÜ 

GLA (= BAYERISCHES GEOLOGISCHES LANDESAMT & BAYERISCHES LANDESAMT 
FÜR UMWELTSCHUTZ) (Hrsg.) (2003): Das Schutzgut Boden in der Planung. Bewertung 
natürlicher Bodenfunktionen und Umsetzung in Planungs- und Genehmigungsverfahren. – 
Augsburg. 
(http://www.lfu.bayern.de/natur/landschaftsplanung/ablauf_inhalte_verfahren/doc/ schutz-
gut_boden_in_der_planung.pdf, 20.07.2012) 

Baumgarten et al. (2013, in Druck): Bodenfunktionsbewertung: Grundlagen und Erläuterun-
gen zur ÖNORM L 1076. 

Birngruber H. et al. (2011): CLISP – Climate Change Adaptation by Spatial Planning in the 
Alpine Space. Model Region Report – Upper Austria. Project Report - ETC „Alpine Space“ 
programme 2007-2013, 254 p.. 

BMLFUW (=Bundesministerium für Land- und Forstwirtschaft,Umwelt und Wasserwirtschaft, 
Hrsg.), 2013. Bodenfunktionsbewertung: Methodische Umsetzung der ÖNORM L 1076. 
Wien. 

Borenstein, M., Hedges Larry, Higgins J., Rothstein H. (o.J.): Manual to: Comprehensive 
Meta Analysis Version 2.0., 104 S. 

Dessert, C., Dupré, B., Gaillardet, J., Francois, L.M., Allègre, C.J., 2003. Basalt weathering 
laws and the impact of basalt weathering on the global carbon cycle. Chemical Geology 
202 (2003) 208– 215. 

Hédl R. , Petřík P., Boublík, K. 2011: Long-term patterns in soil acidification due to pollution 
in forests of the Eastern Sudetes Mountains, Environmental Pollution, Volume 159, Issue 
10, Pages 2586-2593 

DVWK 1987: (=DVWK –Merkblätter für die Wasserwirtschaft 212/1988, Blume H. P., Müller 
W., Borchert H., Fleige H., Horn R. und H. Wolkewitz: Filtereigenschaften des Bodens ge-
genüber Schadstoffen. Teil 1: Beurteilung der Fähigkeit von Böden, zugeführte Schweme-
talle zu immobiliseren. 

EC - European Commission (2006b). Proposal for a Directive of the European Parliament 
and of the Council establishing a framework for the soil protection of soil and amending 
Directive 2004/35/EC. COM (2006) 232 S. 

Englisch M., Weiss P., Hacker R. & Mutsch F. 2001: Bodeninformation und das Kyoto-
Protokoll: Der Waldboden als Kohlenstoffsenke – Hypothesen und Möglichkeiten der kon-
kreten Messung. Mitt. DBG, Heft 96/II, 493-494. 

European Commission (2006a). Communication from the Commission to the Council, the 
European Parliament, the European Economic and Social Committee and the Committee 
of the regions: Towards a Thematic Strategy for Soil Protection. COM (2006)231. 

Knoll et al. (2010): Pilotprojekt Bodenbewertung Oberösterreich, Amt der OÖ LReg., 83 S. 

Knoll et al. (2011): Bodenschutz bei Planungsvorhaben im Land Salzburg, Mitt. ÖBG (78), 
51-88. 



Final Report StartClim2012  

StartClim2012 page 31 

Kölling C.: 2010: Klimawandel – eine Herausforderung für Forstwirtschaft und Forstwissen-
schaft. AFZ - Der Wald. 13. 14-17 S.  

Kopittke G.R., Tietema, A. Verstraten J.M. 2012: Soil acidification occurs under ambient 
conditions but is retarded by repeated drought: Results of a field-scale climate manipula-
tion experiment, Science of The Total Environment, Volume 439, 15-23. 

LABO (2006): Endbericht zum Orientierungsrahmen zur zusammenfassenden Bewertung 
von Bodenfunktionen. LABO-Projekt 3.05.  

Landeshauptstadt München (Hrsg.) (2006): Bodenbewertung in der räumlichen Planung. Ein 
Beitrag zur nachhaltigen Raumentwicklung. Ergebnisse des EU-Interreg IIIB Alpenraum 
Projekts TUSEC-IP. 47 Seiten, München. 

Landeshauptstadt Stuttgart (Hrsg.) (2012): Böden in der Stadt. URBAN SMS – Bodenma-
nagement für eine nachhaltige Stadtentwicklung. 28 Seiten, Stuttgart. 

MFU (= MINISTERIUM FÜR UMWELT BADEN-WÜRTTEMBERG) (Hrsg.) (1995): Bewer-
tung der Böden nach ihrer Leistungsfähigkeit. Leitfaden für Planungen und Gestattungs-
verfahren. – Luft – Boden – Abfall, Heft 31, 57 S., Stuttgart.  

Reinds, G. J.; Posch, M; Leemans, Rik 2009: Modelling recovery from soil acidification in 
European forests under climate change, science of the total environment, Volume: 
407(21) p.5663-5673. 

 

StartClim2012.C 
Allison SD, Wallenstein MD, Bradford MA. 2010. Soil-carbon response to warming 

dependent on microbial physiology. Nature Geoscience, 3: 336-340. 

Attiwill PM, Adams MA. 1993. Nutrient cycling in forests. New Phytologist, 124: 561-582. 

Baritz R, Seufert G, Montanarella L, Van Ranst E. 2010. Carbon concentrations and stocks 
in forest soils of Europe. Forest Ecology and Management, 260: 262-277. 

Bormann B, Spaltenstein H, McClellan M, Ugolini F, Cromack Jr K, Nay S. 1995. Rapid soil 
development after windthrow disturbance in pristine forests. Journal of Ecology: 747-757. 

Christophel D, Spengler S, Schmidt B, Ewald J, Prietzel J. 2013. Customary selective 
harvesting has considerably decreased organic carbon and nitrogen stocks in forest soils 
of the Bavarian Limestone Alps. Forest Ecology and Management, 305: 167-176. 

