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S.0 Introduction

S.0.1  Motivation

The Austrian Assessment Report 2014 (AAR14) was con-
ceived as a national counterpart to the periodically compiled
assessment reports of the Intergovernmental Panel on Climate
Change (IPCC). Whereas the IPCC reports focus on the
global and regional levels, the AAR14 focuses on the situation
in Austria. AAR14, which follows, was compiled by Austrian
scientists working in the field of climate change over a three-
year period and was modelled on the IPCC assessment report
process. In this extensive publication, more than 200 scientists
depict the state of knowledge on climate change in Austria:
the impacts, mitigation, and adaptation strategies, as well as
the associated political, economic, and social issues. AAR14
presents a coherent and consistent report i) on historically
observed climate change and its impacts on the environment
and society; and ii) on potential future trends and options in
the areas of adaptation and mitigation in Austria In so do-
ing, it takes into account country-specific natural, societal, and
economic characteristics. It provides much needed knowledge
about regional manifestations of global climate change. The
report also indicates gaps in knowledge and understanding.
Like the IPCC reports, AAR14 is based on contributions that
have already been published and aims to be policy-relevant
without being policy-prescriptive.

The Austrian Climate Research Program (ACRP) of the
Klima- und Energiefonds (Climate and Energy Fund) has fi-
nanced the coordinating activities and material costs of this
study. The extensive and substantial body of work has been
carried out gratuitously by the researchers, with strong support
of their respective institutions.

This synthesis is divided into three sections corresponding
to the three volumes of the full report. It provides the most
significant information from the full report based on the con-
tributions of the coordinating lead-authors of the individual

chapters of the AAR14. The sections are as follows:

*  Volume 1. Climate change in Austria: Drivers and
Manifestations (coordinating lead-author: Helga Kromp-
Kolb).

Volume 1 describes the scientific basis of climate change, in

particular its historical and future manifestations in Austria.

*  Volume 2. Climate change in Austria: Environmental
and Societal Implications (coordinating lead-author: Ru-
pert Seidl)

Volume 2 describes the impacts of climate change on the
hydro-, bio, pedo- and lithospheres and on humans, the econ-

omy, and society (anthroposphere).

*  Volume 3. Climate change in Austria: Mitigation and
Adaptation (coordinating lead-authors: Nebojsa Naki-
cenovic and Karl Steininger)

Volume 3 introduces options to mitigate greenhouse gas

(GHG) emissions and to adapt to climate change. Possible

transformation paths toward a more climate-friendly society

and economy are presented.

References to individual chapters within this synthesis are
made by reference to the volume and chapter of the report
itself (e. g., Volume 1, Chapter 3)*. References to the original
literature can be found in the main report. Cited “grey litera-
ture” is available from the literature database of the Climate
Change Centre Austria (CCCA) (www.ccca.ac.at).

S.0.2  Handling Uncertainties; Safety and Pre-
cautionary Principle

All insights, even scientific insights, are subject to uncertainty.
In the public debate on climate change, uncertainty has often
been used to justify postponing decisions and actions. From a
scientific point of view, however, uncertainty must be properly
dealt with. This report shows that it is possible to take deci-
sions on the basis of existing knowledge, despite uncertainty.
Uncertainty regarding the scientific reliability of the theory
of anthropogenic climate change (in the following: climate
change theory) is nurtured by media and popular scientific
books and films, which offer a broad spectrum of alterna-
tive interpretations. Epistemologically speaking, strict proof
of climate change theory is impossible (Volume 1, Chapter
5), quite apart from the fact that a prediction of the future is
impossible. However, the theory of human-induced climate
change is well supported by model experiments and empiri-
cal studies and, furthermore, has been subject to scientific
scrutiny for over 40 years. As a result, the mainstream climate
change theory is superior to all other theories and hypotheses
that have thus far been presented. As long as no new evidence
or insights emerge that challenge the core of climate change
theory, it is appropriate to base societal, political and economic

decisions upon it.

1

The 1092 page report is available only in German, with English
headings and captions of figures and tables.
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Within climate change theory, the reliability of individual
statements varies. For example, most statements regarding fu-
ture temperature changes are more robust than statements re-
garding future levels of precipitation. Uncertainty can arise for
a variety of reasons, such as lack of data, lack of understanding
of processes, or the lack of a generally accepted explanation for
observations or model results.

The IPCC has developed a specific terminology to express
uncertainties that uses three different approaches. The choice
of approach depends on the nature of the available data and
on the authors’ assessment of the accuracy and completeness
of the current scientific understanding. For a qualitative esti-
mation, the uncertainty is described using a two-dimensional
scale where a relative assessment is given, on the one hand,
for the quantity and the quality of evidence (i. e., information
from theory, observations, or models indicating whether an as-
sumption or assertion holds true or is valid) and, on the other
hand, to the degree of agreement in the literature. This ap-
proach uses a series of self-explanatory terms such as high / me-
dium/low evidence and strong/ medium/low agreement. The
joint assessment of both these dimensions is described by a
confidence level, using five qualifiers: “very high,” “high,” “me-
dium,” “low,” and “very low.” For a quantitative assessment,
expert judgment of the correctness of the underlying data,
models, or analyses, is used to assess the uncertainty of the
results, using eight degrees of probability from “virtually cer-
tain” to “more unlikely than likely.” The probability is based on
the assessment of the likelihood of a well-defined result having
occurred or being expected to occur in the future. The de-
grees of probability can be derived from quantitative analyses
or from expert opinion. For more detailed information, please
refer to the introductory chapter in AAR14 (in German) or
the relevant IPCC documents (in English). In the following,
if the description of uncertainty relates to a whole paragraph,
it will be found at the end of that paragraph. Otherwise, the
uncertainty assessment is given after the statement in question.

As the report deals with both past and future developments,
uncertainty allows for the fact that the future will be influenced
by human activity. In climate and climate impact research, this
is typically dealt with by applying different scenarios in which
various potential future developments are presented, without
actually developing prognoses.

The selection of scenarios is not limited to the most likely
developments, as climate change is just as much an ethical is-
sue as an academic one. From an ethical point of view, not
at all impacts of climate change are equally important (Vol-
ume 1, Chapter 5). From an ethical perspective, it is especially

important to study impacts that risk violating basic human

rights, such as the right to life, health, and autonomy. It is gen-
erally accepted that future generations have rights that must be
respected by people alive today. This principle — in the form
of “sustainable development” — has been on the international
agenda since the “Brundtland Report” (1987) and can thus
be considered as a fundamental and internationally recognized
ethical consensus. As a result, climate policy that unnecessarily
puts people’s fundamental rights at risk is impermissible.
Principles of environmental ethics, which are integrated in
differing ways into the body of law of many countries, provide
an orientation: the security principle, the precautionary prin-
ciple, and the polluter-pays principle. In cases of uncertainty,
the security principle demands that upper limits (worst-case
scenarios) of possible negative environmental impacts are as-
sumed. Implementing climate protection measures does not
require scientific proof of negative climate change impacts be-
yond doubt; a plausible and justified suspicion is sufficient.
Consequently, doubts about the anthropogenic nature of
climate change are no justification for business as usual. For
climate science this means that for society to take informed
decisions, the full bandwidth of possible impacts must be de-
picted, including potential best-case and worst-case scenarios,
even if they are unlikely.
S5.0.3  Acknowledgments
Over 250 people worked on AAR14. They are acknowledged
in the full report, and they delivered the basis for this syn-
thesis. At this juncture it is only possible to express deepest
thanks collectively to all authors, lead authors, coordinating
lead-authors, co-chairs, reviewers, review editors, members of
the quality management and scientific advisory boards, the
project manager, the secretariat, the lectors, and those who did
the page layout. Thanks also go to all institutions that made
this report possible, either through financial or in-kind contri-
butions, and to the Climate and Energy Fund and the FWF

Austrian Science Fund for their financial support.

S.1  Climate Change in Austria: Drivers
and Manifestations

S.1.1  The global climate system and causes of

climate change

The progress of industrialization has caused significant observ-
able changes to the climate worldwide. For example, in the pe-

riod since 1880 the global average surface temperature has in-
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Change, Figure 1.1. Cambridge University Press.

Figure S.1.1. Graphical overview over climate subsystems (boxes, bold font), their exchanges (thin arrows, normal font) and some aspects
which change (thick arrows). The most relevant trace gases and aerosols are mentioned. Source: Houghton et al. (2001)

creased by almost 1 °C. An understanding of the causes of these
changes is a prerequisite for estimating possible future changes.

The climate system can be considered as an externally influ-
enced, dynamic system, the state of which “changes” at time
scales of years to geological eras. The climate is influenced by
subsystems such as the atmosphere, hydrosphere, and bio-
sphere. These spheres store and exchange energy, water, car-
bon, and trace elements (Figure S.1.1). Such processes can fre-
quently be represented as cycles. The sun delivers the energy to
sustain all the (climate) processes on earth. Solar energy enters
the climate system as solar radiation. A large part of the solar
radiation, which is absorbed by the earth’s surface, is emitted
back into the atmosphere as terrestrial radiation, where it is
partly absorbed and then radiated back again to earth, mani-
festing itself as the greenhouse effect in the climate system. The
terrestrial radiation that is not absorbed by the atmosphere is
radiated back into space. A relatively small amount of the en-
ergy absorbed by the earth is taken up by the biosphere, for ex-
ample, through photosynthesis. When the climate system is in

global balance, solar (incoming) radiation (wavelength 0,3-3

pm) and terrestrial (outgoing) radiation (3—100 um) balance
each other out over several years.

If terrestrial radiation decreases, for example, through an
increase in carbon dioxide (CO,), nitrous oxide (N,0), meth-
ane (CH,), ozone (O,), chlorofluorocarbons, sulphur hexaflu-
oride (SF ), or water vapor (H,0), the net energy intake of the
climate system can increase.

Beside the greenhouse effect, there are three major factors
that influence the energy exchange between the earth and out-
er space and thereby influence radiative forcing and the aver-

age surface temperature of the planet:

*  The radiant flux from the sun reaching the earth. This is
subject to natural fluctuations; however, the latter have
not amounted to more than 0.5 W/m? in the past 400
years, which is quite minimal when compared to the aver-
age value of 1361 W/m?”.

e Changes in the parameters of the earth’s orbi, at scales of
several hundred to several hundred thousand years (Mila-
nkovic theory).
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Figure S.1.2. Time-series of global surface temperature anomalies (reference period 1961 to 1990) with uncertainty bounds, calculated by
four international research groups. Trends on the right are calculated for 1900 to 2010 and 1980 to 2010, and are statistically highly signifi-

cant. Source: Morice et al. (2012)

* The planetary albedo, the share of incoming solar ra-
diation that is reflected by the earth and its atmosphere
without absorption. The albedo is determined by clouds,
amount and distribution of snow and ice, aerosol particles
in the atmosphere, and the type of land cover and land
use. Changes in the albedo of the magnitude of merely

1% have a significant influence on net radiation.

The water budget, like the energy budget, also plays a cen-
tral role. Water vapor is the most important greenhouse gas
(GHG); however, anthropogenic emissions of water vapor are
insignificant when compared to natural evaporation. With
rising temperatures, the content of water vapor in the atmo-
sphere increases, which, because of increased long-wave atmo-
spheric radiation, leads to a positive feedback and increases the
warming caused by longer-lived GHGs. Water vapor is often
not included in GHG budgets due to its short life time in
the troposphere and the comparatively small amount of direct
anthropogenic emissions.

To explain the observed increase in GHGs in the atmo-
sphere, it is necessary to consider biogeochemical cycles, in
particular the carbon budget, which includes processes such as
photosynthesis, respiration, storage and respiration in oceans,
and anthropogenic activities. Anthropogenic sources are caus-
ing an increase in atmospheric CO, content; this is leading
to an increase in natural sink activity, in particular enhanced
photosynthesis (increased biomass production) and stronger
uptake of CO, in the oceans (ocean acidification).

Although the specific influences of human beings on the

climate system are very complex, the majority of observed

changes in climate since 1880 can be explained by just a few

activities:

1. The combustion of fossil fuels (coal, oil, gas) and the related
increase in GHG emissions.

2. Land use change (e. g., deforestation, afforestation, soil seal-
ing) and agriculture (e.g., deforestation, sealing, nitrogen
fertilizer, humus decomposition, methane emissions from
rice fields and the stomachs of ruminants).

3. Process-related emissions from industry (e.g., production

of cement and steel).

The most important source of GHGs in the last 50 years has
been the combustion of fossil fuels, which has tripled during
this time. Although natural CO, sinks have increased along
with the increase in the CO2 concentration in the atmosphere,
they cannot offset rising anthropogenic CO, emissions. The
most recent figures estimate current (2011) anthropogenic
CO, emissions at 10.4 1.1 Gt C/year, of which 9.5 +0.5
Gt C/year can be attributed to the combustion of fossil fuels
and cement production and 0.9 +0.6 Gt C/year to land use
change. Of the anthropogenic emissions, 2.5 +0.5 Gt C/year
are absorbed by the oceans and 2.6 £0.8 Gt C/year by the ter-
restrial biosphere, whereas 4.3 £0.1 Gt C/year remain in the
atmosphere. Accordingly, the CO2 content in the atmosphere
has increased by approximately 30 % since 1959.

This increase, which is easily measurable, is one of the most
important foundations of the insight that anthropogenic CO,
emissions lead to an increase in CO, concentration. The cu-

mulative anthropogenic CO, emissions since 1870 are ap-
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proximately 1479 Gt CO, (400 Gt C). The carbon content
of the atmosphere has risen by 840 Gt CO, (or by 230 Gt C,
which is an increase of 39 % over pre-industrial levels). The
concentration of the second most important GHG, methane,
has doubled since 1870. The fifth IPCC report, published in
2013, estimates the contribution of all anthropogenic GHGs
to radiative forcing at 1.9 W/m? +1 W/ m?’.

Although current climate change is most apparent through
the increase in mean global temperature, it is also revealed
through a number of other parameters such as distribution
of precipitation and shifting of climate zones. In essence, a
pole-ward shifting of climate zones and an enlargement of arid
environments can be observed. Changes in the cryosphere (all
forms of snow and ice) are also dramatic. These changes relate
not only to glacial melting in the Alps and other mountains
buct also to the melting of the Greenland ice sheet and the re-
duction of Arctic sea ice in summer. The thermal expansion of
oceans and the melting of land-based glaciers and ice sheets are
leading to a rise in sea level, increasingly endangering coastal
regions: between 1880 and 2009 the sea level rose by a global
average of around 20 cm.

Past climates, before the instrumental period, can be recon-
structed using proxy data, for example, fossils or deposits from
past geological epochs. Past temperatures during these peri-
ods can be particularly inferred from isotope ratios in deep sea
sediments and from ice cores. For the Holocene, the time fol-
lowing the last cold period, a number of other proxy data are
available, such as tree rings, pollen, and corals, to name a few.

The climate of the current geological period of the past 2.5
million years, the Quaternary (Pleistocene and Holocene) has
been an interplay of long glacials, with mean global tempera-
tures as much as 6°C below current values, and short inter-
glacials (warm periods) with temperatures similar to today,
driven by variations in earth orbit parameters (shape of the
orbit, tilt, and orientation of the rotation axis of the earth).
Within this period we currently live in a warm period. The
Holocene, which started about 11700 years ago, was char-
acterized by a relatively stable climate. During the last 2000
years there have been warmer periods worth mentioning (in
around 1000 A.D.) and colder periods (in the 17% century
and around 1850).

Global temperatures have been rising since around 1850,
and both proxy and instrumental data show these increases
tending to accelerate during the past decades. The rate of
warming in the last decades of the 20™ century was particularly
dramatic compared to climate variations during the Holocene.
The rapid increase of approximately 1°C observed in the last

100 years (see Figure S.1.2) is not extreme from a geological

perspective; it is, however, the first time that an increase has
been caused by anthropogenic activity, and it is the beginning
of anticipated, considerably stronger warming,.

The anthropogenic influence on the current climate can be
determined on the basis of available observations, the mod-
elled reconstruction of the past (re-analyses), elaborate sta-
tistical methods (so-called fingerprint methods), and climate
simulations. The direct conclusion from this evidence is that
future climatic changes will be significantly influenced by
global socioeconomic developments. In this context many dif-
ferent trajectories are conceivable; these depend on parameters
that are hard to forecast, such as population and economic
growth, the use and development of emission mitigation tech-
nologies, availability of resources, and political decisions. In
other words, future climatic developments will also depend on
human decisions.