Clemmensen KE,. Bahr A, Ovaskainen O,. Dahlberg A, Ekblad A, Wallander H, Stenlid J, 
Finlay RD, Wardle DA, Lindahl B D, 2013. Roots and Associated Fungi Drive Long-Term 
Carbon Sequestration in Boreal Forest. Science 339:1615-1618. 

Covington WW. 1981. Changes in forest floor organic matter and nutrient content following 
clear cutting in northern hardwoods. Ecology, 62 (1): 41-48. 

Cowden CC, Peterson CJ. 2013. Annual and seasonal dynamics of ectomycorrhizal fungi 
colonizing white pine (Pinus strobus) seedlings following catastrophic windthrow in 
northern Georgia, USA. Canadian Journal of Forest Research, 43: 215-223. 

Cronan CS, Lakshman S, Patterson HH. 1992. Effects of disturbance and soil amendments 
on dissolved organic carbon and organic acidity in red pine forest floors. Journal of 
Environmental Quality, 21: 457-463. 

Dale VH, Joyce LA, McNulty S, Neilson RP, Ayres MP, Flannigan MD, Hanson PJ, Irland LC, 
Lugo AE, Peterson CJ. 2001. Climate change and forest disturbances: Climate change 
can affect forests by altering the frequency, intensity, duration, and timing of fire, drought, 
introduced species, insect and pathogen outbreaks, hurricanes, windstorms, ice storms, 
or landslides. Bioscience, 51: 723-734. 



Final Report StartClim2012 

StartClim2012 page 32 

Darabant A, Katzensteiner K, Gratzer G, Dorji S. 2009. Pilotstudie: Resilienz von 
Schutzwäldern in den Nördlichen Kalkalpen. Forschungsbericht. Vienna, Austria, ÖBF, 
Ämter d. Stmk., Tiroler und Salzburger Landesregierungen, Gemeinde Wien. 

Don A, Bärwolff M, Kalbitz K, Andruschkewitsch R, Jungkunst HF, Schulze E-D. 2012. No 
rapid soil carbon loss after a windthrow event in the High Tatra. Forest Ecology and 
Management, 276: 239-246. 

Egli S, Peter M, Falcato S. 2002. Dynamics of ectomycorrhizal fungi after windthrow. Forest, 
Snow and Landscape Research, 77: 81-88. 

Ekblad A, Wallander H, Godbold DL, Cruz C, Johnson D, Baldrian P, Björk RG, 

Epron D, Kieliszewska-Rokicka B, Kjöller R, Kraigher H, Matzner E, Neumann J, Plassard C 
2013. The production and turnover of extramatrical mycelium of ectomycorrhizal fungi in 
forest soils: role in carbon cycling. Marchner Review Plant and Soil 366:1–27 

Fahey TJ, Hughes JW, Pu M, Arthur MA. 1988. Root decomposition and nutrient flux 
following whole-tree harvest of northern hardwood forest. Forest Science, 34: 744-768. 

Frostegård Å, Tunlid A, Bååth E. 1991. Microbial biomass measured as total lipid phosphate 
in soils of different organic content. Journal of Microbiological Methods, 14: 239-245. 

Frostegård Å, Tunlid A, Bååth E. 1993. Phospholipid fatty acid composition, biomass and 
activity of microbial communities from two soil types experimentally exposed to different 
heavy metals. Applied and Environmental Microbiology, 28: 55-63. 

Gadgil RL, Gadgil PD. 1971. Mycorrhiza and litter decomposition. Nature, 233: 133. 

Gadgil RL, Gadgil PD. 1975. Supression of litter decomposition by mycorrhizal roots of Pinus 
radiata. New Zealand Journal of Forestry Science, 5: 33-41. 

Gardiner B, Blennow K, Carnus JM, Fleischer P, Ingemarson F, Landmann G, Lindner M, 
Marzano M, Nicoll B, Orazio C. 2010. Destructive storms in European forests: past and 
forthcoming impacts, Joensuu, Finnland, European Forest Institute. 

Godbold DL , Hoosbeek MR, Lukac M, Cotrufo MF, Janssens IA, Ceulemans R, Polle A, 
Velthorst EJ, Scarascia-Mugnozza G, De Angelis P, Miglietta F, Peressotti A. 2006. My-
corrhizal hyphal turnover as a dominant process for carbon input to soil organic matter. 
Plant Soil 281: 15-24 

Gömöryová E, Střelcová K, Fleischer P, Gömöry D. 2011. Soil microbial characteristics at the 
monitoring plots on windthrow areas of the Tatra National Park (Slovakia): their 
assessment as environmental indicators. Environmental Monitoring and Assessment, 174: 
31-45. 

Gömöryová E, Střelcová K, Škvarenina J, Bebej J, Gömöry D. 2008. The impact of 
windthrow and fire disturbances on selected soil properties in the Tatra National Park. Soil 
& Water Research, 3: S74-S80. 

Grigal DF, Vance ED. 2000. Influence of soil organic matter on forest productivity. 
Conventional systems for bioenergy. IEA Bioenergy Task 18 workshop, Charleston, South 
Carolina, USA, 19-25 September 1999., New Zealand Forest Research Institute. 

Heinsdorf D, Kraus HH, Tolle H. 1986. Entwicklung der C- und N-Vorräte nach Kahlschlag 
auf armen anhydromorphen Sandböden unter Kiefer. Beiträge für die Forstwirtschaft, 20: 
8-13. 

Hofherr T, Kunz M. 2010. Extreme wind climatology of winter storms in Germany. Climate 
research, 41: 105. 

Hollhaus AR. 2012. Evaluation of methods estimating soil loss after coarse-scale disturbance 
on a montane mixed forest site in the Northern Limestone Alps, Master, University of 
Natural Resources and Life Sciences, Vienna, Vienna, Austria. 



Final Report StartClim2012  

StartClim2012 page 33 

Janssens IA, Pilegaard K. 2003. Large seasonal changes in Q10 of soil respiration in a 
beech forest. Global Change Biology, 9: 911-918. 

Jones D, Willett V. 2006. Experimental evaluation of methods to quantify dissolved organic 
nitrogen (DON) and dissolved organic carbon (DOC) in soil. Soil Biology and 
Biochemistry, 38: 991-999. 

Kirschbaum MUF. 1995. The temperature-dependence of soil organic-matter decomposition, 
and the effect of global warming on soil organic-C storage. Soil Biology & Biochemistry, 
27: 753-760. 

Klaus M, Holsten A, Hostert P, Kropp JP. 2011. Integrated methodology to assess windthrow 
impacts on forest stands under climate change. Forest Ecology and Management, 261: 
1799-1810. 

Knohl A, Kolle O, Minayeva TY, Milyukova IM, Vygodskaya NN, Foken T, Schulze E-D. 
2002. Carbon dioxide exchange of a Russian boreal forest after disturbance by wind 
throw. Global Change Biology, 8: 231-246. 

Koeck R, Mrkvicka A, Weidinger H. 2001. Bericht zur Forstlichen Standortskartierung im 
Revier Rax [In German], Vienna, Austria, Forstverwaltung Nasswald der 
Quellenschutzwälder der Stadt Wien, Forstamt und Landwirtschaftsbetriebe der Stadt 
Wien. 

Koide RT, Wu T. 2003. Ectomycorrhizas and retarded decomposition in a Pinus resinosa 
plantation. New Phytologist, 158: 401-407. 

Kramer MG, Sollins P, Sletten RS. 2004. Soil carbon dynamics across a windthrow 
disturbance sequence in southeast Alaska. Ecology, 85: 2230-2244. 

Laessig R, Egli S, Odermatt O, Schoenenberger W, Stoeckli B, Wohlgemuth T. 1995. 
Beginning of reforestation of windthrow areas [In German]. Schweizerische Zeitschrift für 
Forstwesen, 146: 893-911. 

Lindner M, Maroschek M, Netherer S, Kremer A, Barbati A, Garcia-Gonzalo J, Seidl R, 
Delzon S, Corona P, Kolström M, Lexer MJ, Marchetti M. 2010. Climate change impacts, 
adaptive capacity, and vulnerability of European forest ecosystems. Forest Ecology and 
Management, 259: 698-709. 

Lindroth A, Lagergren F, Grelle A, Klemedtsson L, Langvall OLA, Weslien PER, Tuulik J. 
2009. Storms can cause Europe-wide reduction in forest carbon sink. Global Change 
Biology, 15: 346-355. 

Lüscher P. 2002. Humus dynamics and changes in rooting patterns in windthrow areas. 
Forest Snow and Landscape Research, 77: 2. 

Mattson KG, Swank WT. 1989. Soil and detrital carbon dynamics following forest cutting in 
the southern Appalachians. Biology and Fertility of Soils, 7: 247-253. 

Millikin CS, Bowden RD. 1996. Soil respiration in pits and mounds following an experimental 
forest blowdown. Soil Science Society of America Journal, 60: 1951-1953. 

Nave LE, Vance ED, Swanston CW, Curtis PS. 2010. Harvest impacts on soil carbon storage 
in temperate forests. Forest Ecology and Management, 259: 857-866. 

Neff JC, Asner GP. 2001. Dissolved Organic Carbon in Terrestrial Ecosystems: Synthesis 
and a Model. Ecosystems, 4: 29-48. 

Nylund J-E, Wallander H. 1992. Ergosterol analysis as a means of quantifying mycorrhizal 
biomass. In: Norris JR, Read DJ, Varma AK eds. Methods in microbiology. London, 
Academic Press. 

Olsson PA. 1998. The external mycorrhizal mycelium, Lund university, Lund. 



Final Report StartClim2012 

StartClim2012 page 34 

Olsson PA. 1999. Signature fatty acids provide tools for determination of the distribution and 
interactions of mycorrhizal fungi in soil. FEMS Microbiology Ecology, 29: 303-310. 

Pan Y, Birdsey RA, Fang J, Houghton R, Kauppi PE, Kurz WA, Phillips OL, Shvidenko A, 
Lewis SL, Canadell JG, Ciais P, Jackson RB, Pacala SW, McGuire AD, Piao S, 
Rautiainen A, Sitch S, Hayes D. 2011. A large and persistent carbon sink in the world’s 
forests. Science, 333: 988-993. 

Peltola H, Ikonen V-P, Gregow H, Strandman H, Kilpeläinen A, Venäläinen A, Kellomäki S. 
2010. Impacts of climate change on timber production and regional risks of wind-induced 
damage to forests in Finland. Forest Ecology and Management, 260: 833-845. 

Polomski J, Kuhn N. 2001. Wurzelhabitus und Standfestigkeit der Waldbäume. 
Forstwissenschaftliches Centralblatt vereinigt mit Tharandter forstliches Jahrbuch, 120: 
303-317. 

Rousk J, Brookes PC, Baath E 2011. Fungal and bacterial growth responses toNfertiliza-
tionand pH in the150-year ‘Park Grass’UK grassland experiment. FEMS Microbiol Ecology 
76: 89–99. 

Rusch S, Hagedorn F, Zimmermann S, Lüscher P. 2009. Bodenkohlenstoff nach Windwurf - 
eine CO2-Quelle? , Zurich, Switzerland, Swiss Federal Institute for Forest Snow and 
Landscape Research (WSL) and Swiss Federal Office for the Environment. 

Schelhaas M-J, Nabuurs G-J, Schuck A. 2003. Natural disturbances in the European forests 
in the 19th and 20th centuries. Global Change Biology, 9: 1620-1633. 

Ulanova NG. 2000. The effects of windthrow on forests at different spatial scales: a review. 
Forest Ecology and Management, 135: 155-167. 

Ulbrich U, Leckebusch GC, Pinto JG. 2009. Extra-tropical cyclones in the present and future 
climate: a review. Theoretical and Applied Climatology, 96: 117-131. 

Usbeck T, Wohlgemuth T, Dobbertin M, Pfister C, Bürgi A, Rebetez M. 2010. Increasing 
storm damage to forests in Switzerland from 1858 to 2007. Plant Journal, 150: 47-55. 

van Hees PAW, Jones DL, Finlay R, Godbold DL, Lundström US. 2005.The carbon we do 
not see: The impact of low molecular weight compounds on carbon dynamics and respira-
tion in forest soils - A review Soil Biol. Biochem. 37: 1-13. 