For the Fifth IPCC Assessment Report (IPCC AR5), four
so-called Representative Concentration Pathways (RCPs)
were developed, which provide the basis for climate projec-
tions. The individual pathways all include different trends in
GHG emissions that lead to radiative forcing values between
2.6 (RCP 2.6) and 8.5 W/m?* (RCP 8.5) by 2100 (Volume 1,
Chapter 1), which in turn all lead to a stabilization of radiative
forcing at different levels and within varying time frames.

Using earth system simulation models (advanced global
climate models), parameters such as temperature, pressure,
and precipitation changes are calculated on the basis of RCP
emission pathways. Mean global surface temperature provides
a general description of the anthropogenic warming of the
earth’s atmosphere. It is both a symbol and a valuable indica-
tor for overall climate change. Figure S.1.3 demonstrates that
the internationally agreed political goal of limiting warming
to a maximum of 2°C relative to preindustrial temperature
levels can be reached only in the most ambitious concentration
pathway (RCP 2.6) In RCP 2.6 global radiative forcing levels
reach a maximum before 2050, in RCP 4.5 are stabilized after
around 2080, and in RCP 6.0 after around 2150. However,
temperature still increases after these points in time, due to the
inertia of the climate system and in particular of the oceans.
Temperature differences between the pathways only become
significant around the middle of the 21* century and after.

As many regional climate studies and almost all climate im-
pact studies are still based on the IPCC SRES-scenarios used
prior to the IPCC AR5, reference will be made to these repeat-
edly in the following pages. If the increases in temperature by
the end of the century are compared, then the extreme RCP
8.5 approximately equates to the SRES A1F1 scenario, RCP
6.0 to SRES B2, and RCP 4.5 to SRES B1. The often used
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SRES A2 scenario is in the region of RCP 8.5. A SRES sce-
nario similar to RCP 2.6 and equivalent to the 2°C target was
not part of the SRES group. In accordance with IPCC speci-
fications at the time, SRES scenarios did not take account of
mitigation activities nor, therefore, of stabilization. The range
of possible developments in the 21% century foreseen within
the new RCPs is therefore broader than that of the SRES sce-
narios.
S.1.2  Emissions, Sinks, and Concentrations of
Greenhouse Gases and Aerosols

In 2010 Austrian greenhouse gas emissions totaled approxi-
mately 81 Mt CO,-equivalents (81000 Gg CO,-eq.), > that

2 1Gg=109 g, equals to 1 ke (thousand tonnes) and 1 Tg=1012 g
1 Mt (million tonnes)

“o

All references to total GHG emissions consider the respective
global warming potential” (GWP). GWP describes the global warm-
ing potential of a substance over a period of 100 years in relation to

«

CO,. In this way GHGs can be converted into CO,-equivalents and
be considered in their sum. According to this definition the GWP of
CO, is equal to 1. In this report, mandatory GWP values for report-

SRESA2

Figure S.1.3. Observed and simulated global average
temperatures near the surface for the period 1950-2100,
shown as deviations from the mean temperature of
1980-1999, for four representative concentration pathways
(RCPs). Source: Rogelj et al. (2012)

is, around 0.17 % of global emissions.* At 9.7 t CO,-eq., Aus-
trian annual per capita emissions are slightly higher than the
EU annual average of 8.8 t CO,-eq. per capita, considerably
higher than Switzerland’s at 6.9 t COz—eq., but significantly
lower than those of the USA (18.4 t CO,-eq.). Although
Austria committed itself under the Kyoto Protocol to reduce
GHG emissions by 13% between 1990 and 2010, its 2010
emissions — if decreasing carbon sinks are taken into account —
were around 19 % above 1990 levels (see Figure S.1.4).

Fossil fuel use causes the largest share of Austrian national
GHG emissions, almost 63 Mt COz—emissions 2010 (78 % of
total national GHG emissions). Over 17 % of emissions are at-
tributed to energy conversion (power stations, refineries, coke
ovens), almost 20 % to industrial energy conversion, approxi-

mately 13 % to heating (9% of which in private households),

ing to UNFCCC (United Nations Framework Convention on Cli-
mate Change) are used (IPCC 1996): 21 for CH, (i.e., the effect of
1 kg CH, is equivalent to 21 kg of CO,), 310 for N,O, and between
140 and 23900 for different fluorinated compounds.

4 Natural biochemical cycles are not included as they are considered

to be a constant background. All emissions data shown refer to 2010.
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and the majority of the remaining emissions (over 27 %) to
transport — all percentages are of total Austrian GHG emis-
sions. CH, and N,O are unwanted side products of com-
bustion, created in small amounts only. Transport emissions
consist almost exclusively of CO,; the share of N O is only
1.2% and of CH, less than 0.1 % of transport-related GHG
emissions.

In 2010 GHG emissions caused by industrial processes
were ranked second at 13% (11 Mt CO,-eq.) after the en-
ergy sector. Emissions attributed to this sector include only
process-related emissions (industrial processes during which
GHGs are emitted); energy-related emissions are attributed to
energy conversion (fossil fuel use, see paragraph above). Pro-
cess emissions are divided up as follows: at 5.5 Mt CO, (2010)
iron and steel production accounted for approximately 6.5 %
of Austrian GHG emissions. Ammonia production from natu-
ral gas accounted for 540 kt CO,. Emissions of N,O, a by-
product of ammonia oxidation during nitric acid production,
were reduced to 64 kt CO,-eq., as the only Austrian plant was
fitted with devices for the catalytic reduction of the emerg-
ing N,O. In cement production, heating of carbonate rock
releases CO,, which accounted for 1.6 Mt CO, or almost 2 %
of total Austrian GHG emissions in 2010. Limestone pro-
duction accounts for 574 ke CO,. Magnesium sintering and
“limestone and dolomite use” each account for approximately
300 ke CO,, the latter being additives in blast furnace pro-
cesses. The emissions of fluorinated gases (fluorinated hydro-
carbons, F-gases) also relate primarily to industrial processes.
With atmospheric lifetimes of several hundred years, F-gases
have a strong climate effect. The refrigeration sector, includ-
ing stationary and mobile cooling appliances, air conditioning
units, and heat pumps, has seen the largest growth in F-gases.
Under the terms of a European directive, only F-gases with
GWP under 150 are permitted to be used in new appliances
as of 2011. The use of F-gases in other areas (excluding extin-
guishing agents and in electrical switching stations) is decreas-
ing, although older appliances and remaining stock are still
causing emissions.

In agriculture, significant emissions of CH, and N,O oc-
cur from enteric fermentation, manure management, and soil
(emissions from energy use are attributed to the energy sec-
tor). In 2010 agriculture was responsible for 7.5 Mt CO,-eq.
or 8.8% of Austrian GHG emissions. The most significant
sources of agricultural GHG emissions in 2010 were enteric
fermentation from cattle (CH, emissions contributed 3.9 %
to total Austrian GHG emissions) and N,O emissions from
soil cultivation (3.4% in 2010). Manure management is re-
sponsible for both CH, and N,O emissions (0.4% and 1%

of the Austrian total, respectively). Although forests tend to
cause lower NZO emissions than agricultural land, their con-
tribution to Austrian emissions is still relevant due to the large
forested area in Austria. The calculation of N,O budgets from
the landscape scale to the continental level is an unresolved
challenge.

Biomass, in particular wood in forests, is a significant car-
bon repository. In Austria, this repository has tended to grow,
and forest-biomass has in the past, in most years, constitut-
ed a significant CO, sink; however, in the last few years car-
bon sequestration has been on the decline and, in some years,
has come to a complete halt. Austria has almost 4 million ha
of forest (47.6% of its territory); thus, a large carbon stock
(1990: 1243 154 Mt CO, or 339 +42 Mt C in biomass and
1698 +678 Mt CO, or 463 +185 Mt C in soil), which is pre-
served due to sustainable forest management. Since the 1960s
forest area has been increasing at all altitudes, particularly at
altitudes of more than 1800 m above sea level. As a result of
climate change (increasing length of the vegetation period),
improved nutrient availability (atmospheric nitrogen input)
and an optimization of forest management, wood stocks are
currently at record levels (2007/2009: 1135 million cubic
meters). However, due to increased felling of trees and the re-
moval of particularly fast growing stocks, average productivity
is on the decline.

Because of the release of landfill gases (CH, and CO,,
but also CFCs and N,O) the waste management sector also
causes a non-negligible share of GHG emissions. GHGs are
emitted by waste incinerators and sewage treatment. CH,
emissions result from anaerobic conversion processes of bio-
logically degradable carbon compounds; their avoidances are
an urgent priority for sustainable climate protection in waste
management.

Modelling emissions from residual waste treatment for
2006 resulted in 1250 ke CO,-eq., or 1.5% of total Austrian
CO, and CH, emissions (84220 kt CO,-eq.). Compared to
1990 levels, sectoral emissions have been decreasing due to
emission reductions in landfills from originally 2030 kt CO,-
eq., which indicates a decrease of more than 38 %. As a result,
the sector-specific emissions have decreased by approximately
18% to 0.89 Mg CO -eq./ ton of residual waste.

The increase in total emissions since 1990 can be ex-
plained by the emissions of a few sectors. Major increases
were observed in the transport sector, some of which can be
explained by fuel exports “in the tank” (fuel tourism). Due to
lower fuel prices in Austria, trucks in transit (and also passen-
ger cars) tend to purchase considerable amounts of fuel in Aus-

tria (which are then apportioned to Austrian emissions) even
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though much of the resulting distances are covered outside the
country. Ithas been estimated that these fuel exports account for
up to 30 % of transport-related CO, emissions, although these
estimates are subject to high levels of uncertainty. Since the
1990s fuel prices in Austria have been consistently lower than
in major neighboring countries. Conversely, carbon sinks have
been lost: forests, which were active carbon sinks in the 1990s,
lost effectiveness around 2003, when forests stopped accumu-
lating CO, due to improved use of biomass (Figure S.1.4).

Since 1999 the concentration of atmospheric CO, and
since 2012 the concentration of CH, have been measured
continuously at the Hoher Sonnblick observatory (3106 m
above sea level) within the framework of WMO’s Global At-
mosphere Watch-(GAW-) Program. In winter the concentra-
tion of CO, is higher than in summer due to higher emissions
and lower levels of absorption by vegetation. Average annual
values have been rising continuously, from 369 ppm (2001) to
388 ppm (2009) (Figure S.1.5). Data on the ozone column
have been available at Sonnblick since 1994. Values are com-
parable to those measured in Arosa, Switzerland (+4 Dobson
Units). Both location sites exhibit high interannual fluctua-
tions, attributable to meteorological factors.

Inventories of particulate matter (PM) releases have been
developed in view of the negative health effects of PM. Yet,
in combination with knowledge of the chemical and physical

characteristics of the emitted particles some conclusions can

be drawn regarding their climate relevance. The Austrian PM
inventory assesses emissions of primary aerosols, that is, direct
particle emissions in the atmosphere, but not of particles that
develop from gaseous substances via atmospheric reactions
and condensation of gases on particles.

Transport emissions, which account for approximately
44% of PM2.5° emissions, include combustion products pri-
marily from diesel motors (mainly diesel exhaust particulates)
and, to a lesser extent, suspended particles from road dust.

Emissions from small heating installations (approximately
30% of PM2.5 emissions) mainly include emissions from
heating systems that use solid fuels, particularly wood (coal
is hardly used as a fuel any more). Old heating systems and
single stoves in particular cause significant emissions; and, due
to their long lifespans, these appliances will continue to play
a role in emissions for quite some time to come. With regard
to emissions from domestic heating, clementary carbon (EC;
soot), a part of the aerosol that has a particularly strong climate
effect, is a significant component of PM2.5. The emissions, for
example, from a typical Austrian tiled stove for various types
of wood and wood briquettes have a soot component of 9.8 %
(larch logs) and 31% EC (soft wood briquettes). The emis-
sion factors of different biomass combustion systems were de-

> PM2.5 are particles with an acrodynamic diameter of less than
2.5 micrometers
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Figure S.1.5. Time series of CO, at Sonnblick Observatory (black
line) in comparison with the measurements at Mauna Loa Observa-
tory (grey line) for the last 50 years. Source: Béhm et al. (2011)

termined in the course of a bench test under various realistic
operating conditions. Modern biomass-based heating systems
have very low emissions; older single stoves and log burners,
many of which are still in use, have high soot emissions. As
soot is able to absorb radiation and thus have climate impacts,
the advantage of avoiding fossil CO, emissions by using bio-
mass fuels is diminished.

Particle formation (nucleation) in the atmosphere is an
important parameter for the climate relevance of aerosols.
Secondary inorganic aerosols (mainly sulphates, nitrates)
and secondary organic aerosols (SOA) are formed in the
atmosphere mainly through photochemical reactions on the
part of precursor gases (e. g., NH,, NO, SO,, volatile organic
compounds, VOC). Currently, no estimate of the annual con-
tribution of secondary aerosols to the amount of aerosols in
Austria is available. SOA are particularly important and are
currently the subject of intense scientific scrutiny. Due to the
long-distance transport of precursor gases, there can be very
high background concentrations of ozone (O,) and aerosol
particles.

The data on aerosol mass concentrations collected by moni-
toring networks are alone insufficient to draw conclusions
about the climate relevance of acrosols; however, together with
other parameters (typical size distributions, meteorological
conditions, chemical composition), they can be used to esti-
mate climate-relevant aerosol characteristics. The atmospheric
concentration of acrosols depends on emissions (see above),
long-range transport, and meteorological and dispersion con-
ditions.

The chemical composition of atmospheric aerosols which,
via their refractive and hygroscopic properties, also influences

their climate-relevant parameters contains information about

sources and chemical transformations in the atmosphere. With
the help of a “macro-tracer” model, street dust and road salt,
inorganic secondary aerosol, wood combustion, and traffic
have been identified as the most important aerosol sources
in Austria, although the relative contribution of the individual
sources varies both regionally and temporally. The contribu-
tion of wood smoke to organic carbon (OC) in aerosol was
between one-third and 70 %, the contribution to PM10 from
7-23%. Under particular conditions “brown carbon” (BrC)
from biomass fires can considerably exceed soot from traffic
sources.

The Sonnblick observatory at 3 106 m above sea level is one
of the most important background monitoring stations for
aerosols and gases in Austria. Measurements of the chemical
composition of aerosol demonstrate the changes that have tak-
en place over the last 20 years and also the differences between
the aerosol in the free troposphere (winter) and the planetary
boundary layer (summer; Figure S.1.6). Long-distance trans-
port of air masses (containing, for example, Saharan dust) can
be observed all year round. The aerosol at Sonnblick was also
investigated regarding aerosol-cloud interaction. The “scav-
enging efficiency” of soot (i.e., the fraction of atmospher-
ic soot that can be found in droplets) is lower than that of
sulphate (on average 54 % compared with 78 % on the Rax
mountain at 1 680 m above sea level); yet a significant portion
of the soot enters the cloud water by this process, where it can
influence the radiative properties of clouds. Under conditions
of 90% relative humidity, calculations of the direct effect of
the Sonnblick aerosol resulted in radiative forcing of between
+0.16 W/m? (assuming a ground covered by old snow) and
+11.63 W/ m? (fresh snow).

Carbonaceous aerosol has also been measured continu-
ously at Sonnblick since 2005, and shows annual variations
and concentrations similar to sulphate. Organic material
(OM) accounts for the largest contribution to total carbon
(TC). Approximately 10 % of OM can be attributed to wood
burning (summer: 4 %; winter: 23 %).

Because of the indirect effect of aerosol on the radiation
budget, knowledge about cloud formation processes and cloud
condensation nuclei (CCN) are extremely important. In Aus-
tria, CCN have been measured in various places (e.g., Rax,
Sonnblick, Vienna). Long-term measurements of CCN in Vi-
enna show that concentrations (at 0.5% supersaturation) are
between 160 cm® and 3 600 cm?, with an average of 820 cm’.
Although seasonal variations have not been observed, CCN
concentrations demonstrate large short-term variations, which
result from different meteorological situations (stable weather

conditions, passage of weather fronts).
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Figure S.1.6. Temporal variation of monthly mean values of particulate sulphate, nitrate and ammonium at the Sonnblick Observatory
from 1991 to 2009. Sources: Kasper and Puxbaum (1998); Sanchez-Ochoa and Kapser-Giebl (2005); Effenberger et al. (2008)

Overall, due to their complex processes and interactions,
the influences of aerosols on climate are a considerable scien-
tific challenge. They are the largest uncertainty factor in deter-
mining radiative forcing.