Van Miegroet H, Olsson M. 2011. Ecosystem disturbance and soil organic carbon—a review. 
In: Jandl R, Rodeghiero M, Olsson M eds. Soil carbon in sensitive European ecosystems: 
From science to land management. 1 ed. Chichester, UK, Wiley. 

Wallander H, Göransson H, Rosengren U. 2004. Production, standing biomass and ∂15N/ 
∂13C abundance of ectomycorrhizal mycelia at different soil depths in spruce forests and 
mixed (spruce-oak) forests in southern Sweden. Oecologia (Berlin), 139: 89-97. 

Wallander, H., Johanssson, U., E, S., Brandström, D.M., Lindahl, B.D., 2010. Production of 
ectomycorrhizal mycelium peaks during canopy closure in Norway spruce forests. New 
Phytologist 187, 1124-1134.  

Wang X, Cammeraat E, Romeijn P, Kalbitz K. 2013. Soil redistribution and dynamics of 
organic carbon. EGU General Assembly Conference Abstracts. Vienna, Austria. 

Wernli H, Bader S, Hächler P. 2003. Winterstürme. In: Hohmann R ed. Extremereignisse und 
Klimaänderungen. Bern, Switzerland, Organe consultatif sur les changements climatiques 
(OcCC). 

Wilson GW, Rice CW, Rillig MC, Springer A, Hartnett DC. 2009. Soil aggregation and carbon 
sequestration are tightly correlated with the abundance of arbuscular mycorrhizal fungi: 
results from long‐term field experiments. Ecology Letters, 12: 452-461. 



Final Report StartClim2012  

StartClim2012 page 35 

Wright CJ, Coleman DC. 2002. Responses of soil microbial biomass, nematode trophic 
groups, N-mineralization, and litter decomposition to disturbance events in the southern 
Appalachians. Soil Biology and Biochemistry, 34: 13-25. 

ZAMG. 2012. Klimadaten der Stationen 'Feuerkogel' und 'Bad Ischl', Vienna, Austria, 
Zentralanstalt für Meteorologie and Geodynamik. 

Zanella A, Jabiol B, Ponge JF, Sartori G, De Waal R, Van Delft B, Graefe UN, Cools N, 
Katzensteiner K, Hager H, Englisch M, Brethes A, Broll G, Gobat JM, Brun JJ, Milbert G, 
Kolb E, Wolf U, Frizzera L, Galvan P, Kolli R, Baritz R, Kemmers R, Vacca A, Serra G, 
Banas D, Garlato A, Chersich S, Klimo E, Langohr R. 2011. European humus forms 
reference base. hal-005496, version 2, URL: http://hal.archives-ouvertes.fr/hal-00541496 
[Accessed 26.08.2013]. 

 

StartClim2012.D 
Allinger-Csolich, W.; Hackl, J.; Heckl, F.; Hochbichler, E.; Schwarzbauer, P. und Schwarzl, 

B., 2000. Papierrecycling – Wald. Papierrecycling – Forstwirtschaft – Wald: Darstellung 
möglicher Zusammenhänge; im Besonderen Kapitel 3: Beschaffungs- und Absatzmärkte 
der Zellstoff-, Holzstoff- Papier- und Pappeerzeugenden Industrie. UBA Monographien M-
131, Vienna 

Baur, 2003. Study: The possible contribution of the Austrian Forest Sector to climate change 
policies and implications of the Kyoto-Protocol, Wood K plus, Vienna, 111 

Bilitewski B. und Mantau U., 2005. Stoffstrom-Modell-Holz – Bestimmung des Aufkommens, 
der Verwendung und des Verbleibs von Holzprdukten. Celle: Forschungsbericht für den 
Verband Deutscher Papierfabriken e.V. (VDP) 

Bliem, P., Gass, G., Matz, P., Morawetz, J., Nothdurfter, M. und Salzger, E., 2013. Holzflüs-
se – Holzverwendung: Einsatz von Holz in Produkten, Seminararbeit an der Universität für 
Bodenkultur Wien, 39 

BUNDESAMT FÜR ENERGIE – BFE und BUNDESAMT FÜR UMWELT – BAFU, 2010. Holz 
als Rohstoff und Energieträger – Dynamisches Holzmarktmodell und Zukunftsszenarien – 
Schlussbericht. Bern: Selbstverlag. 

BUNDESAMT FÜR STATISTIK – BFS, 1998). Studie über die zweite Holzverarbeitungsstufe 
in der Schweiz 1995. Bern: Selbstverlag. 

BUNDESAMT FÜR UMWELT, WALD UND LANDSCHAFT – BUWAL, 1998. Endverbrauch 
des Holzes in der Schweiz 1996. Bern: Selbstverlag. 

Dewhurst, J.H. [Hrsg.], 1991. Regional input-output modeling- new developments and inter-
pretations. Aldershot, Avebury, 272 S., ISBN 1-85628-119-1 

Eggers, T., 2002. The Impacts of Manufacturing and Utilization of Wood Products on the 
European Carbon Budget, EFI, Internal Report 9, 90 

Fleissner, P., 1993. Input-Output-Analyse - eine Einführung in Theorie und Anwendungen, 
Wien: Springer, IX, 375 S., ISBN 0-387-82435-9 

Han, F.X.; Lindner, J.S. und Wang, C., 2007. Making carbon sequestration a paying proposi-
tion, Naturwissenschaften 94:170-182 

Lang, B. und Nemestothy, K., 2012. Holzströme in Österreich 2010. klima:aktiv energieholz / 
Österreichische Energieagentur - Austrian Energy Agency, FHP Kooperationsplattform 
Forst Holz Papier, 2 

Lechner, D.: mündliche Mitteilung vom 22. April 2013. 

Nemestothy, K., 2011. Holzströme in Österreich 2009 – Stand Juli 2011. In: Biomassever-
band (2011): Basisdaten 2011 – Bioenergie. 



Final Report StartClim2012 

StartClim2012 page 36 

Pingoud, K.; Perälä, A.-L.; Soimakallio, S. und Pussinen, A., 2003. Greenhouse gas impacts 
of harvested wood products. Evaluation and development of methods. VTT Research 
Notes 2189, 138 

Schwarzbauer, P. und Rametsteiner, E., 2001. The Impact of SFM-Certification on Forest 
Product Markets in Western Europe – an Analysis Using a Forest Sector Simulation Mod-
el. Forest Policy and Economics 2 pp. 241-256 

Schwarzbauer, P. und Stern, T., 2010. Energy vs. Material: Uses of Wood Biomass - Eco-
nomic Impacts of Alternative Scenarios for the Forest-based Sector in Austria. Forest Po-
licy and Economics 1, pp. 31-38 

Schwarzbauer, P., 1989. Modellstudie über die Folgen eines EG-Beitritts für die österreichi-
schen Holzmärkte. Internationaler Holzmarkt Nr. 22, S. 7-10 und Nr. 23, pp. 13-15 

Schwarzbauer, P., 1993. Der österreichische Holzmarkt im Modell. EG - Waldsterben - Zell-
stoffmarkt. Schriftenreihe des Instituts für forstliche Betriebswirtschaft und Forstwirt-
schaftspolitik, Bd. 17, Universität für Bodenkultur, Vienna. 

Schwarzbauer, P.; Stern, T. und Koch, S., 2011. Assessment of Wood Supply and Demand 
in Austria until 2020. Lebensministerium, 17 

Schwarzbauer, P.; Weinfurter, S.; Stern, T. und Koch, S., 2013. Economic crises: Impacts on 
the forest-based sector and wood-based energy use in Austria. FOREST POLICY ECON. 
2013; 27: 13-22 

Statistik Austria, 2013a. Gebäude- und Wohnungsregister, 
http://www.statistik.at/web_de/services/adress_gwr_online/index.html 

Statistik Austria, 2013b. Konjunkturstatistik im Produzierenden Bereich 2011 - Band 2: Pro-
duktionsergebnisse nach (Ö)CPA 2008 und ÖPRODCOM. at: http://www. statis-
tik.at/web_de/services/publikationen/9/index.html (06.03.2013). 

Statistik Austria, 2013c. Gütereinsatzstatistik. at: http://statcube.at/superwebguest/ auto-
Load.do?db=deprogue1 (06.03.2013). 

Stern, T., 2008. Contribution of the Austrian Forest Sector to Climate Change Policies - In-
dustrial Marketing Implications. In: UNECE/FAO Timber Section, Proceeding of the Work-
shop on Harvested Wood Products in the Context of Climate Change Policies, Editor: Se-
bastian Hetsch, 45 

Stern, T., Haas, R. und Meixner, O. 2009. Consumer acceptance of wood-based food addi-
tives. British Food Journal, Vol. 111 Iss: 2, pp.179 - 195 

Stingl, R., Zukal, M.L. und Teischinger, A., 2011. Der Holzbauanteil in der Bundeshauptstadt 
Wien. proHolz Austria - Arbeitsgemeinschaft der öst. Holzwirtschaft, 140 

Stoll-Kleemann, S. [Hrsg.], 2006. Stakeholder dialogues in natural resources management - 
theory and practice, Berlin [u.a.]: Springer, XXVIII, 386 S., ISBN 978-3-540-36916-5 

Verordnung (EG) Nr. 1165/98;1998, VERORDNUNG DES RATES vom 19. Mai 1998 über 
Konjunkturstatistiken, Amtsblatt der Europäischen Gemeinschaften L 162/1 

Weimar, H., 2011. Der Holzfluss in der Bundesrepublik Deutschland 2009 Methode und Er-
gebnis der Modellierung des Stoffflusses von Holz. Hamburg: Johann Heinrich von Thü-
nen-Institut. 

Wimmer, 1992. Can increasing wood consumption help to mitigate the CO2-problem in Aus-
tria? (in German), “Holzforschung und Holzverwertung, 44(4):59-61 

Wooldridge, J.M., 2000. Introductory Econometrics – A Modern Approach, South-Western 
College Publishing, Michigan, 824 

 



Final Report StartClim2012  

StartClim2012 page 37 

StartClim2012.E 
Dee, D. P., Uppala, S. M., Simmons, A. J., Berrisford, P., Poli, P., Kobayashi, S., Andrae, U., 

Balmaseda, M. A., Balsamo, G., Bauer, P., Bechtold, P., Beljaars, A. C. M., van de Berg, 
L., Bidlot, J., Bormann, N., Delsol, C., Dragani, R., Fuentes, M., Geer, A. J., Haimberger, 
L., Healy, S. B., Hersbach, H., Hólm, E. V., Isaksen, L., Kållberg, P., Köhler, M., Matri-
cardi, M., McNally, A. P., Monge-Sanz, B. M., Morcrette, J.-J., Park, B.-K., Peubey, C., de 
Rosnay, P., Tavolato, C., Thépaut, J.-N. and Vitart, F. (2011), The ERA-Interim reanaly-
sis: configuration and performance of the data assimilation system. Q.J.R. Meteorol. Soc., 
137:553–597. doi:10.1002/qj.828 

Formayer, H., Haas, P. 2011: Einfluss von Luftmasseneigenschaften auf die Schneefallgren-
ze in Österreich In: Prettenthaler, F., Formayer, H. (Hrsg.), Tourismus im Klimawandel: 
Zur regionalwirtschaftlichen Bedeutung des Klimawandels für die österreichischen Tou-
rismusgemeinden 6, 48-50; Verlag der Österreichischen Akademie der Wissenschaften, 
Wien; ISBN 978-3-7001-7151-5 

OECD 2007: Climate Change in the European Alps: Adapting Winter Tourism and Natural 
Hazards Management. ISBN: 9789264031692 
http://www.oecd.org/document/45/0,3746,en_2649_34361_37819437_1_1_1_1,00.html 

 

StartClim2012.F 
Adger, W.N., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, I., Nelson, D.R., Naess, L.O., 

Wolf, J. and Wreford, A. (2009): Are there social limits to adaptation to climate change? 
Climatic Change 93 (2009): 335–354. 