S.1.3  Past Climate Change

To enable current climate change to be seen in context, refer-
ence is made to natural climate changes that have significantly
shaped the current geological period, the Quaternary. When
interpreting these climate developments, consideration must
be given to the fact that the relevance of climate changes for
humans depends fundamentally on population and lifestyle.
For example, during the Pleistocene humans had not yet set-
tled and population was at about 1% of current levels.

The Pleistocene, which began 2.6 million years ago and
ended 11700 years ago, was shaped by an interplay between
long glacial periods and short interglacial periods, controlled
by changes in the parameters of the earth’s orbit (shape of its
orbit, and tilt and orientation of its rotation axis). The glacial
periods were characterized by a climate of enormous variabil-
ity, much larger than the climate variations that took place
during the Holocene. The Dansgaard-Oeschger events (chang-
es between very cold stadials and comparatively warm inter-
stadials) known from Greenland ice cores, originated in insta-
bilities in the large ice sheets and their interaction with deep
water circulation in the Atlantic. This underlines the synchro-
nous nature of high frequency glacial climate change at the
supra-regional level. During the coldest phases of the glacial
periods (the stadials) the Alpine foothills experienced arctic
climate conditions with very cold winters. The warm periods
were accompanied by abrupt decreases in seasonality (milder
winters), but were initially, around 75 000 years ago, too weak
to permit extensive reforestation in Austria. Toward the end
of the last glacial period (Wiirm), approximately 30 000 years
ago, a glacier advance beyond the Alpine foothills began. To

date, reliable paleo-climate data for the Alps do not exist: how-
ever, it is assumed that the average annual temperature was at
least 10°C below the corresponding temperature during the
Holocene, combined with a significant decrease in precipita-
tion toward the east.

Some 19000 years ago the glaciers in the Alpine foothills
and large Alpine valleys rapidly disintegrated. A number of
regional and local glacial advances, primarily in the large tribu-
tary valleys, occurred in line with the climate developments in
the North Atlantic—European region. Approximately 16500
years ago, precipitation in the central Alpine region was re-
duced to between half and one-third of current values and the
summer temperature was around 10°C below current values.
At the snow line of the glaciers that were then in existence, the
ablation period lasted only approximately 50 days, around half
the current duration. Winters were very cold and dry and com-
parable to present-day winters in the Canadian Arctic. Around
14700 years ago a period with considerably more favorable
inter-stadial conditions began within only a few decades, dur-
ing which time, forests returned to north Alpine valleys and
foothills. About 12900 years ago the massive climate setback
of the Younger Dryas began, the last significant cold phase in
the northern hemisphere, which ended within a period of a
few decades, 11700 years ago. In the Alps, this period was
characterized by considerable glacial advances in upper valley
areas, a significant lowering of the timber line, and increased
geo-morphological activity due to permafrost in non-glaciated
areas. The snow line was 300-500 m lower and the lower limit
of permafrost at least 600 m lower than during the middle
of the 20™ century. Summer temperature was approximately
3.5°C lower than during the middle of the 20™ century, and
annual temperature was lower still. In the central Alps precipi-
tation levels were approximately 20-30% lower than today,
whereas the outer regions of the Alps may have been wetter.

The climate during the Holocene. The first centuries of

the Holocene were characterized by glacial advances that were
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considerably more extensive than during the “little ice age™
there may have been permafrost in regions up to 200 m lower
than today. Summer temperatures during the earliest Holo-
cene were 1.5-2°C lower than in the 20" century, whereas
precipitation levels were comparable to today’s. A selection of
reconstructions of climate parameters from proxy data can be
found in Figure S.1.7.

The cold start to the Holocene was followed by significant
warming. According to reconstructions from various Austrian
climate archives, temperature values during the first two-thirds
of the Holocene were above the 20" century average. All proxy
data show a long-term temperature decrease of around 2°C
from the early to middle Holocene maximum values (i. ., un-
til approximately 7 000 years ago) to the preindustrial period.
The undisputed cause of this cooling trend is the decrease in
solar radiation to the northern hemisphere in summer, caused
by orbital variability. In contrast, another much discussed cli-
mate forcer, solar activity, demonstrates no comparable long-
term trend. Analysis of precipitation during the Holocene
shows no long-term development to date; rather multi-decadal
and multi-century periods with higher and lower levels of pre-
cipitation alternating. Periods with increased precipitation co-
incided with phases of reduced solar activity.

During the last 11000 years, glaciers in the Alps were char-
acterized by long periods with comparatively small expansion
during the early and middle Holocene (up to around 4000
years ago) and multiple and extensive advances in the follow-
ing millennia, which cumulated in the large glacier extent dur-
ing the “little ice age” (from approximately 1260 to 1840 AD).
The extent of glaciation during the early and middle Holo-
cene was beneath and above current levels, several times over.
However, alpine glaciers are currently not in balance with the
climate they are controlled by, which is manifest in the strong
melting that has been observed. It is thus difficult to directly
compare the current glaciation extent with earlier ones with
regard to climatic boundary conditions.

The climate of the last two thousand years. During the
last 2000 years there was a succession of warmer and colder
periods, which, on average, were colder than during the begin-

ning and middle of the Holocene. This time can be roughly
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Figure S.1.8. Anomalies in the annual mean air temperature for
Austria (1768 to 2011) and the global mean temperature relative to
the respective 20" century mean (1850 to 2011). Single values and
smoothed values using a 20-year Gaussian low pass filter. Source:
Béhm, (2012), source HISTALP (http://www.zamg.ac.at/histalp) and
CRU-data (http://www.cru.uea.ac.uk/data)/)

divided into four periods, starting with the relatively stable
and mild Roman warm period (from approximately 250 BC
to 300 AD). This was followed by an unstable period, through
to the end of the Roman era and during the early Middle Ages
(from approximately 300 to 840 AD), characterized by moist
and cold summers. This, in turn, was followed by a warmer,
more stable period (Medieval Warm Period, from approxi-
mately 840 to 1260 AD). Between 1260 and 1860 AD it was
considerably colder: only during individual decades were prov-
en warmer temperatures demonstrated. Because of the gener-
ally large glaciation shown to have existed during this period,
it is also referred to as the “little ice age.” Several minima of
solar activity and also climate-effective volcanic eruptions oc-
curred during this period. The significant increase in tempera-
tures during the 20% century measured by instrumentation is
reflected by the natural climate archives, even though many
proxy datasets ended in around 2000 AD and do not include
current climate developments in their entirety.

The instrumental period. The Austrian network of meteo-
rological monitoring stations is such that long-term climate
change in the 19% and 20™ centuries can be accurately de-
scribed. The oldest evaluable measurement series in Austria,

the Kremsmiinster series, dates back as far as 1767 and is one

Figure S.1.7. (Left page) Holocene environmental records and proxy-based climate reconstructions from Austria, the Alps and Greenland in
comparison with selected climate forcings. a) evolution of insolation during summer (June-July-August) and winter (December-January-Febru-
ary) at 47°N; b) reconstruction of solar variability for the last 9 000 years; c)oxygen-isotope record of the NGRIP ice-core, central Greenland;
d) simulation of the temperature evolution in July in central Europe over the last 9000 years until the pre-industrial period ; d) dendrochro-
nologically, i.e. calendar-dated, and 14C-dated evidences for shorter glaciers than today (=1990/2010 AD); f) established advances of

the glacier Gepatschferner beyond the glacier’s size in 1940 AD; g) tree-line record in the Kauner valley based on wood remain findings; h)
chironomid-based reconstruction of July temperature from lake Hinterburg, Switzerland; i) chironomid based reconstruction of July tempera-
ture from Schwarzsee ob Sélden; i) oxygen-isotope record of speleothems from the Spannagel cave; (k) lake-level high-stands of Lago di
Ledro during the last 5000 years; (1) lake-level high-stands in the foreland of the NW-Alps and the Jura. Source: Compiled for AAR14
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of the longest continuous weather records in Europe. Data
from stations in Vienna (old university observatory) and Inns-
bruck (university) can be used for climate analysis of the latter
part of the 18" century. Of particular note is the high-alpine
Sonnblick observatory, the weather records of which date back
to 1886. The measuring station is situated at the peak of “Ho-
her Sonnblick,” 3106 m above sea level, directly on the main
ridge of the Alps.

In Austria, the temperature has risen by nearly 2°C in the
period since 1880, compared with a global increase of 0.85°C.
The increase can be observed particularly in the period after
1980, during which global temperatures rose by approximate-
ly 0.5°C, compared with an increase of approximately 1°C in
Austria (virtually certain, Figure S.1.8; Volume 1, Chapter 3).
Seasonal temperature developments did not always run parallel
to the annual average; nevertheless, warming has occurred dur-
ing all seasons since the mid-19* century, with lowest increases
taking place in the autumn. The cooling effect of anthropo-
genic aerosols (“global dimming”) likely played an important
role in the temperature stagnating to decreasing during the
three decades from about 1950 to 1980; this masked the effect
of GHG emissions that were already on the increase.

Temperature developments in higher air layers, derived

from homogenized radiosonde measurements, are very simi-

by R. Bshm (2012), source HISTALP
http://www.zamg.ac.at/histalp

lar at 3000 m above sea level to developments at high alpine
stations. The higher warming trend observed in the Alpine
region, when compared to the global average, gradually de-
creases to typical mid-latitude warming trends in higher lay-
ers. A significant temperature decrease can be observed in the
stratosphere (13 to 50 km above sea level) above Austria, and
also globally.

Air pressure at lowland stations demonstrates a very long-
term increase from the middle of the 19 to the end of the 20
centuries, which was replaced by an abrupt change in trend to
decreasing air pressure in around 1990. Air pressure at Alpine
high altitude stations is also influenced by the temperature of
air masses below the measurement stations. Because of the
warming of air masses below, these stations show a stronger
positive pressure trend and no pressure decrease since 1990.
This deviating trend in air pressure at high Alpine observato-
ries, when compared with lowland trends, is a confirmation of
warming that does not depend on thermometer measurements.

In the past 130 years the annual duration of sunshine
at mountain stations in the Alps has increased by around
20 %, or more than 300 hours. The increase was higher in
summer than in winter (virtually certain, Volume 1, Chap-
ter 3). Due to increased cloudiness and an increase in air pollu-

tion from 1950 to 1980, the duration of sunshine in summer
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decreased significantly, particularly in valleys. The sustained
trend of more sunshine since 1980 is accompanied by more
and longer summer fair-weather periods.

Unlike temperature developments, developments in pre-
cipitation demonstrate considerable regional differences
during the past 150 years: while levels of precipitation have
increased by around 10-15% in western Austria, the south-
east has seen a decrease of similar proportions (Figure S.1.9).
In inner Alpine regions and in the north, decadal variations
predominate. All parts of Austria were particularly dry during
the 1860s. Such values have only been reached or undercut in
the southeast during the dry 1940s and the persistently dry
decades after 1970.

There were decades with high levels of precipitation in the
first half of the 19" century. This played an important role
in the glacial advances during this period, which led to the
two maximum glacier levels in around 1820 and in the 1850s.
There was also high annual precipitation in the decades be-
tween 1900 and 1940 (almost continuous in inner Alpine
regions and in the southeast, reduced in the west and inter-
rupted by an arid phase in around 1930 in the north). This
was followed by lower levels of precipitation in the north and
in inner Alpine regions, that were followed again by a marked
change in the 1970s and — particularly in northern and north-
eastern Austria — a new precipitation maximum in the first
decade of the 21 century. Current levels of precipitation in
the west are also at their highest since measurements began in
1858. In inner Alpine regions current precipitation levels are
around the long-term 20™ century average, in the southeast —
in the course of the decreasing long-term trend — around 10 %
below the long-term 20 century average.

In mountainous Austria, climate change at higher eleva-
tions is of great importance. The climate series from Hoher
Sonnblick (3106 m) are considered to be representative for
a high mountain climate. According to these measurements,
temperature increase in high mountain regions is similar to
that in valleys, although a considerably stronger increase in
sunshine can be observed, which can be attributed to Eu-
ropean clean air measures. There has been a clear shift from
snowfall to rain; at Hoher Sonnblick about 30 % of precipita-
tion is presently rain. Average air pressure is increasing in the
mountains — a sign that the lower-lying air masses are warm-
ing. A significant decrease in glacier volume and extent and
melting of permafrost have also been documented (Volume 1,
Chapter 5).

Austria has very good long-term meteorological measure-
ment series, offering a high potential for the integration of

data analysis and model simulations. International coopera-

tion would lend itself very well to the compilation of high-res-
olution datasets, both temporally and spatially, for the Alpine
region and Europe. It would also be beneficial to strengthen
less well developed measurement networks, such as those for
measuring GHGs, aerosols, and radiation.

S.1.4  Future Climate Change

To make geographically detailed statements about the future
climate, primarily regional climate models are applied, which
are integrated into the results of global climate models. As with
global models, the results of different models are analyzed to
differentiate between robust and less robust results. There are a
number of simulations of both past and future climate cover-
ing the Alpine region and Austria. In the following, simula-
tions based on the A1B emission scenario — a scenario with
a medium to large increase in GHG concentrations — will be
the main focus of analysis. Using one scenario enhances the
comparability of results. Using this particular scenario makes
the changes more apparent than a more optimistic scenario
(with lower emission increases) on the one hand, and is closer
to current emissions trends, on the other. Furthermore, this
choice is more consistent with the precautionary principle, de-
scribed earlier.

In Austria a further temperature increase is to be ex-
pected (very likely, Volume 1, Chapter 4; sce also Figure
S.1.10). In the first half of the 21* century temperature will
increase by approximately 1.4°C compared to today’s tem-
perature level. This increase is not greatly affected by assump-
tions about future greenhouse gas emissions because of inertia
in the climate system and the longevity of greenhouse gases
in the atmosphere. The temperature development thereafter,
however, is strongly dependent on anthropogenic greenhouse
gas emissions in the coming years, and can therefore be influ-
enced (very likely, see Volume 1, Chapter 4). Figure S.1.10
shows the temperature development in Austria from 1800 to
2100 as a deviation from the average temperature during the
period 1971 to 2000, for the A1B emissions scenario. The an-
ticipated medium temperature increase in the Alpine region
for the period 2021 to 2050 compared to the reference period
1961 to 1990 is +1.6°C (0.27°C per decade) in winter and
1.7°C (0.28°C per decade) in summer. Further and acceler-
ated warming of the Alpine region is projected by the end of
the 21 century in the A1B emissions scenario.

In the 21* century, an increase in precipitation in the
winter months (around 10 %) and a decrease in the summer
months (around 10-20%) is to be expected (likely, Volume

1, Chapter 4). The annual average shows no clear trend, as the
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Figure S.1.10. Mean surface temperature in Austria since 1800
(instrumental observations, in colour) and expected temperature
development until 2100 (grey) for one of the higher emission

IPCC scenarios (IPCC SRES A1B), shown as a deviation from the
mean 1971 to 2000. Columns represent annual means, the line
smoothed values over a 20 year filter. The slight temperature drop
until almost 1900 and the strong temperature increase (about 1°C)
since the 1980 s can be clearly seen. For this scenario, a tem-
perature increase of 3.5°C until the end of the century is expected
(RECLIP Simulations). Source: ZAMG

Alpine region lies in a transition region between two zones
with opposing trends (likely, Volume 1, Chapter 4). Figure
S.1.11 shows how precipitation develops in Austria (divided
into two regions, northwest and southeast) for winter and
summer from 1800 to 2100, as a deviation from the average
during the period 1971 to 2000. On the basis of several mod-
els, a tendency toward precipitation increase north of the Alps
in spring, summer, and autumn can be expected, whereas the
southern and western parts of the Alpine region exhibit de-
creases. However, these geographically differentiated precipita-
tion changes are subject to a high level of uncertainty. Figure
S.1.12 shows the annual cycle of changes for the periods 2021
to 2050 and 2069 to 2098 based on an ensemble of models.
Although the trend described toward increased precipitation
in winter and decreased precipitation in summer can be identi-
fied in the median in the first half of the century, models show
no agreement about the direction of the changes in this period
(left panel). Toward the end of the 21* century, the A1B sce-
nario shows a clear trend toward drier conditions in summer
(approximately 20 % less precipitation) and wetter conditions
in winter (approximately +10 %).