Andrews, C. and Urbanska, W. (2010): Warum weniger einfach mehr ist. In: Worldwatch In-
stitute (Ed.) in Cooperation with Heinrich-Böll-Stiftung and Germanwatch (2010): Zur Lage 
der Welt 2010. Einfach besser leben – Nachhaltigkeit als neuer Lebensstil. München: oe-
kom Verlag. 

Assadourian, E. (2010): Aufstieg und Fall unserer Konsumkultur. In: Worldwatch Institute 
(Ed.) in Cooperation with Heinrich-Böll-Stiftung and Germanwatch (2010): Zur Lage der 
Welt 2010. Einfach besser leben – Nachhaltigkeit als neuer Lebensstil. München: oekom 
Verlag. 

Bakhtin, M.M. (1981): The dialogic imagination: Four essays by M. M. Bakhtin. University of 
Texas Press, Austin, TX. 

BMLFUW (2004): Gelingensfaktoren sozialer Prozesse Richtung Nachhaltigkeit. Lebensminis-
terium, Wien, Österreich. 

BMLFUW (2012): Die Österreichische Strategie zur Anpassung an den Klimawandel, Teil 1 – 
Kontext. Vorlage zur Annahme im Ministerrat. Wien, Österreich. 

Bossel, H. (1998): Globale Wende. Wege zu einem gesellschaftlichen und ökologischem 
Strukturwandel. München: Droemer Knaur. 

Buchebner, J. (2011): Changing Values - Werte und Wertewandel im Bereich nachhaltiger 
Entwicklung. Masterarbeit am Zentrum für Globalen Wandel und Nachhaltigkeit an der 
Universität für Bodenkultur, Wien. 

Burford, G. Velasco, I. , Janoušková, S., Zahradnik, M., Hak, T., Podger, D., Piggot, G., 
Harder, M.K. (2012b): Field trials of a novel toolkit for evaluating ‘intangible’ values-related 
dimensions of projects. Evaluation and Program Planning, in press. 
http://dx.doi.org/10.1016/j.evalprogplan.2012.04.005  

Burford, G., Velasco, I., Stapleton, L.m., Hardner, M.K. (2012a): Developing values-based 
sustainability indicators: an adaptive learning approach based on intersubjective multi-
stakeholder dialogue. University of Brighton.  



Final Report StartClim2012 

StartClim2012 page 38 

Clugston, R., (2011): Ethical Framework for a Sustainable World: Earth Charter Plus 10 con-
ference and follow up. Journal of Education for Sustainable Development 5: 173-176 

Crompton, T.; Brewer, J.; Chilton, and Kasser, T. (2010): Common Cause – The case for 
Working with our Cultural Values. Report published in partnership by: WWF, Friends of 
Earth, Oxfam, Climate outreach and information campaign, Campaign to Protect Rural 
England. Available online: http://assets.wwf.org.uk/downloads/common_cause_report.pdf 

Dahl, A.L. (2012): Achievements and gaps in indicators for sustainability. Ecological Indica-
tors 17 (2012): 14–19 

Erdcharta (2003): Ökumenische Initiative Eine Welt und Bund für Umwelt- und Naturschutz 
Deutschland - Die Erd Charta. Deutsche Erstübersetzung Mai 2001. 4. Aufl. (2003).  

Evangelinos, K.I. and Jones, N. (2009): An analysis of social capital and environmental man-
agement of higher education institutions. IJSHE International Journal of Sustainability in 
Higher Education 10/4 (2009): 334-342. 

Felber, C. (2008): Neue Werte für die Wirtschaft – Eine Alternative zu Kommunismus und 
Kapitalismus. Wien: Paul Zsolnay Verlag. 

Fietkau, H.J. and Kessel, H. (Ed.) (1981): Umweltlernen: Veränderungsmöglichkeiten des 
Umweltbewusstseins. Modelle – Erfahrungen. Königstein/Ts.: Hain. In: Schahn, J. and 
Giesinger, T. (1993; Ed.): Psychologie für den Umweltschutz. Hemsbach: Psychologie 
Verlags Union. 

Gollan, T. (2008): Wohin führt der Wertewandel? Wissenswert 01 (2008): 4-6. 

Grouzet, F. M. E., Kasser, T., Ahuvia, A., Fernandez-Dols, J. M., Kim, Y., Lau, S., Ryan, R. 
M., Saunders, S., Schmuck, P., and Sheldon, K. (2005): The structure of goal contents 
across 15 cultures. Journal of Personality and Social Psychology, 89: 800-816. Available 
online: 
http://ww.selfdeterminationtheory.org/SDT/documents/2005_Grouzetetal_StructureofGoal
Contents.pdf (08.01.2013) 

Haase, H.-M. and Bogner, F.X. (2002): Nachhaltigkeit und Umweltbildung. Möglichkeiten 
pädagogischen Wirkens. Natur und Kultur 3/2 (2002): S.75-94.  

Harris, S. (2010): The Moral Landscape: How Science Can Determine Human Values. USA: 
Free Press. 

Homburg und Matthies (1998): Umweltpsychologie – Umweltkrise, Gesellschaft und Indivi-
duum. Weinheim, Juventa Verlag. 

IPCC – Intergovernmental Panel on Climate Change (2007): The Physical Science Basis. 
Working Group 1 Contribution to the Fourth Assessement Report. Cambridge, New York: 
Cambridge University Press. 

Johnson, R.B. and Onwuegbuzie, A.J. (2004): Mixed methods research: a research para-
digm whose time has come. Educational Researcher 33, 14-26 

Kasser, T., Cohn, S., Kanner, A.D., and Ryan, R.M. (2007): Some costs of American corpo-
rate capitalism: a psychological exploration of value and goal conflicts. Psychological In-
quiry, 18: 1-22.  

Kasser, T., Ryan, R. M.,Couchman, C. E. and Sheldon, K. M. (2004): Materialistic values: 
Their causes and consequences. In: Psychology and consumer culture: The struggle for a 
good life in a materialistic world. Washington, DC: American Psychological Association. 

Kromp-Kolb, H. (2010): Kaya-Identität. Unterlagen zur LV Luftreinhaltung und Klimaschutz. 
Zentrum für Globalen Wandel und Nachhaltigkeit, Universität für Bodenkultur, Wien. 