Similar to the trends in precipitation, global radiation
(shortwave solar and sky radiation) shows almost no change
throughout the year until the middle of the 21 century.
However, toward the end of the 21 century a significant
increase can be observed in summer and a decrease in win-

ter (Figure S.1.12). This is consistent with projections of

precipitation, as precipitation-producing clouds shield solar
radiation.

The clear decrease in relative moisture, approximately 5 %
by the end of the century, is a result of the lower amounts
of precipitation during summer months. Projections of wind
speeds are subject to high levels of uncertainty — models proj-
ect both positive and negative trends — although most models
anticipate a decrease in wind speeds rather than an increase by
the end of the century (Figure S.1.12).

Methodological advances to optimize the interface between
purely physical climate modelling and the ever more impor-
tant investigation of regional impacts of climate change are
necessary and promise a comparatively quick increase in qual-
ity of climate impact research. This also requires a better un-
derstanding of small-scale processes and extreme events.
S.1.5  Extreme events
Extreme weather events can have significant impacts on na-
ture, infrastructure, and human life. They are, however, statis-
tically difficult to determine, as changes in rare events can only
be identified in long time series — the more extreme the event,
the longer the time series required. Uncertainty regarding
frequency and intensity of small-scale extreme events such as
thunder- or hailstorms also results from a lack of geographical
and temporal resolution of the available climate data and mod-
els. In Austria statistical analysis of extreme events is rendered
difficult by the fact that most of the older time series with
daily data were lost in World War II and only time series with
monthly mean values remain. Furthermore, the strong non-
linearity of the phenomena that lead to extreme events has still
not been fully resolved scientifically and remains a challenge.
However, some statements can be made about extreme events,
particularly if the considerations or calculations are based on
the atmospheric processes that underlie such events.

Temperature extremes are increasing (heat). Analyses
based on homogenized daily temperature extremes since 1950
show an increase in hot days and warm nights across Austria.
In parallel to these developments, cold days and cold nights
have decreased significantly. With the increase in temperature
extremes, the number of frost days and ice days has decreased.
In the 21* century temperature extremes, for example the
number of hot days, will increase significantly (very likely,
Volume 1, Chapter 4). According to model projections, tem-
perature in Austria will increase by 4 °C during hot periods in
summer by the end of the 21* century. At the same time the
frequency of heat waves will increase from around 5 to around

15 per year by the end of the century. At the two hottest Vien-
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Figure S.1.11. Precipitation development in Austria since 1800 (instrumental observations) and expected development to 2100, shown as a

deviation from the mean 1971 to 2000. Bars at the top show the winter season (December to February, DJF), the bars at the bottom the sum-
mer season (June to August, JJA). The region of Austria is divided (north-west and south-east) into two regions. The observational data for the
past stem from the HISTALP database, scenarios for the future from the 22 ensemble simulations (www.ensembles-eu.org, grey bars for single
years) and from reclip: century (http://reclip.ait.ac.at/reclip_century, coloured bars for the time slices 2021 to 2050 and 2071 to 2100)

nese stations, the number of hot days will increase from on
average around 15 currently to around 30 by the middle of
the century and between 45 and 50 by the end of the century.
At the same time, the number of cold nights with frost in the
inner city will decrease from around 50 events currently, to
fewer than 40 by the middle of the century and just over 20
by the end of the century (Volume 1, Chapter 2; Volume 1,
Chapter 4).

Cities in particular will be affected by temperature extremes,
as the effects of urban heat islands are superimposed on to cli-
mate change. In Vienna, as an example of urban space, a sta-
tistically significant increasing trend in the temperature differ-
ence between the city and its surroundings has been observed
since 1951. High temperatures during the day and less cooling
during the night lead to negative health effects in the urban
population (Volume 1 Chapter 5; Volume 3, Chapter 4). In

future, with further increases in temperature, heat stress will

present a significant challenge for urban areas. In this con-
nection an increased demand for energy for cooling can be
expected, while at the same time the demand for heating will
decrease (Volume 3, Chapter 5). Urban-planning measures,
such as compact building structures with ample ventilation,
adequate shade, greening roofs, facades, and streets and light-
colored surfaces, can significantly reduce urban heat stress.
Given the long-term nature of urban planning and the ex-
pected increase in heat stress for the population, timely plan-
ning of such measures is of utmost importance (Volume 1,
Chapter 5).

Due to insufficient data, statements about the change in fre-
quency of damage-inflicting precipitation events are subject to
significant uncertainty. Extreme-value indices, derived from
homogenized time series of daily precipitation sums, and in-
tensity of precipitation or maximum daily precipitation sums,

show neither statistically significant nor consistent trends to
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Figure S.1.12. Annual cycle of expected monthly mean change of temperature (T), precipitation (P), global radiation (G), relative humid-
ity (RH), and wind speed (WS) in the Alpine region relative to the reference period 1961 to 1990 for the SRES A1B-Scenario. Left column:
2021 to 2050, right column: 2069 to 2098. The blue line indicates the median, the grey shading the 10-90™ percentile range of the multi
model ensemble. Source: Gobiet et al. (2014)
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date. Large-scale extreme precipitation events have tended to
increase since 1980.

Climate models indicate more extreme events in future.
However, to date almost all model studies on future precipi-
tation extremes consider only changes in mean values on a
seasonal basis or the probability of exceeding defined percen-
tiles for large areas. Statements regarding the intensity and
frequency of future extreme events become more robust the
larger the spatial or temporal scale of the extreme event (e. g.,
large-scale dry spells; Volume 1, Chapter 4). In general, the
more detailed analyses of precipitation extremes are, then the
larger the uncertainties and differences between models. Re-
sults of simulations of high-resolution regional models often
demonstrate geographical patterns of climate signals for the
future that are of such complexity that a clear interpretation
is impossible. This is particularly true for extreme convective
precipitation events, as frequently occur during fair weather
in summer or in the Alpine foothills (Volume 1, Chapter 3;
Volume 1, Chapter 4).

The potential for increased probability of heavy precipita-
tion can be deduced from a warmer future atmosphere con-
taining more water vapor. From autumn to spring extreme
precipitation events will probably increase (Volume 1, Chap-
ter 4). For Central Europe, models show that the number of
days with precipitation and the intensity of precipitation will
increase by 10% during the winter. There will, however, be
differences across Central Europe as to whether multi-day
heavy precipitation events, which pose a considerable risk of
floods due to soil water saturation, will increase or decrease.
During summer months in Austria, an increase in intensity of
17-26 % of 30-year precipitation events has been projected for
the period 2007-2051, in comparison with the period 1963—
2006. The increase in precipitation intensity during autumn
appears to be particularly distinct in the southeast and east of
Austria — this may be an indication for a change in frequency
of weather patterns in the eastern Alpine region (Volume 1,
Chapter 4).

The climate of the Mediterranean is of particular impor-
tance for flood risk in Austria because air masses can quickly
become enriched with moisture over the Mediterranean Sea
and carried into the Alpine region. In particular, the pro-
nounced precipitation maximum in October in southern Aus-
tria can be attributed to low pressure areas moving in from
the Mediterranean (particularly those on “Vb-tracks”) and
the high surface temperature of the Mediterranean Sea at that
time of year. Many disastrous floods in the past have been at-
tributed to cyclones on Vb-like tracks, including the events
in July 1997, August 2002, and August 2005. Although it is

not possible to quantify the potential future changes in the
frequency of precipitation-intense Vb-track cyclones, it is
clear that a warmer Mediterranean Sea in future could lead
to more precipitation-intense Vb-cyclones and consequent-
ly increase the risk of extreme floods in Austria (Volume 1,
Chapter 4).

No long-term increase in storm activity, deduced from
homogenized daily air pressure data, could be detected, de-
spite a number of major storm events in the past years. For the
future, no change can yet be inferred. Models indicate a weak
decrease in maximum daily wind speeds of 20-year events.
However, the details of the results are uncertain and, depend-
ing on the model, range from +10% to -10% (Volume 1,
Chapter 4).

Changes in the frequency or intensity of thunderstorms
and hail are among the most relevant but also most challeng-
ing questions in climate research. Analysis of weather condi-
tions conducive to hail storms shows a weak but statistically
significant increase in the potential for hail storms in Central
Europe over the past decades. Regional models do not indicate
any change for the future (2010 to 2050) in this regard (Vol-
ume 1, Chapter 4).

Investigations into aridity show a three-fold increase in
the likelihood of the occurrence of drought in future climate,
2071-2100, compared to the past (1961-1990) for the SRES
A1B scenario. The length of dry periods also increases and soil
moisture content drops below present levels. As models cannot
yet determine, with sufficient reliability, regional precipitation,
local soil moisture, and the persistence of atmospheric circu-
lation, these projections remain subject to significant uncer-
tainty (Volume 1, Chapter 4).

Lake Neusiedl, a shallow lake with highly variable water
levels depending mainly on precipitation (Steppensee), will be
particularly affected by aridity. Lake Neusied! has significant
influence on regional climate, is important for tourism, water
sports, shipping, and fisheries and has unique fauna and flora.
Despite infrastructural measures being in place to regulate wa-
ter levels, the water budget is influenced mainly by natural
factors that depend largely on climate. Slightly lower precipita-
tion levels during the period 1997-2004 with increasing tem-
peratures led to continuously decreasing water levels in Lake
Neusiedl. In particular, the low water level in the year 2003,
caused by extremely low annual precipitation and high air and
water temperature, raised the question as to whether, subject
to future climate conditions, the lake would dry up. Studies
showed that warming of 2.5°C would lead to an increase in
evaporation of over 20 %. To compensate for this loss of water,

precipitation would need to increase by approximately 20 %,
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which, according to current climate scenarios, is unlikely. A
succession of dry years in future could lead to very low water
levels or even to the lake drying up. Water management mea-
sures could temper but ultimately not hinder this process. It is
expected that even a moderate decline in the water level would
have significant ecological and economic impacts. Therefore,
both mitigation (supplying additional water) and adaptation
strategies, such as diversifying tourism activities and extend-
ing the spring and autumn seasons, are being considered (Vol-
ume 1, Chapter 5).

S.1.6  Thinking Ahead: Surprises, Abrupt
Changes and Tipping Points in the Cli-
mate System

Unexpected weather situations and new surprising research
results often help to close knowledge gaps. A surprising devel-
opment in recent times was the hypothesis that the decline in
sea ice in the Arctic might directly influence the duration of
winter in Europe, the snow pack, and the temperature levels,
and, in particular, that it could lead to more frequent intrusion
of cold Arctic air masses causing extremely cold conditions in
Europe. The decline in Arctic sea ice is an example of unex-
pected abrupt changes in the climate system that could also
occur in other elements of the system. In particular, exceed-
ing the so-called tipping points could lead to positive feedback
loops and thus to irreversible and very extreme changes in the
global climate system (Volume 1, Chapter 5).

Such disruptions are hard to predict; however, it is known
that various components or phenomena of the climate sys-
tem have experienced abrupt and partly irreversible changes
in the past. The question regarding the occurrence of tipping
points in the future can be neither definitely negated nor con-
firmed. However, it is assumed that increasing temperatures
generally and warming of more than 2°C over pre-industri-
al levels in particular, will increase the likelihood of abrupt
changes. Tipping points can occur not only in the climate sys-
tem, but also in other natural, political, economic, and social
systems as a result of climate change. Such processes imply
enormous impacts on human civilization, and the precaution-
ary principle requires that they be considered when political,
economic, and societal decisions are being made (Volume 1,
Chapter 5).

S.2 Impacts on the Environment and
Society

S.2.1  Introduction

Humans and the environment are connected inseparably.
The impacts of climate change therefore need to be considered
in an integrated manner for the human-environment system
(Figure S.2.1; Volume 2, Chapter 1).

The current epoch is also referred to as the Anthropo-
cene. There are (with a few exceptions) very few places and
subsystems on the planet that are not influenced by human ac-
tivity. As humans have become the dominant driver of change
on our planet, the term Anthropocene (the Greek “anthropo”
meaning human and “cene” meaning new) was coined for the
current geological epoch (Volume 2, Chapter 1). The manifold
human influences on the environment — of which anthropo-
genic climate change is just one aspect — make it difficult to
link observed changes to changes in the climate system in some
areas (Volume 2, Chapter 4). To understand the complexity of
the current situation and identify possible solutions with regard
to future developments, human being must be taken into ac-
count as the central driver at all scales (Volume 2, Chapter 1).

Climate change has both direct and indirect impacts on
humans and the environment (Volume 2, Chapter 1). Direct
impacts occur where changes in climatic parameters such as
temperature or precipitation have immediate effects. Indirect
impacts are impacts in which climate change becomes effective
through its influence on another process in the system. In the
case of the impacts of climate change on soils, for example,
there needs to be differentiation between i) direct effects of
temperature on soil-borne processes (such as weathering or
the effects of increased extreme precipitation on soil erosion)
and ii) indirect effects via the climate influence on vegetation
rooted in the ground (where, for example, dead organic mate-
rial influences humus formation) (Volume 2, Chapter 5). In
certain cases the indirect effects of climate change can have
stronger impacts than the direct effects (Volume 2, Chapter 5;
Volume 2, Chapter 6).

The causes and impacts of climate change are often decou-
pled both temporally and geographically. Humans are both
affected by climate change and drivers of it. The local actions
of every individual affect the global energy balance of the at-
mosphere. Global climate change associated with these effects,
has very different characteristics regionally and locally; it has
multiple consequences that often occur with significant delay.
The same principle applies to climate protection. The effects

of individual contributions to climate protection are not im-
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mediately discernible either temporally or spatially. Regions
which contribute over-proportionally to climate protection
do not experience a comparably larger reduction in warm-
ing or otherwise reduced climate impacts. This dilemma of
geographical and temporal decoupling of cause and effect is
probably the most salient factor leading to the poor grasp of
the seriousness of global climate change that currently exists.
This, in turn, leads to the unfortunate lack of acceptance of
necessary measures, both in mitigation and adaptation terms,
to deal with climate change. The geographical-temporal de-
coupling of cause and effect also complicates the question
of polluter and damaged parties/beneficiaries as well as the
global responsibility for climate change. On a global level the
societies most vulnerable to climate change are often not the
main polluters, whereas the actual polluters profit from many
of the advantages resulting from climate change. This raises
questions of climate justice (Volume 2, Chapter 1).

The complex impacts of climate change on the human-
environment system can be described in terms of vulnerabil-
ity, resilience, and capacity. The complexity resulting from
the decoupling of causes and impacts, together with the non-
linear interactions across spatial and temporal scales, means
that a systematic approach must be taken to the analysis of
climate impacts. Vulnerability describes the extent to which an
exposed system is susceptible to disruptions or stress; it also re-
fers to how restricted that system is in its ability to cope with or
overcome these challenges. As such, it is a measure of the sensi-
tivity of the human-environment system to the negative effects
of climate change at any given stage; it also describes its abil-
ity or lack of ability to overcome the consequences of climate
change. Vulnerability is counteracted by resilience. Resilience

expresses the ability of an individual, society, or system to cope

Figure S.2.1. Interfaces between global drivers
system und local/regional human-environmental
systems as a response systems between the natural
spheres and the anthroposhere

with or overcome an adverse influence. The idea of resilience
was based originally on the concept of ecosystems ability to
withstand disruptions without changing in structure or col-
lapsing. More recently, the concept of resilience has also been
used with respect to social systems, for example, in the field of
natural hazards and risks. Here, resilience refers to the ability
of individuals or social groups to compensate for external stress
factors and disruptions, resulting from ecological, social or po-
litical influences and to be able to plan in a future-oriented
manner. The nature of vulnerability and resilience implies that
they are mainly used to refer to potentially negative changes
in the system, while possible positive developments leading
potentially to an improved state of the system are neglected.
Therefore, separate reference is often made to the capacity of
a system to pick up and develop a specific impulse toward an
improved state of the system, described as “absorptive capac-
ity”. Here the focus is on capacity building, which then can
contribute to the adaptation to changing conditions in the
sense of adaptive capacity (Volume 2, Chapter 1).
Adaptation to climate change is necessary to cushion
or deter negative impacts and avoid ruptures in the sys-
tem. Despite all the efforts to mitigate a further increase in
the human-induced greenhouse effect, climate change in the
21 century is inevitable; only its scale is still undetermined.
Adaptation is a guiding principle that is essential for survival
and that can contribute to avoiding ruptures in, or a collapse
of, the human-environment system. Adaptation activities are
goal-orientated and aim either to reduce risks or to achieve
positive developmental potential. Mitigation and adaptation
to climate change (Volume 3, Chapter 1) are closely connected
— the need for adaptation becomes greater, the less mitigation
measures take effect. The ability of a system to adapt depends
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adaptability

on the one hand on vulnerability, resilience, and capacity, and
on the other hand on the intensity of climate change (Figure
S.2.2). In general, the adaptive capacity of a system needs to be
considered in medium- to long-term time scales; it therefore
possesses, comparable to the sustainability principle, a genera-
tion-spanning dimension (Volume 2, Chapter 1).

The concept of ecosystem services makes it possible to
quantify some of the ecological impacts of climate change and
their effects on society. The concept of ecosystem services — in-
troduced in the Millennium Ecosystem Assessment — quanti-
fies the services of ecosystems that are provided by nature and

used by humans. Ecosystem services fall into four categories:

1. Provisioning services: products, which are directly removed
from ecosystems (e.g. foodstuffs, drinking water, wood,
combustibles, herbal medicines).

2. Regulating services: such as the regulation of climate and
air quality, reduction of extreme events, and biological pest
control.

3. Cultural services: such as recuperation, experience and edu-
cation in nature, spiritual and aesthetic values.

4. Supporting services: services of ecosystems that are neces-
sary to provide for the first three categories (e. g. photosyn-

thesis, material cycles, and soil accumulation).

As ecosystems react sensitively to changes in climate and as
the services that humans obtain from ecosystems are affected
by these changes, ecosystem services provide a good indicator
with which to evaluate the impacts of climate change on the
human-environment system. Furthermore, (long-term) moni-
toring of ecosystem services provides the possibility of quanti-
fying the indirect effects of climate change that are sometimes
difficult to grasp (Volume 2, Chapter 1; Volume 2, Chapter 3).

g

improvement

Figure S.2.2. Open concept of adaptability,
based on the open risk concept. Possible future
conditions that may exist in Austria are a function
v of its adaptability; Source: Coy and Stétter (2013)

deterioration

S.2.2  Impacts on the Hydrological Cycle

Snow: The snow fall limit has retreated since 1980, and the
change is particularly pronounced in summer. The retreat in
winter is small compared to variability. These developments
are in accordance with the considerably larger increase in air
temperature in summer than in winter (Volume 1, Chapter 3;
Volume 2, Chapter 2). Because of the increase in temperature,
the snowline is projected to retreat by 300 to 600 m by the end
of the century, or approximately 120 m per 1°C of warming.

The duration of snow cover has decreased in the past de-
cades, particularly at intermediate altitudes (around 1000
m above sea level). As both the snow fall limit — and conse-
quently the increase in snow pack and snow melt — are temper-
ature-sensitive, a decrease in snow depth is expected at inter-
mediate altitudes due to the continued increase in temperature
(very likely, Volume 2, Chapter 2 and 4). Model calculations
show an average decrease in snow cover duration of 30 days,
for the 1000-2000 m altitudinal belt. At low levels (<1000
m) and high levels (>2000 m) the decrease will only be for
approximately 15 days. Projections show that the south and
southeast of Austria are particularly affected by the decline,
with a future average duration of 70 days of snow cover. Snow
cover comparable to today’s levels will be found in areas shifted
upwards by about 200 m by the middle of the 21* century
(Volume 2, Chapter 2).

In lower and medium altitudes a climate-induced reduc-
tion in snow avalanches is expected. (Volume 2, Chapter 2
and 4). The decreasing amount of solid precipitation at low-
er-to-medium altitudes leads to reduced levels of fresh snow,
which in turn reduces avalanche activity. At higher altitudes,
levels of fresh snow could increase, although due to chang-

ing temperatures, a shift from powder snow avalanches to wet
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snow avalanches can be expected. When looking at changing
avalanche activity, changes in forests must also be considered
(Volume 2, Chapter 3). An increase in forest density at high
altitudes can have a dampening effect on avalanche activity
(Volume 2, Chapter 4).

Glaciers: All surveyed glaciers in Austria have significantly
declined in area and volume in the period since 1980. In the
southern Otztaler Alps, the largest connected glacier area in
Austria, for example, glacial area has shrunk from 144.2 km?
in 1969 to 126.6 km? in 1997 to 116.1 km? in 2006 (Vol-
ume 2, Chapter 2). Between 1969 and 1998 Austrian gla-
ciers lost a total of around 16.6% of their area (Volume 2,
Chapter 2).

Austrian glaciers have reacted particularly sensitively to
summer temperature during the period of decline since 1980.
It is therefore expected that by the year 2030 the ice volume
and the area of Austrian glaciers will have declined to half
of the mean values of the 1985-2004. In terms of future loss
of glacier mass, the climate scenario chosen plays a quite minor
role, as a substantial part of future loss of mass is a (delayed)
consequence of past climate change. In the most favorable sce-
nario, Austrian glaciers will stabilize at around 20 % of current
ice volume by the end of the 21* century, whereas the extreme
scenario leads to an almost entire melting of glaciers in Aus-
tria (Volume 2, Chapter 2). With rock glaciers, an increase in
temperature at first leads to an acceleration of movement, an
increase in the depth of the summer active layer, and a decrease
in the ice content, that, at some point, causes an acceleration

of movement (Volume 2, Chapter 4).

"N

Figure S.2.3. Observed (green) and estimated (red)
surface water temperatures (OF) in lakes for 2050
during the bathing season (June to September). The
columns indicate the mean, the lines the maximum

and minimum values between 2001 and 2005; the
estimates for 2050 are based on a linear trend. Source:
Dokulil (2009)
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Runoff: Annual runoff in Austrian streams and rivers will
tend to decrease due to the temperature-related increase in
evaporation. Regionally, a strong decrease in annual runoff is
expected in the south of Austria. Austria-wide projections of
runoff decreases are between 3 and 6% by the middle of the
21 century and between 8 and 12% by the end of the cen-
tury. They vary according to the climate scenario selected and
the respective projection model. How far these decreases will
be compensated for or intensified by changes in precipitation
is still unclear because of the high level of uncertainty in pre-
cipitation projections (Volume 2, Chapter 2).

A climate-induced shift in the seasonal runoff character-
istics of Austrian streams and rivers is very likely. Low water
levels during winter in the Alpine region will tend to rise due
to an increase in winter temperature and an earlier start of
snow melt. For summer run-off, a slightly decreasing trend is
expected, which will be considerably more pronounced in the
south (Volume 2, Chapter 2).

The maximum annual flood flow rates have increased
in around 20 % of the catchment areas during the past 30
years. Small catchment areas north of the main Alpine ridge
are particularly affected. Across Austria, winter floods have in-
creased significantly more than summer floods. The influence
of climate change on these events cannot be proven at present
because the increased number of floods over the past decades
still falls within the bounds of natural variability. In future a
temporal shift in the occurrence of floods toward earlier spring
floods and more winter floods, particularly in northern Aus-
tria, is expected (Volume 2, Chapter 2). The damage potential
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Precipitation
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Figure S.2.4. Average values of the water balance for Austria during the period 1960 to 2000. Source: Central Hydrographical Buro, Austri-
an Federal Ministry of Agriculture, Forestry, Environement and Watermanagement, Dep. 1V/4 Water Balance

of heavy precipitation in settlement areas — due particularly
to the inadequate size of sewage networks, which do not have
the capacity to absorb and discharge the volume of precipita-
tion — is estimated to be high (Volume 2, Chapter 6). Due to
the uncertain development of climate extremes (in particular,
heavy precipitation), reliable projections of future changes in
floods are not possible to date (Volume 2, Chapter 2).

In the past decades, water temperatures in lakes as well as
streams and rivers have risen and are expected to continue to
rise further. In the period from 2001 to 2005 lake tempera-
tures during the swimming season (June to September) were
0.9°C (Traun catchment area), 1.3°C (Carinthian lakes), and
1.7°C (Ager catchment area) higher than during the 1960—

1989. The mean temperature increase across all measurement

stations in flowing waters since the 1980s is 1.5°C in sum-
mer and 0.7°C in winter (Volume 2, Chapter 2). In future, a
further increase in water temperatures is expected, with lakes
more affected than flowing waters. By the middle of the cen-
tury, temperatures during the swimming season are expected
to rise on average by between 1.2 and 2.1°C in Carinthian
lakes and between 2.2°C and 2.6°C in most Salzkammergut
lakes (Figure S.2.3). In flowing waters an increase in tempera-
ture of 0.7°C-1.1°C in summer and 0.4°C-0.5°C in winter
is expected by 2050 (Volume 2, Chapter 2).

Groundwater, soil moisture: In most areas of Austria, a
decrease in ground water since the 1960s and a considerable
increase in ground water since the middle of the 1990s have

been observed. These fluctuations can largely be attributed to



Synthesis

natural climate variability and changes in regional ground wa-
ter use. Between 1976 and 2008, a decreasing trend in the an-
nual average ground water levels was observed at 24 % of mea-
suring stations, and an increasing trend at 10% (Volume 2,
Chapter 2).

In future, average soil moisture content and groundwater re-
newal will decrease moderately. While only very small changes
in soil moisture are expected during the vegetation period un-
til 2050, a slight decrease is expected for the months March to
August during the period 2051 to 2080. Moreover, no large-
scale change is expected in groundwater renewal until the
middle of the century. Different climate scenarios yield differ-
ent results with regard to groundwater renewal for the second
half of the century; especially in the non-alpine areas, projec-
tions vary between +5 % and -30 %. For the south and south-
east of Austria decreases are expected (Volume 2, Chapter 2).

Water balance: The water balance in Austria is currently
characterized by higher water supply than demand. For the
reference period from 1961 to 1990, average annual precip-
itation was between 1140 and 1170 mm (mm = liters per
square meter), whereas industrial use was 20 mm, household
use 8 m and agricultural water demand 2 mm (Figure S.2.4).
In future, evaporation (currently 500-520 mm) is expected to
increase, and runoff (currently 650-690 mm) is expected to
decrease slightly. From a water management perspective, there
is no real need to act until the middle of the 21* century, al-
though areas with currently low water resources (particularly
in the east and south of Austria) will need to adapt (Volume 2,
Chapter 2).

Domestic water demand has decreased slightly in the past
decades, and this trend is set to continue in future. This de-
creasing trend is due to more efficient water use in house-
holds and businesses and lower losses in water pipe networks.
While the average Austrian household water consumption was
135 liters per person per day in 2011, specific consumption
will decrease to approximately 120 liters per person per day by
2050 (Volume 2, Chapter 2).

The majority of agricultural water demand in Austria is
rain-fed. However, in the east and in some locations in the
southeast of Austria, water for irrigation is already needed now:
groundwater and to a lesser extent surface water is being used.
As a result of rising temperatures the water demand of agricul-
tural crops will also rise, which means that particularly in the
east and southeast, irrigation demand will increase in the
long run (Volume 2, Chapter 2). Salinization of soils could

occur as a result of increased irrigation (Volume 2, Chapter 5).

S.2.3  Impacts on Topography and Soil
Topography is determined by long-term geomorphological
forces, although short-term forces such as climate factors can
be superimposed. The large Alpine valleys e.g., were essen-
tially shaped by the ice ages during the past 400000 years;
they are currenty undergoing many short-term topographi-
cal changes (e.g., through landslides) which are decisively
influenced by current (and future) climate factors, particu-
larly temperature, radiation, and precipitation. (Volume 2,
Chapter 4).

In addition to natural geomorphic processes, topography in
Austria is also strongly influenced by human activity. Society
changes the natural frequency and magnitude of geomorpho-
logical processes such as mudslides and landslides through, for
instance, land use change or surface modifications (e. g., drain-
age). Moreover, society also shapes and modifies the material
environment, thereby changing process flows in the terrain
(e.g., through the construction of infrastructure or expansion
of land use). Society also steers geomorphic processes (e.g.,
through river engineering, slope drainage, and changing veg-
etation) and can also act as a catalyst (e.g., floods or snow
avalanches caused by malfunctioning of protective structures).
Climate-induced changes in geomorphological processes and
topography take effect in parallel with human influences. The
influence of human and climate factors take effect sometimes
ina reinforcing manner, sometimes in a diminishing manner,
and their effects are often asynchronous (Volume 2, Chap-
ter 4; Volume 2, Chapter 1).

Increasing heavy precipitation, extended precipitation
events, or increased warm air advection during snow cover
can enhance susceptibility to landslides. In this context, the
type of land cover (e. g., forest, arable land, grassland) is of par-
ticular significance. On the whole, human interventions (e. g.,
land use change) are considered to be of greater importance
for future landslide events than climate change. In general,
there are still high levels of uncertainty regarding the future
developments of landslides (Volume 2, Chapter 4; Volume 2,
Chapter 5).

It is assumed that the frequency and magnitude of carth
slides and flows as well as debris flows will increase in future.
In particular, local increases in thunderstorms or extended pre-
cipitation events could lead to a future increase in landslide
and flow and debris flow activity. Furthermore, the climate-
induced decrease in permafrost and the decline of glaciers
(Volume 2, Chapter 2), could lead to an enhanced danger of
mudslides and rock falls as unsecured material becomes uncov-

ered (Volume 2, Chapter 4).
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In high altitude areas influenced by permafrost, climate
change will lead to an increase in rockfall, rockslide, and
debris flow activity. For most areas — those which are perma-
frost-free — hardly any change in activity is expected. Gener-
ally, in past warm periods in Austria, a shift in maximum rock-
fall activity from spring to summer could be observed. To date,
observations have shown no climate influence on deep-seated
large-scale landslides, such as Bergsturz or large rock falls and
slides (Volume 2, Chapter 4).

In areas above 2500 m above sea level in Austria, which ac-
counts for approximately 2 % of territory (1 600 km?), perma-
frost has to be reckoned with. It is estimated that an increase
in temperature of 1 °C can cause a retreat of the permafrost
line by approximately 200 m (Volume 2, Chapter 4). Thus,
expected warming would reduce the body of permafrost in the
Austrian Alps and large areas would be free of permafrost in
the future (Volume 2, Chapter 2).

Solifluction (soil flow in periglacial regions) is a slow, down-
hill flowing movement of thawed topsoil on still frozen subsoil
(Volume 2, Chapter 4). The retreat of permafrost due to in-
creased warming in the Alpine region will reduce solifluction
at lower altitudes and increase it in high altitude regions.

Due to the retreat of glaciers (Volume 2, Chapter 2) ero-
sion and consequent sediment-input into flowing waters
will increase in the areas that become exposed. A direct con-
sequence of glacial erosion is high sediment concentration in
flowing waters and sedimentation in lakes, which in the latter
case can lead to land aggradation. On the one hand, the lo-
cal withdrawal of glaciers and the thawing of permafrost may
lead to a significant increase in the potential sediment load and
thus of the solid load discharge into flowing waters. On the
other hand, it must be assumed that the complete disappear-
ance of local glaciers will lead to a decrease in sediment load
in water in the medium term. Furthermore, it is important
to note that the transportation of sediment load in flowing
waters is also significantly influenced by human interactions
such as river regulation and water reservoirs used for drinking
water supply, irrigation purposes, or power plants (Volume 2,
Chapter 4).

If wind speeds increase locally, wind erosion could increase
in future. However, this is also heavily dependent on (changes
in) vegetation and agricultural use (Volume 2, Chapter 4; Vol-
ume 2, Chapter 5).

Climate-induced changes in geomorphic processes and
consequently topography have only a minor effect on ecosys-
tem services. As geological processes react more slowly to a
changing climate than ecological processes (Volume 2, Chap-

ter 3), the former will play only a minor role in the provision

of ecosystem services (Volume 2, Chapter 1) in Austria during
the decades to come (Chapter 2, Volume 4).