Lindenthal, T. (2010): Nachhaltigkeit und Nachhaltige Entwicklung. Unterlagen zur LV Mut 
zur Nachhaltigkeit. Zentrum für Globalen Wandel und Nachhaltigkeit, Universität für Bo-
denkultur, Wien.  



Final Report StartClim2012  

StartClim2012 page 39 

Macy, J. and Brown, M.Y. (2007): Die Reise ins lebendige Leben – Strategien zum Aufbau 
einer zukunftsfähigen Welt – ein Handbuch. Paderborn: Junfermann Verlag. 

Maio, G.R., Pakizeh, A., Cheung, W.Y. and Rees, K.J. (2009): Changing, priming, and acting 
on values: effects via motivational relations in a circular model. Journal of Personality and 
Social Psychology 97(4): 699-715. 

Mayring, P. (1994): Qualitative Inhaltsanalyse. In: Boehm, A.; Mengel, A. und Muhr, T. (Ed.) 
(1994): Texte verstehen - Konzepte, Methoden, Werkzeuge. Gesellschaft für Angewandte 
Informationswissenschaft (GAIK) e.V.; Konstanz: Univ.-Verl. Konstanz. 
http://www.ssoar.info/ssoar/files/2009/601/mayring-qualitative_inhaltsanalyse.pdf 
(02.08.2011) 

Milke, K. and Rostock, S. (2010): Trotz Kopenhagen – auf vielen schnellen Wegen zu neuen 
Gewohnheiten. In: Worldwatch Institute (Ed.) in Cooperation with Heinrich-Böll-Stiftung 
and Germanwatch (2010): Zur Lage der Welt 2010. Einfach besser leben – Nachhaltigkeit 
als neuer Lebensstil. München: oekom Verlag. 

Ogden, C.K. and Richards, I.A., (1946): The Meaning of Meaning: A Study of the Influence of 
Language upon Thought and of the Science of Symbolism, 8th ed. Harcourt, Brace & 
World, New York. 

Ömer, B. (2000): Ökologische Leitplanken einer nachhaltigen Entwicklung – Umsetzungsori-
entierte Modellbildung zur Transformation ökologischer Lebensprinzipien in gesellschaftli-
che Werte. Schriftenreihe des Österreichischen Institutes für Nachhaltige Entwicklung, 
Band 6, Wien. 

Planet Under Pressure (2012): “State of the Planet” declaration. The declaration by the Co-
Chairs of the Planet Under Pressure conference, Dr. Lidia Brito and Dr. Mark Stafford 
Smith, supported by the conference. 

Pugliese, A. and Ray, J. (2009): Awareness of Climate Change and Threat Vary by Region. 
Gallup. Retrieved 22 Dec 2009 

Rammel, C., Roorda, N., Waara, S. and Fra Paleo, U. (2012): Aishe 2.0. Manual - Assess-
ment Instrument for Sustainability in Higher Education. Version 1, 2012. WU Wien. Avail-
able Online: http://de.slideshare.net/NRoorda/aishe-20-manual (01.04.2013) 

Ribeiro, M.M., Losenno, C., Dworak, T., Massey, E., Swart, R., Benzie, M., Laaser, C. 
(2009): Design of guidelines for the elaboration of Regional Climate Change Adaptations 
Strategies. Study for European Commission - DG Environment - Tender DG ENV. 
G.1/ETU/2008/0093r 

Rockeach, M. (1968): A theory of organization and change within Value-Attitude-Systems. 
Journal of Social Issues 1: 13-33. 

Schahn, J. (1993). Die Kluft zwischen Einstellung und Verhalten beim individuellen Umwelt-
schutz. In: Schahn, j. & Giesinger, t. (Ed.): Psychologie für den Umweltschutz. Winheim: 
Beltz Psychologie-Verlags-Union, 29 – 49. 

Schirmer, D. (2009): Empirische Methoden der Sozialforschung – Grundlagen und Techni-
ken. Paderborn: Wilhelm Fink GmbH & Co. Verlags-KG. 

Schmuck, P. (2005): Die Werte-Basis nachhaltiger Entwicklung. Natur und Kultur 6/2 (2005): 
84-99  

Schwartz, S.H. (1992): Universals in the content and structure of values: Theoretical ad-
vances and empirical tests in 20 countries. In: Advances in Experimental Social Psychol-
ogy. Volume 25. London: Academic Press Limited. Available online: 
http://books.google.at/books?hl=de&lr=&id=z9vHEy0osBAC&oi=fnd&pg=PA1&dq=schwar
tz+shalom&ots=Pfnxf7lbF&sig=1K5ceeuBTYg1Kv8W7h2Ifjtq4W8#v=onepage&q=schwart
z%20shalom&f=false (13.12.2012) 



Final Report StartClim2012 

StartClim2012 page 40 

Schwartz, S.H. (1996): Value Priorities and Behavior: Applying a Theory of Integrated Value 
Systems. In: Seligmann, C.; Olson, J.M. und Janna, M.P. (Ed.): The Psychology of Val-
ues: The Ontario Symposium Vol. 8. New Jersey: Lawrence Erlbaum Associates Inc. 
http://books.google.at/books?hl=de&lr=&id=q5CUHmtlTz0C&oi=fnd&pg=PA1&dq=Values
+and+Behavior:+Strength+and+Structure+of+Relations&ots=yT4xL7jlyr&sig=j5n2JQfpBU
OAGLKZIVg7EBy3Daw#v=onepage&q&f=false (13.12.2012) 

Shwom, R., Bidwell, D., Dan, A. and Dietz, T., (2010): Understanding U.S. public support for 
domestic climate change policies. Global Environmental Change 20, 472–482. 

Stepherd, D.A., Kuskova, V. and Patzelt, H. (2009): Measuring the values that underlie sus-
tainable development: The development of a valid scale. Journal of Economic Psychology 
30 (2009): 246-256. 