As far as soil is concerned, the most evident climate ef-
fects are expected to be on soil life and consequently on
humus accumulation. Soil is described as the uppermost part
of the earth’s crust affected by weathering, in other words,
the upper decimeters that are in direct interaction with the
atmosphere. Many soil processes are dependent on both tem-
perature and moisture — their future development therefore
depends on local changes in both temperature and precipita-
tion. Particularly affected are soil life and processes of humus
decomposition, nutrient availability, and possible changes in
soil structure (Table S.2.1). Dry soils tend to have less diversity
of soil life and less robust populations than moist soils with a
good oxygen supply (Volume 2, Chapter 5).

On the whole, soil reacts slowly to changes in climate.
However, as vegetation reacts considerably faster to changes in
climate (Volume 2, Chapter 3) and co-determines soil devel-
opment — particularly the development of organic substances
in soil — indirect climate effects (Volume 2, Chapter 1) can be
expected to have the main impact on soils in the short- and
medium term (Volume 2, Chapter 5).

Soils influence the carbon budget and consequently
have a direct effect on the climate. The amount of CO,
entering the atmosphere from soils each year (roughly equal
amounts are taken up by soils again), considerably exceeds the
emissions caused by fossil fuels. Preserving the ecological bud-
get of soils is thus an important aspect of climate protection.
Higher temperatures increase mineralization and can lead to a
decrease in organic substances and consequently in the stored
carbon in soils. However, a prerequisite for this is constant
moisture conditions. Dry periods delay humus mineralization
as does freezing of the ground during thick snow packs (Table
S.2.1). Site and land use determine if, and to what extent, the
humus expected to be lost due to rising temperatures can be
compensated for by increased biomass production of vegeta-
tion (e.g., by increased levels of CO, and longer vegetation
periods, Volume 2, Chapter 3); this still shows high levels of
uncertainty. There is also a research gap regarding the stability
of humus complexes and the role of subsoil in carbon storage
(Volume 2, Chapter 5).

Temperature extremes and dry phases have greater ef-
fects on soil processes than gradual climatic changes. Tem-
perature extremes influence, for example, soil biota more than
gradual changes in average temperature do. Temperature ex-
tremes and dry phases also have a strong influence on turn-
over rates of carbon and nitrogen in soils. They increase during

strong and lengthy freezing and thawing processes in winter
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Table S.2.1 Assessment of the sensitivity of processes in soils related to climate change. Developed by Geitner for AAR14

Processes

Sensitivity

Explanations

Related to the mineral constituents

Physical weathering ++ D or I: depending on elevation zone (frequency of freeze /thaw cycles)
Chemical weathering ++ I: with temperature increase (nival/alpine zone)
D: under dry conditions
Biological weathering + D or I: with vegetation changes
Oxidation + I: under dry conditions
Reduction + I: under wet conditions
Clay mineral formation + D: under dry conditions
Clay displacement + D: under dry conditions
Podsolization + D: under dry conditions
Calcification + I: under dry and alternate wetting and drying conditions

D: under wet conditions

Related to the organic constituents

Mineralization +++ I: under average conditions

D: under dry or very wet conditions
Humification + D or I: Depending on further factors (e. g. wetness, chemical composition of litter)
Others

Exchange processes (ions)

D: under dry conditions

Aggregate formation

Depending on other conditions

Bioturbation ++ Depending on other conditions
Cryoturbation ++ Depending on duration of frost periods and frequency of freeze/thaw cycles, according to
elevation
D = decrease, | = increase, + = moderate, ++ = average, +++ = strong effects expected

(through changes in duration and depth of snow cover) and
also in the case of intense and lengthy drying out of soils, fol-
lowed by heavy precipitation events; this leads to spikes in
GHG emissions directly after such events (Volume 2, Chapter
5).

Drier conditions could bring about local reduction in seep-
age water and groundwater level (Volume 2, Chapter 2) on
water-influenced soils (gley, pseudogley), reducing waterlog-
ging and increasing yields. However, such changes could also
impair the natural dynamics of floodplain and bog soils. Bog
soils, which are a significant carbon reservoir, react in a partic-
ularly sensitive way to increasing temperatures and desiccation
(Volume 2, Chapter 5).

An increase in climatic extremes affects arable soils more
than grassland soils. Erosion of arable land through water
and wind can particularly increase during phases of incomplete
or poor vegetation cover (Volume 2, Chapter 4; Volume 2,
Chapter 5). In future, cultivation techniques and soil man-
agement will become increasingly important and will need to

be adapted to compensate for potential climate-induced prob-

lems. Grassland soils are expected to be more stable, although
they may also be subject to a climate-induced reduction in
humus (Volume 2, Chapter 5). In light of the global questions
about food security and concurrently rising demands on soils
(e.g., through increased use of bioenergy crops), an increase
in nitrogen utilization efficiency in soils could make a positive
contribution (Volume 2, Chapter 5).

Naturally balanced soils will fulfil their functions and
services under changing climatic conditions better than
soils that have been subject to intense human degradation.
Soil protection is therefore not just a means of climate pro-
tection, but also an important contributing factor to climate
adaptation.

Rising temperatures lead to increased CO, emissions
from forest soils. A temperature increase of 1°C leads to ap-
proximately 10 % more CO, being emitted through soil respi-
ration; a temperature increase of 2°C leads to approximately
20% more CO, and N,O emissions. An increase in disrup-
tions (e. g., through windbreak events and following bark-bee-

tle infestations (Volume 2, Chapter 3) also leads to humus and
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soil loss through erosion, which again leads to increased CO,
emissions from soil and also to an impairment of hydrological
soil functions (Volume 2, Chapter 5).

To date, fairly litcle is known about impacts of climate
change on high alpine and urban soils. Climate-induced
change in vegetation — particularly in the region of the current
tree line (Volume 2, Chapter 3) — would also influence humus
quantity and quality in high alpine soils. On the other hand,
higher temperatures would enhance humus depletion, particu-
larly as the organic matter of soils at high altitudes contains
easily degradable components. However, due to the small-scale
differentiation of mountain soils, there is a limited number of
general statements that can be made (Volume 2, Chapter 5). It
is assumed that urban soils are highly at risk of climate change,
as the urban environment per se subjects them to increased
temperatures and reduced water content and natural soil struc-
ture is often missing. However, there are no detailed studies
on the climate sensitivity of urban soils in Austria (Volume 2,
Chapter 5).

S.2.4  Impacts on the Living Environment

In areas with low levels of precipitation, such as north of the
Danube and in eastern and south-eastern Austria, agricultural
yields will decrease. In the cooler areas of Austria with higher
levels of precipitation, however, a warmer climate will increase
the potential yields of agricultural crops. Rainfed summer
crops with low temperature demands, such as spring cereals,
sugar beet, and potatoes will be increasingly subject to heat
stress and drought damage. The potential yield of these crops
will stagnate or decline, particularly on light soils with low wa-
ter storage capacity (Volume 2, Chapter 3). It is possible that
currently rainfed crops will increasingly need to be irrigated in
certain regions (Volume 2, Chapter 2; Volume 2, Chapter 3).
In irrigated areas the water demand for irrigation will increase
(Volume 2, Chapter 3).

The yield potential of thermophilic summer crops such as
maize, soya beans, and sunflowers could increase, as long as
there is sufficient water supply. It should be noted, that the
increased yields during the past decades are primarily due to
progress in agricultural technology, agro-chemical measures,
and plant breeding — and not to climate change. However, in
Austria and Switzerland the inter-annual variability of yields
has increased, which can at least in part be attributed to cli-
mate change (Volume 2, Chapter 3).

Winter crops could also experience an increase in yield po-
tential, as they make better use of winter moisture in soils.

However, in wet locations or regions with high levels of precip-

itation there is danger of waterlogged soils because of increas-
ing precipitation in winter. Winter crops (e. g., winter wheat)
are also at an increased risk from pests and diseases due to
warmer winters (Volume 2, Chapter 3).

A further increase in temperature will favor wine culti-
vation in regions of Austria that currently have less suitable
climate conditions. In the current wine cultivation areas, an
increase in temperature will be particularly favorable for red
wine varieties and the quality of red wine. For white wine,
where acid content is an important quality feature, quality
could improve in colder or new cultivation areas, but could also
decrease in current cultivation regions (Volume 2, Chapter 3).

Fruit crops will be negatively affected by the expected cli-
matic changes. Increased aridity and irrigation demands will be
particularly problematic, as fruit crops need much water and
are more sensitive to heat and drought than vines, for example.
An increase in the amount and intensity of thunderstorm ac-
tivity could increase the danger of crop damage, particularly
hail. In valleys and basins increasing late frost damage, par-
ticularly during flowering, is expected. Furthermore, phases of
extreme weather conditions could cause disruptions in growth
rthythms. Warmer weather conditions in winter, for example,
could lead to a decrease in the frost resistance of fruit trees,
increasing the danger of damage during the next frost (Vol-
ume 2, Chapter 3).

Farm animals also suffer from climate change. Increasing
heat periods can decrease the performance and increase the
risk of disease in farm animals. Increasing heat stress can lead,
for example, to a decline in the milk production of cows or to
a decrease in the size of hens’ eggs. Next to ambient tempera-
ture, humidity and airflow also influences the thermal wellbe-
ing of animals (Volume 2, Chapter 3).

The productivity potential of Austrian forests in moun-
tainous regions and in regions with sufficient precipitation
will increase due to the expected changes in climate. In con-
trast, productivity in eastern and north-eastern areas at low
altitudes and in inner-Alpine basins will decrease due to an
increase in dry periods. Whether potential increases in growth
can actually be achieved in managed forests will depend largely
on the numerous risk factors and the changes in them induced
by climate (Volume 2, Chapter 3). For example, it is expected
that the intensity and frequency of climate-related disturbanc-
es in forest ecosystems will increase under all warming sce-
narios. This is particularly true for occurrences of thermophilic
insects such as bark beetles. Furthermore, new types of dam-
ages through imported or harmful organisms migrating from
southern regions can be expected. Abiotic disturbance factors

such as storms, late and early frosts, and wet snow events may
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also occur more frequently than previously, which in turn
will amplify damage from biotic disturbances (e.g., by bark
beetles). Intensified disturbance regimes lead to lower wood
production revenues and can impair other ecosystem services
such as the protective function against, for example, rock fall,
landslides and avalanches, and also the carbon storage capabil-
ity of forests (Volume 2, Chapter 3; Volume 2, Chapter 4).

The dry summers of 2003 and 2007 showed that under
certain weather conditions forest fires can also develop rap-
idly and reach significant dimensions in Austria. Due to the
expected warming and increasing likelihood of dry weather
periods in summer, an increase in the frequency and severity
of forest fires is expected in the Alpine region in the future.
Fire is a particular risk for the Alpine region because of the
long regeneration time needed by vegetation following forest
fires and the fact that the latter can reduce or eliminate the
protective function of forests against natural hazards (Volume
2, Chapter 4; Volume 2, Chapter 3).

In Austria the competitive strength of deciduous forests will
increase. Up to a temperature increase of 1°C, the distribu-
tion of forest communities would not change significantly;
however, a warming of 2°C would lead to a change in the
potential natural vegetation. This means that in close to 80 %
of Austrian forest area, without forest management, the poten-
tial habitat of beech-, oak-, and beech-fir-spruce forest types
would increase (Volume 2, Chapter 3).

In alpine regions, plants that are adapted to cold conditions
will be displaced by thermophilic species and they themselves
will advance to higher altitudes. The upward shift of species in
all alpine summit regions has been verified across Europe and
could lead to a temporary increase in biodiversity in higher
alpine regions in Austria. Despite warming, cold-adapted veg-
etation still manages to survive in niches, however in the me-
dium term local extinction of cold-adapted species in alpine
vegetation can be expected (Volume 2, Chapter 3).

Peat bogs are heavily affected by climate change. It is esti-
mated that 85 % of peat bogs in Austria will be endangered by a
temperature increase of around 2-3 °C (Volume 2, Chapter 3).

Climate change will affect Austrian fauna. This can al-
ready be seen in species shifts of various animal groups, such
as dragonflies, beetles, and invertebrate freshwater animals.
At the same time, climate-induced habitat loss is expected in
many animal species and species groups, including many en-
demic species (i. e. species that do not occur elsewhere). Spe-
cies habitat shifts not only depend on the reaction of the re-
spective species to climate change, but also on the ability of the
species to migrate and establish itself against other species that
already live in the new habitat (Volume 2, Chapter 3).

Amphibians, due to their specific habitat demands and low
mobility, are particularly vulnerable to climate change. Indi-
rect impacts of climate change (Volume 2, Chapter 1) such
as habitat loss, for example, a possible periodical decrease in
small water bodies, and the loss of wetlands following more
frequent or prolonged dry periods (Volume 2, Chapter 3) are
of highest relevance (Volume 2, Chapter 3) In this context,
projected changes in precipitation distribution are probably
a greater risk factor than changes in temperature (Volume 2,
Chapter 3).

Reptiles are potential winners of climate change. Longer
summer conditions will mean an increase in reproductive suc-
cess for reptiles. Successful reproduction of non-native reptile
species (such as species of turtle) in the wild has already been
observed on occasion (Volume 2, Chapter 3).

A shift toward warm-water-loving fish species is expect-
ed. Warming of 2.5°C (Volume 2, Chapter 2) could result
in an altitudinal shift of fish regions by 70 m and relocation
of fish regions upstream by approximately 30 km (Volume 2,
Chapter 3). However, this theoretical relocation upstream will
not be possible in many cases, as upstream habitats are often
not suitable for the fish. Accordingly, a loss of trout and gray-
ling waters can be expected overall. Over half of native fish
species are already on endangered species lists; the additional
pressures of climate change and also continued expansion
of hydropower will further endanger native fish fauna (Vol-
ume 2, Chapter 3).

Climate change not only impacts individual plant and
animal species, but also strongly influences their interac-
tion in ecosystems. The relationship between predator and
prey, parasite and host, and plant and pollinator could change
as a result of changes in future climate. A temporal decoupling
of processes, such as the flowering time of plants and stage of
development of pollinators or a geographical “drifting apart”
of habitats (low overlap of habitats of interacting species in
the future) could have a strong influence on ecosystems (Vol-
ume 2, Chapter 3).

On the whole, ecosystems with long development periods
are particularly affected by climate change. In Austria these
include forests, habitats above the tree line, and moorland.
Because of these slow development periods relative to climate
change, the ability of such ecosystems to adapt to changes in cli-
mate is limited. The resulting climate vulnerability affects both

plants and animals in such ecosystems (Volume 2, Chapter 3).
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Figure S.2.5. Direct and indirect impact chainsinfluencing pathways of climate change affecting health. Source: adapted from Confalonieri et

al. (2007); McMichael et al. (2004)

S5.2.5  Impacts on Humans

The increase in heat waves leads to rising mortality rates.
Temperature increase — in particular heat waves — probably
has the most serious direct effects on human health (Figure
S.2.5). Heat burdens the human organism and can lead to
death, particularly where health is poor. Cardiovascular prob-
lems, especially in older people, but also in infants or the
chronically ill, are increasingly being observed, particularly
following dehydration. A regionally dependent temperature
exists at which the mortality rate is at its lowest; beyond this
temperature mortality increases by 1-6% for every 1°C in-
crease in temperature (very likely, high confidence, Volume 2,
Chapter 6; Volume 3, Chapter 4). In particular, older people
and young children have shown a significant increase in the
risk of death above this optimum temperature. To date, little
is known about adaptation possibilities and speed of adapta-
tion to higher mean temperatures. Heat waves particularly af-
fect people in urban areas as they are intensified by the urban
heat island effect (higher turnover of radiation energy and heat
accumulation) and potentially prolonged as well as enhanced

in large cities. Nocturnal cooling is also considerably lower

in urban than in rural areas, which affects nocturnal recovery
phases (Volume 2, Chapter 6). During the heat wave in 2003,
between 180 and 330 heat-related deaths were registered in
Austria. Precipitation-induced extreme events (floods, land-
slides etc.) increase the risk of injury or death. The risk of epi-
demics, often associated with floods in emerging or developing
countries, is less of a problem in Austria due to high levels of
hygiene.