Talamo, A. and Pozzi, S. (2011): The tension between dialogicality and interobjectivity in 
cooperative activities. Culture & Psychology 17, 302-318 

Umweltbundesamt (2011): Klimaschutzbericht 2011. REP-0334. Wien 
http://www.umweltbundesamt.at/fileadmin/site/publikationen/REP0334.pdf (09.11.2012) 

UNESCO (1998): Final report: World Declaration on Higher Education for the Twenty-First 
Century: Vision and action. Paris: UNESCO. 

UNESCO (2009): Bucharest Message to the 2009 World Conference on Higher Education – 
Experiences and Recommendations from the Europe Region. In: World Conference on 
Higher Education: The New Dynamics of Higher Education and Research for Societal 
Change and Development (5-8 July 2009). Bucharest, Romania. 

UNESCO-CEPES (2004): The Bucharest Declaration concerning Ethical Values and Principles 
for Higher Education in the Europe Region. In: International Conference on Ethical and 
Moral Dimensions for Higher Education and Science in Europe. Bucharest, Romania. 

Von Lüpke, G. (2003): Politik des Herzens – Nachhaltige Konzepte für das 21. Jahrhundert – 
Gespräche mit den Weisen unserer Zeit. second Edition, Uhlstädt-Kirchhasel: Arun-
Verlag. 

WBGU – Wissenschaftlicher Beirat der deutschen Bundesregierung Globale Umweltveräede-
rungen (2011): Welt im Wandel – Gesellschaftsvertrag für eine Große Transformation. 
Hauptgutachten 2011. Berlin: WBGU. 

WCPPS (1988): WMO/UNEP intergovernmental Panel on Climate change: Report on the first 
session. 9 – 11 November 1988. Geneva. Available online: 
http://www.ipcc.ch/meetings/session01/first-final-report.pdf 

Witte, H. (2008): Was ist nur mit den Werten? Ein Vorwort. Wissenswert 01 (2008), p.3. Uni-
versität Hamburg. 

WVS (2009): World Values Survey 2005 Official Data File v. 20090901. Stockholm: World 
Values Survey Association 

 



Final Report StartClim2012  

StartClim2012 page 41 

Table of Figures 

Fig. 1: Nitrous oxide emissions after a cover crop (example: mustard) and during the 
subsequent main crop (maize) at the experimental site in Pötting, Upper 
Austria. Note that the y axis has a logarithmic scale, i.e. emissions during the 
main crop period are, with one exception, between ten to hundred fold higher 
than in the post cover crop period --------------------------------------------------------------- 11 

Fig. 2: Nitrous oxide emissions from mustard and cover crop mixtures (average of 
mustard-phacelia, cress-radish-phacelia and Alexandrian clover-mungo-
phacelia) compared to bare soil for different average emissions ------------------------ 12 

Fig. 3: Relationship between the Q10 factor and incubation temperature (Hamdi et al. 
2013 mod., Kirschbaum 2006, mod.) ----------------------------------------------------------- 15 

Fig. 4: Ergosterol values (i.e. approx. mycorrhiza biomass) on non-clipped/non-
trenched, clipped/trenched, and old trenched/bare soil plots at the stand 
(control), 2009 windthrow and 2007 wind throw (mean ± SE)---------------------------- 17 

Fig. 5: Number of tree seedlings within 2 metres of the non-clipped/non-trenched, 
clipped/ trenched plots at the 2009 and 2007 windthrows (mean + SE) --------------- 17 

Fig. 6: Soil carbon dioxide efflux in intact and trenched/clipped plots in the forest 
stand and 2009 and 2007 windthrows (mean + SE) ---------------------------------------- 18 

Fig. 7: Mean half-life (weighted by amount and utilisation) of wood products made in 
Austria -------------------------------------------------------------------------------------------------- 20 

Fig. 8: Use of wood and derived timber products, and the total approved single-family 
houses (SFH) and wood buildings in the period of 1998– 2008 ------------------------- 20 

Fig. 9: Average snow line elevation (arithmetic mean) in summer (JJA) for the period 
1979–2011 (top left), and the deviations from this average in the 1980s (top 
right), 1990s (bottom left) and 2000s (bottom right). All values are elevations in 
metres -------------------------------------------------------------------------------------------------- 22 

Fig. 10: Average snow line elevation (median) for winter (DJF) for the period 1979–
2011 in the Alpine region (left) and sub-regions (right). Magenta = continental, 
blue = Atlantic/continental, green = Mediterranean/continental and red = 
maritime ------------------------------------------------------------------------------------------------ 22 

Fig. 11: Annual snow line cycle (1979–2011) averaged (mass weighted) for the four 
Alpine regions. In winter differences up to 900 m can be seen, with the lowest 
values in the continental region and highest in the maritime region. During 
summer the regional differences do not exceed 200 m ------------------------------------ 23 

Fig. 12: In the validation workshop in March 2013 the values and indicators previously 
surveyed were further modified, corrected and validated by small groups of 4-
5 BOKU members. They discussed the significance of each value both in the 
plenary session and in the small groups. An inter-subjective (quasi-objective) 
understanding of values is a prerequisite for deriving (objectively) verifiable 
indicators ----------------------------------------------------------------------------------------------- 25 

 



Final Report StartClim2012 

StartClim2012 page 42 

Annex 

All following reports can be found on the StartClim2010-CD-ROM and on the StartClim website 
(www.austoclim.at/startclim/) 

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

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

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

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

StartClim.6:  Adaptation strategies for economic sectors affected heavily by 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.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.12:Developing an innovative approach for the analysis of the August 2002 
flood event in comparison with similar extreme events in recent years 
Department of Meteorology and Geophysics, University of Vienna 
Simon Tschannett, Barbara Chimani, Reinhold Steinacker 

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

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

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

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

 

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 



Final Report StartClim2012  

StartClim2012 page 43 

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 

Armin Deutz 
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 

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

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

 

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 

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 

 

Subprojects of StartClim2010 

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

StartClim2010.C: The social costs of adaptation: approaches to an evaluation of 
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 devel-
opment of climate change adaptation strategies 
Institute of Silviculture, BOKU: Rupert Seidl, Dominik Thom 
Institute of Forest Protection, Federal Research and Training Center for For-
ests, Natural Hazards, and Landscape (BFW): Hannes Krehan, Gottfried 
Steyrer 

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

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