Indirect climate impacts on human health due to the spread
of non-endemic animal and plant species is expected. Patho-
gens transferred by blood-sucking insects and ticks play a par-
ticularly important role, as not only the agents themselves, but
also the vectors’ (insects and ticks) activity and distribution are
dependent on climatic conditions. Newly introduced patho-
gens (viruses, bacteria and parasites, and also allergenic plants
and fungi such as, for example, ragweed (Ambrosia artemisi-
ifolia) and the oak processionary moth (7haumetopoea proces-
sionea), and new vectors like the tiger mosquito (Stegomyia
albopicta) can establish themselves, and existing pathogens can
spread (or disappear) regionally. A shift in the tick popula-
tion to higher regions can already be observed. Rodents act

as important vector carriers and reservoirs, and their distribu-
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(2014)

tion and populations shifts with climate change. As complex
predator-prey relationships are involved in this process, it is
difficult to make concrete predictions about future develop-
ments. Among the illnesses that might increase in frequency
are meningitis, transmitted by ticks and other vectors, yellow
fever, dengue, malaria, leischmania, hanta virus, and flu-like
illnesses. Pathogens that are also transmitted via drinking wa-
ter and food (e. g., salmonella) are temperature-dependent and
can spread further as a result of higher average temperatures
(Volume 2, Chapter 6).

Health effects due to climate change are closely linked
to social conditions. Usually the coincidence of several fac-
tors (e.g., low income, low level of education, low social
capital, precarious working and living conditions, unemploy-
ment, limited possibilities to take action) makes less privileged
population groups particularly vulnerable to climate change
impacts. Poorer people are particularly vulnerable to climate
change due to the location of their apartments and houses in
settlement areas (e. g., in dense areas with low levels of green
areas, areas at risk of flooding) and in particular due to the
structural condition of the buildings they live in; poorer peo-
ple also have fewer possibilities of adaptation (e. g., to increas-
ing heat waves) and health protection. In the face of rising
energy prices, the weakening and shortening of cold seasons
(fewer heating days) can be seen as a relieving factor for vulner-

able social groups (Volume 2, Chapter 6).

Although women frequently act in a more climate friendly
manner than men, they are often — even in Austria — more af-
fected by climate change. During the heat wave in 2003, con-
siderably more women died than men (across all age groups)
in Europe (Volume 2, Chapter 6).

Climate-induced migration pressure on Austria from
developing and emerging countries will increase. This is
largely due to the global imbalance between polluters, namely,
the leading per capita GHG emitters (industrialized countries)
and the people most vulnerable to and affected by climate im-
pacts (developing countries) (Volume 2, Chapter 6; Volume 2,
Chapter 1). Whether increased migration pressure will lead
to a higher number of immigrants will, however, depend on
political responses (Volume 2, Chapter 6).

Compared to the rest of Europe, direct climate impact
costs close to the average are expected for Austria (Vol-
ume 2, Chapter 6). The expected high variability in precipita-
tion will primarily affect agriculture and forestry and, to a less-
er extent also, energy and water management in eastern and
south-eastern parts of the country (Volume 2, Chapter 2; Vol-
ume 2, Chapter 3). The potential increase in extreme precipi-
tation events and their indirect consequences, such as floods
and landslides or avalanches, have high damage potential for
infrastructure, particularly in the alpine region, hilly regions
and in several river valleys (Volume 2, Chapter 2; Volume 2,

Chapter 4). It is important to note that an absolute estimate
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of climate impact costs is difficult, as there needs to be a con-
sideration not only of changes in the quality and quantity of
goods and services but also of the effects on ecosystem services
which have no “market value” as such (Volume 2, Chapter 6).

Total economic damage due to extreme weather events
has strongly increased in Austria in the past years. On the
basis of insurance data, total damages due to extreme weather
events in Austria between 1980 and 2010 are estimated at
€10.6 billion (in 2013 prices, Figure S.2.6). It should be not-
ed that both the quantity and intensity of weather events and
the increasing exposure of assets to extreme weather events are
responsible for the growing economic costs. Moreover, due to
strong settlement growth in risk regions, the damage potential
has risen considerably in the past decades.

During the period 2001 to 2010, certain events were par-
ticularly cost-intensive: the floods in 2002 (around €3.7 bil-
lion), 2005 (almost €0.6 billion), and 2013 (almost €0.7 bil-
lion), with a number of heavy winter storms each incurring
damage of several hundred millioneuros. Note that these fig-
ures include only the costs of direct damage incurred through
reconstruction and repairs; the indirect costs of the knock-on
effects of such weather events were not considered. Further-
more, much damage from small and slow-onset events (e.g.,
droughts) is not considered. This means that total economic
damages from weather events should be considerably higher
than the values cited here (Volume 2, Chapter 6).

It is highly likely that winter tourism in Austria will be
negatively affected by climate change. Winter warming and
the associated shortening of the season and disruptions to it, as
well as the low snow reliability at lower altitudes and in eastern
parts of the country, will negatively affect winter tourism in its
current form. Furthermore, increased dependence on water-
and energy-intensive artificial snowmaking can be expected in
all regions of Austria (Volume 2, Chapter 6).

Both spa and recreational tourism could profit from increas-
ing temperatures and lower precipitation frequency in future.
Summer tourism especially will profit from climate change
and Austria could position itself as a “summer freshness” resort
particularly for Mediterranean countries. However, this poten-
tial would have to be utilized accordingly, and it is not yet clear
how far these opportunities will materialize in future. Increases
in summer tourism are unlikely to be able to compensate for
losses in winter tourism (Volume 2, Chapter 6).

Altogether, city tourism appears to be fairly robust in cli-
mate change terms. Effects are expected inasmuch as the activ-
ities of city tourists will center more on green areas, parks, and
gardens and courtyard restaurants, while non-air-conditioned

buildings could be avoided in summer. Furthermore, a shift in

the number of visitors from summer to spring and autumn is
expected (Volume 2, Chapter 6).

With regard to energy demand, climate change-induced
energy savings on heating will most probably significantly
surpass additional energy demand for cooling (Volume 2,
Chapter 6). In Austria, around 60 % of electricity demand is
covered by hydropower. In future, a slight reduction in hydro-
power production is expected, and production will decrease in
summer and increase in winter, due to climate. Current projec-
tions vary in their estimates of changes in annual production
by the end of the century from +5 % to -15 %. With regard to
cooling water demand for power plants, regional and seasonal
constraints are possible, for example, in summer for catch-
ments without any glacial/ nival buffers. Thermal plants lo-
cated on larger rivers (Drau, Inn, Mur, Danube) should not be
subject to any future usage constraints (Volume 2, Chapter 2).

Settlement areas that are not endangered by natural
hazards will shrink. Currently around 400000 buildings in
Austria are located in flood-endangered regions. Settlement ar-
eas are expected to continue to expand into flood-endangered
regions, unless restrictions are imposed by planners (Volume
2, Chapter 6). Furthermore, a climate-induced expansion of
flood zones must be expected (Volume 2, Chapter 2). Expan-
sions of settlement areas will be complicated, particularly in
Alpine valleys, as there will be an expansion both in flood
zones in the valleys and on slope areas that are endangered
by landslides (Volume 2, Chapter 2; Volume 2, Chapter 4;
Volume 2, Chapter 6).

Energy and transport infrastructures demonstrate a high
level of exposure to climate change, particularly as they are
often located in exposed areas. Due to the network structure,
an interruption at a single point can often lead to large-scale
service disruptions. Transport infrastructures are very likely to
be affected by extreme precipitation events — currently more
than three-quarters of all damage — from geomorphic process-
es triggered by extreme precipitation (e. g., landslides includ-
ing earth flows and slides, rock falls and debris flows, undercut
of river banks, snow avalanches affect transport infrastructure.
The extent of direct damage as a result of future extreme events
depends on the scenario; in any case, the indirect damages and
related costs can be expected to be considerably higher than
the direct costs (Volume 2, Chapter 6).

Through cascading effects, weather-induced disruptions
to energy infrastructure can lead to large-scale “black-outs.”
On the one hand, danger comes from the physical damage
caused by landslides and floods (Volume 2, Chapter 2; Vol-
ume 2, Chapter 4; Volume 2, Chapter 6). Heat waves can lead

to network problems, and heat can cause problems in energy
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production (low water, reduced supply of cooling water, reach-
ing allowed temperature limits) and to trans-alpine transmis-
sion lines toward Italy (high energy demand and low power
plant productivity in southern Europe), which are particularly
strained by simultaneously rising energy demand in Austria

(cooling energy and irrigation) (Volume 2, Chapter 6).

S$.3  Climate Change in Austria:
Mitigation and Adaptation

S.3.1  Climate Change Mitigation and Adap-

tation

Global emission reduction requirements. Global GHG
emissions to date continue to rise along the path of the “busi-
ness-as-usual” (BAU) scenario. If this trend continues, emis-
sions will have doubled by mid-century. Stabilizing global an-
nual mean temperature increase below 2°C by the end of the
century (compared to pre-industrial levels) will require global
GHG emissions reductions of at least 50% by mid-century
compared with present levels — and up to 90 % in industrial-
ized countries (Volume 3, Chapter 1).

The change in the annual global mean temperature of
4°C and above, which is to be expected in a BAU scenario, is
equivalent to the transition from the ice age to the interglacial
period. Compared to the past 10000 years in which human
civilizations have emerged, a 4°C warmer planet will have
consequences for nature and humanity that will be almost
impossible to control. Although warming of 2°C would also
bring significant changes, it can be seen as a threshold for the
avoidance of catastrophic consequences (Volume 1, Chapter 1;
Volume 3, Chapter 1).

Both mitigation and adaptation measures are essential for

any given global temperature stabilization level. Mitigation of

GHG emissions requires both technological change, such as,
for example, efficiency gains, and behavioral change to reduce
resource use and the resulting emissions per unit of activity.
The aim is to reduce climate change by managing its driving
forces. Adaptation to climate change on the other hand, in-
cludes initiatives and measures that reduce the vulnerability
to, or increase the resilience of, human-environmental systems
against acute or expected impacts of climate change, for ex-
ample, flood prevention measures or the cultivation of better
adapted plant species.

Determined and vigorous emission mitigation measures are
necessary to reach any climate stabilization target. Complete
implementation of the voluntary emission reduction pledges
specified in the Cancun and the Copenhagen Accords corre-
spond to a path that will lead to a global warming of more
than 3°C (with a 20 % likelihood of more than 4°C) by the
end of the century (see Figure S.3.1).

On a global level there is significant mitigation potential in
energy production, transportation, buildings, industry, agri-
culture, forestry, and waste management. These are described
in the respective chapters of the full AAR14 Report (see Vol-
ume 3) in more detail.

Within the framework of the European “Burden Sharing
Agreement” in implementing the Kyoto Protocol, Austria
committed to reducing GHG emissions by 13 % (period 2008
to 2012, relative to 1990 levels). However, and in contrast to
the majority of other EU member states (including Germany,
the United Kingdom, France and Sweden), GHG emissions in
Austria increased considerably. Consequently, Austria was un-
able to fulfil its Kyoto targets by domestic emission reductions.
Formal compliance was achieved with the purchase of about
80 Mt CO,-eq. of emission permits on the global market at a
cost of roughly €500 million.

The central pillar of European climate policy is the
European Climate and Energy Package, which compris-
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es the three central goals of i) reducing of GHG emissions
by 209%, ii) increasing the share of renewables in final en-
ergy consumption to 20%, and iii) increasing energy in-
tensity by 20% (“20-20-20 targets”) by 2020 in relation to
2005. The Climate and Energy Package is supplemented by
a range of further measures and directives (European emis-
sions trading, energy efficiency, promotion of renewable
energies, eco design, energy performance of buildings, com-
bined heat and power; Volume 3, Chapter 1; Volume 3,
Chapter 6).

In February 2011 the European Council approved the
plan to reduce the European Union (EU) GHG emissions
by 80-95% by 2050 (compared to 1990 levels) in order to
limit dangerous climate change and keep the average increase
in temperature below 2°C (compared to pre-industrial levels).
Several European countries (the United Kingdom, Denmark,
Finland, Portugal and Sweden) have committed themselves to
concrete emission reduction targets for 2050. To date, Aus-
tria has set only short-term climate and energy reduction
targets for the period up to 2020 (Volume 3, Chapter 1; Vol-
ume 3, Chapter 6).

The measures taken so far in Austria are insufficient
to meet the commensurate contribution expected from
Austria to achieve the global 2°C stabilization target. To
achieve targets set in the EU climate and energy package by
2020, it is estimated that Austrian emissions need to be re-
duced by 14 Mt CO,-eq. compared to a reference scenario.
This comparably small reduction could be reached, for ex-
ample, by implementing a package of measures for techno-
logical options focusing on energy efficiency, which would
require an annual investment volume of €6.3 billion in the
period 2012 to 2020. In addition to the mitigation effect,
these measures would result in an increase in economic out-
put by approximately €9.5 billion and would generate around
80000 additional jobs. At the same time the resulting energy
savings would amount to €4.3 billion in 2020 (using conser-
vative assumptions regarding future energy prices; Volume 3,
Chapter 1).

Austria has a considerable shortfall with respect to en-
ergy intensity improvement. In contrast to the EU average,
energy intensity has remained relatively constant in Austria
during the past two decades (energy use per unit GDP; see
Figure S.3.2). In comparison, energy intensity in the EU28
has declined by 29 % since 1990 (e. g., by 23 % in the Nether-
lands, 30% in Germany, and 39 % in the United Kingdom).
However, at least a part of the improvements in Germany and
the United Kingdom can be attributed to the relocation of

energy-intensive production to other countries. With regard

to emission intensity (GHG emissions per unit of energy)
Austria, where improvements reflect the growth in renewable
energy since 1990, and the Netherlands are the countries with
the largest improvements. Together, these two factors deter-
mine the GHG emissions intensity of GDE which has de-
clined in both Austria and the EU28 as a whole since 1990. In
other words, GHG emissions have grown at a slower rate than
GDP. The comparison with the EU28 shows quite clearly that
Austria has to catch up considerably in energy intensity terms
(Volume 3, Chapter 5).

Climate change causes high costs at both the global and
European level. Global damages attributed to climate change
are well beyond €100 billion per year and could even be be-
yond a trillion per year. In Europe, costs of damages due to
extreme weather events in 2080 are estimated at between €20
billion (for a global warming of 2.5°C) and €65 billion (for
a global warming of 5.4°C and large sea-level rise). However,
these cost estimates are subject to many uncertainties and do
not include components that are difficult to quantify in mon-
etary terms such as, for example, the loss of unique habitats.
As for most countries, detailed studies on the costs of climate
change in Austria to date are available only for selected sectors
and regions (Volume 3, Chapter 6).

Despite existing uncertainties as to the specific extent
of climate change impacts for different regions and sectors,
carly planning and implementation of specific adapta-
tion measures is crucial. Any delay reduces the options for
successful adaptation and increases related costs. Adapta-
tion measures can alleviate the negative impacts of cli-
mate change somewhat, but they cannot fully offset them
(medium confidence). For foresightful adaptation plan-
ning and implementation a broad range of measures can be
taken by affected citizens, municipalities/regions, and at
the federal level, or by private and public institutions; these
include capacity building, technology-oriented measures,
or changes in cultivation (Volume 3, Chapter 1; Volume 3,
Chapter 6).

Initially “National Adaptation Programs of Action” (NAPA)
were the primary supporting instrument for the states most
vulnerable to climate change at the international level, under
the auspices of UNCCD (starting in 1994) and UNFCCC
(since 2001). Without implementation of adaptation mea-
sures, climate change-induced damages in developing coun-
tries are roughly estimated to amount to between €25 and 70
billion in 2030. In contrast, current cumulative financial sup-
port from industrialized countries for adaptation in develop-
ing countries under the UNFCCC amounts to less than €0.8
billion (Volume 3, Chapter 1).
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Figure S.3.2. Development of the GHG emission intensity of the GDP and the embedded relative importance of energy intensity (energy use
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clear upward development of the GDP (lower panel), Austria shows an increase of GHG emissions during that period (+5 %) while emissions
dropped in the EU-28 (—18 %). Source: Schleicher (2014), based on Eurostat

Adaptation has been on the agenda at the European level
since 2005 and has been integrated into the Second Europe-
an Climate Change Program (ECCP II). With its green and
white books on adaptation, the European Commission (EC)
has taken the first steps toward increasing the resilience of the
EU to climate change. While the green book argues for the
necessity of adaptation at the European level, the white book
presents a framework for action within which the EU and
its member states should prepare for the impacts of climate
change. The EU adaptation strategy was enacted in spring
2013 (Volume 3, Chapter 1).

European activities at the political level, such as the pub-
lication of the green and white books on adaptation, but also
new insights from research have prompted a number of Eu-
ropean states to develop national climate change adaptation
strategies. To date 14 European countries (Belgium, Denmark,
France, Germany, Hungary, Malta, the Netherlands, Norway,
Austria, Portugal, Switzerland, Spain, and the United King-
dom) have enacted an adaptation strategy. In 2012 Austria
adopted a national adaptation strategy specifically to cope
with the consequences of climate change. The effectiveness
of this strategy will have to be evaluated in principle by how
successful individual sectors, or rather policy areas, will actu-

ally be in developing appropriate adaptation strategies and in

their implementation. An evaluation, for instance by regular
surveys of the effectiveness of adaptation measures, already
implemented by other countries, does not yet exist in Austria
(Volume 3, Chapter 1).

Overall, studies on the costs of climate adaptation measures
both in Europe and in Austria cover selected sectors and re-
gions. Consequently, cost ranges are large, and further research
is required to provide a better basis for cost/ benefit estimates.

As both mitigation of and adaptation to climate change
are required, coordination is needed, for instance with re-
gard to the different time frames involved. Insufficient mitiga-
tion leads to a need for massive adaptation, which increasingly
cannot be managed with “soft” or “green” measures, but will
rather require grey/technical and more cost-intensive mea-
sures. Conversely, as adaptation measures can be CO,-emis-
sions intensive, these activities need to be coordinated with
mitigation measures, so that they are supported rather than
counteracted (Volume 3, Chapter 1).

The long useful life spans of infrastructural installations
can lock in emission-intensive development paths for de-
cades (lock-in effect). Investments in production processes,
transport systems, energy use, and transformation should
be screened with regard to lock-in effects, as existing capital

stocks impede and increase the costs of mitigation measures
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over the entire useful life (Volume 1, Chapter 5; Volume 3,
Chapter 1; Volume 3, Chapter 6).

Beyond creating an environment that is conducive to
transformation, eliminating barriers is a core and crucial
field of activity. This topic is also gaining importance inter-
nationally, and is embedded in theoretical-conceptual discus-
sions on developing an appropriate framework for an environ-
ment that is conducive to transformation.

It is a fact that, despite well-founded studies on climate im-
pacts, appropriate action to protect the climate and to adapt
to climate change has not yet been taken, either internation-
ally or in Austria. This is attributable in particular to barriers.
In Austria, the following barriers have been identified (high

confidence).

1. Institutional barriers: Due to the complex sectoral and fed-
eral split of competences, existing administrative structures
are unsuitable for effectively dealing with climate change.
The short time horizons of elected political decision makers
— short relative to the comparatively slow, but steady pro-
cesses of climate change — are also a barrier. International
framework conditions also play an important role.

2. Economic barriers: In many individual economic decisions
self-interest dominates collective wellbeing. When climate
impacts are not, or only insufliciently, factored into prices
or market rules, markets fail to solve the problem of climate
change. Furthermore, so-called rebound-effects can take ef-
fect when cost savings resulting from increased energy ef-
ficiency lead to higher energy demand.

3. Social barriers: Households and companies demonstrate a
discrepancy between environmental awareness and action
actually taken. This is often due to a lack of confidence that
individual action can make a relevant contribution on the
aggregate level.

4. Uncertainty and insufficient knowledge: Differing opinions
on reciprocal influences between natural, technical, and
social systems (e.g., the extent to which technological op-
tions can solve the climate problem) as well as contradic-
tory news coverage, dampen the willingness for meaningful

action.

Examples of approaches for overcoming these barriers include
a comprehensive administrative reform to make it fit for the
purpose or the formation of new price structures in which
the costs of products and services reflect their climate change
impacts, as well as corresponding regulatory frameworks, a
stronger integration of people from, for instance, civil society

and academia in decision-making processes, targeted increase

of climate and environmental knowledge, and the closing of
knowledge gaps.

S.3.2  Agriculture and Forestry, Hydrology,
Ecosystems and Biodiversity

Climate change is a particular challenge for the management,
use, and protection of terrestrial and aquatic ecosystems and
for the sustainable management of the key resource, water.
These challenges vary from affected system to system — from
almost exclusively natural ecosystems and protected areas to
intensively used agro-ecosystems.

The land system is characterized by close links between
social, economic, geomorphological, climatic, and ecologi-
cal factors. Numerous climate-relevant systemic feedbacks
exist between agriculture and forestry, water manage-
ment and protection, and the preservation of ecosystems
and biodiversity. Because of these systemic effects, changes
in one area, such as economy and society, can impact many
other areas (Figure S.3.3; Volume 2, Chapter 3; Volume 3,
Chapter 2).

In this context a measure to reduce GHG emissions — for
example, increasing forest areas and stocking density in order
to sequester carbon (C) — can lead to (positive or negative) ef-
fects on i) productive capacity (such as agricultural and forest
production) and other ecosystem services (such as water reten-
tion capacity or protection against avalanches or landslides),
ii) biodiversity, iii) the risk of damaging events (windfall, bark
beetle infestations) to forests and iv) climate protection itself
(e.g. indirect land-use effects). These interdependencies can
also have a major effect on the GHG emissions reduction po-
tential of a particular measure. This is particularly relevant for
the potential GHG reductions associated with the substitu-
tion of bioenergy for fossil energy which can be substantially
affected by systemic changes in land use (e. g., land-use change
resulting from an expansion of cultivated area).

Considering all relevant feedbacks is a major scientific chal-
lenge, yet crucial for the development of robust strategies to
deal with climate change.

Agriculture can reduce GHG emissions and strengthen
carbon sinks in many ways. For any given level of agricul-
tural production, the largest potentials are related to ruminant
feed, fertilization practices, reduction of nitrogen losses, and
increase of nitrogen efficiency (very likely). Sustainable strate-
gies to reduce GHG emissions in agriculture require resource-
conserving and eflicient cultivation concepts including eco-
logical agriculture, precision agriculture, and plant breeding

that preserves genetic diversity.
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Figure S.3.3. Land systems are characterized by intensive systemic feedbacks between different components such as the society, the economy,
climate and climate change, ecosystems, etc. Activities to reduce GHG emissions or to adapt to climate change therefore often cause numer-
ous additional effectsimpacts. Source: Adapted from GLP (2005); MEA (2005); Turner et al. (2007)

Between 1990 and 2010, climate-relevant emissions from
the agricultural sector fell by 12.9 % in Austria. This was due
initially to a reduction in the number of animals (until 2005)
and then (2008 to 2010) to a reduction in the use of nitro-
gen fertilizer. During the same time period the number of pigs
and cattle increased again, which led to an increase in emis-
sions from ruminant digestion and manure. With emissions at
7.5 Mt COz—eq. in 2010, agriculture was responsible for 8.8 %
of Austria’s total GHG emissions (Volume 3, Chapter 2).

Increased production of agricultural bioenergy can contrib-
ute to GHG reductions if implemented as part of a strategy for
the integrated optimization of food and energy production as
well as through “cascade utilization” of biomass. (This strategy
proposes optimizing the integrated use of biomass as a raw
material and as an energy carrier.) The potential of agricultural
areas to reduce GHGs can be increased through an integrated
optimization of crop rotation, animal husbandry, and biomass
utilization for food, fiber, and energy production. At the same
time, energy and water balances and biodiversity preservation
need to be considered systematically (Volume 3, Chapter 2).

Adapration measures in the agricultural sector can be im-

plemented at varying rates. Within a few years measures such

as improved evapotranspiration control on crop land (e. g., ef-
ficient mulch cover, reduced tillage, wind protection), more ef-
ficient irrigation methods, cultivation of drought or heat-resis-
tant species or varieties, heat protection in animal husbandry,
a change in cultivation and processing periods, as well as crop
rotation, frost protection, hail protection, and risk insurance
are all feasible (Volume 3, Chapter 2).

In the medium term, feasible adaptation measures include
soil and erosion protection, humus build up in the soil, soil
conservation practices, water retention strategies, improve-
ment of irrigation infrastructure and equipment, warning,
monitoring, and forecasting systems for weather-related risks,
breeding stress-resistant varieties, risk distribution through
diversification, increase in storage capacity as well as animal
breeding and adjustments to stable equipment and to farming
technology (Volume 3, Chapter 2).

In principle, adaptation measures in the agricultural sec-
tor can be decided upon or mandated at the level of the farm
or higher levels (private/public forums); implementation,
however, always needs to take place at farm level. Adaptation
measures can be more or less autonomous, for instance, when

climate change influences the phenology of plants — that is,
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when there are temporal changes in the annual cycle — that
will affect production-related measures. Adaptation measures
can also be the result of a conscious choice (planned) among
various options, for example, changing crop rotations, type of
cultivation, or soil management. From a societal perspective
it makes sense to consider not only the economic “benefits”
and “costs” of adaptation measures, but to evaluate them in
terms of their contribution to sustainable land management
and GHG reductions (Volume 3, Chapter 2).

The type of forest management and the rate of wood use
have a large influence on the carbon cycle. Until 2003 Aus-
trian forests were a significant net CO, sink; since then, this
function has decreased and in some years has been close to
zero. The sink function of the forests up to 2003 was due to
both growth in forest area and an increase in stored carbon
per area unit. With the exception of the past ten years, car-
bon stores have increased significantly over the past decades
as felling has been continuously lower than growth. More
recent decreases in the carbon sink can be explained by the
significant increase in harvests after 2002 and a series of large-
scale disturbance events (storms, bark beetles). Furthermore
the calculation method was changed: for the first time changes
in soil carbon (litter layer and mineral soil) were incorpo-
rated, showing soils to be a slight carbon source (Volume 3,
Chapter 2).

The GHG emission balance of forest biomass depends heav-
ily on systemic effects in the forest sector. Interactions must be
considered between the amount of wood harvested, the carbon
sink function of the forest, and the accumulated carbon stock
that, depending on thwe period under consideration, yields dif-
ferent net GHG emissions (Figure S.3.4, Volume 3, Chapter 2).

Replacing emission-intensive resources or construction el-

ements in long-living products, particularly buildings, with

2008

forestry, LULUCF) contrasted with LULUCF emissions only.
Source: National Inventory Report, Anderl et al. (2012)
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wood can contribute to increased carbon storage in products
and to total GHG reductions. With regard to the GHG bal-
ance, the best results are yielded by an integrated optimiza-
tion of forestry, including forest management, use of wood
for long-living products, and use of by-products for energy,
such as wood residues and wood waste from production and
products at the end of their lifetime. In many cases, cascad-
ing use of biomass in forestry is an ecologically effective use
strategy. Depending on the location, type of tree species, eco-
nomic conditions etc., the use of wood residues (i.e., indus-
trial roundwood, harvest residues) as fuel can make sense. A
utilization plan of this kind is in effect in large parts of Austria
(Volume 3, Chapter 2).

As forestry requires long-term planning, adaptation to
climate change is a particular challenge. Despite consider-
able uncertainties, decisions need to be taken today that are
appropriate for the new climate conditions. An “appropriate”
strategy in forest management would be one that provides the
sectors agents with sufficient leeway for action to deal with
unexpected developments.

Particular challenges would be uncertainties pertaining to
the regional distribution of changes, particularly for extreme
weather events, and the risk of insect pests and fungi that are
harmful to forests.

The challenges of climate change for forestry vary greatly
from region to region. In regions where the productivity of
forests is currently limited by the length of the vegetation pe-
riod, climate change will increase productivity. This is true for
large parts of mountain forests and areas that are above the
current tree line. Regions, mainly in south-eastern and east-
ern parts of Austria, that are today subject to drought-related
problems and related insect damage will become more difficult
to manage in future (Volume 3, Chapter 2). The most sensi-
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tive areas are Norwegian spruce stands located in lowlands and
pure spruce forests which serve a protective function in moun-
tain regions. The adaptation measures in the forest sector are
associated with considerable lead times (Volume 3, Chapter 2).

The resilience of forests to risk factors as well as the
adaptability of forests can be enhanced. The choice of tree
species and rotation period is an important parameter for ad-
aptation strategies particularly to reduce the risk of damaging
events, although interactions with the carbon sink function of
forests need to be considered (Volume 3, Chapter 2). Further-
more, small-scale silviculture leading to heterogeneous forest
structures is considered to be a suitable adaptation means. A
survey has shown that managers of forest enterprises are al-
ready aware of the relevance of climate change for forestry.
Over 85% of managers of large forest enterprises have indi-
cated that they have already implemented climate change ad-
aptation measures. In contrast, owners of small forests have
not reacted much to date (Volume 3, Chapter 2).

Successful adaptation of water management to climate
change can be ensured by means of integrative, interdisciplin-
ary approaches. Adaptation measures in the areas of floods and
low water, such as land-use change in the watershed, can con-
tribute to GHG reductions by carbon sequestration. Changes
to the solid material budget through rising global temperatures
have less negative impacts on flowing waters than the absence
of the sediment continuum. For the provision of drinking
water, important adaptation measures would involve linking
small suppliers and amenities and the creation of redundan-
cies of virgin water sources. The main challenge for wastewater
treatment is to account for decreased water flows in the receiv-
ing waters. Increasing organic content in soil leads to increased
storage capacity for groundwater. Through the protection and
expansion of water retention areas (e.g., floodplains), objec-
tives of flood and biodiversity protection to adapt to changing
discharge conditions can be combined (Volume 3, Chapter 2).

In water management there are only few possibilities for
reducing GHGs. In urban water management the construc-
tion of suitably large digesters for the production of biogas in
water treatment plants can contribute to GHG reductions. It
is difficult to avoid methane emissions from existing reservoirs
(Volume 1, Chapter 1).

Studies have come to differing conclusions regarding the
impact of climate change on the energy production of hydro-
electric plants. However, production is expected to shift from
summer to winter (Volume 3, Chapter 2).

Climate change increases pressure on ecosystems and
biodiversity, which are currently already burdened by numer-

ous factors such as land use and emissions. Many nature pro-

tection measures that promote biodiversity can also contribute
to GHG reductions. Protection and restoration of moors or
decreasing the intensity of use of key forests or wetlands creates
carbon sinks and promotes biodiversity. Such measures can be
economically attractive, but will not be implemented to any
significant extent without incentives (Volume 3, Chapter 2).

Ecosystems and biological diversity are threatened not
only by climate change but also by many other global, re-
gional, and local changes. The introduction of foreign inva-
sive species, deposition of toxic substances, destruction of hab-
itats due to housing construction, trade, industry, or tourism,
water use, and agricultural and forestry changes, for instance,
can all have negative impacts. Measures in other sectors have
both indirect impacts (via climate change) and direct impacts,
such as land use, on nature protection, ecosystems, and bio-
diversity. GHG reduction measures in other sectors are often
also adaptation measures for nature protection and biodiver-
sity (Volume 2, Chapter 3; Volume 3, Chapter 2).

Increasing pressure on ecosystems and biodiversity can lead
to a loss in the capacity of ecosystems to deliver an adequate
quantity and quality of critical ecosystem services. In particu-
lar, risks arise from ecosystem deficiencies that are already pres-
ent and through climate-induced shifts of habitat boundaries
where species are unable to cope with due to migration bar-
riers, for example, in the alpine region. Creating a compre-
hensive habitat network in Austria is an important adaptation
option (Volume 2, Chapter 3; Volume 3, Chapter 2).

Trade-offs between climate protection measures and biodi-
versity protection can occur. In the area of renewable energy,
for instance, conflicts between climate protection and bio-
diversity arise. Further expansion of hydropower can lead to
a decrease in biological diversity in flowing waters. Increasing
land use for the cultivation of energy crops or intensive use
of forests can impair their functions as carbon sinks and have
impacts on biodiversity. Early identification of possible con-
flicts between climate and biodiversity protection enables the
best use to be made of existing synergy potentials (Volume 3,
Chapter 2).

Sustainable consumption offers significant GHG reduc-
tion potentials. Demand-side changes, such as changes in di-
etary consumption habits and measures to reduce food waste,
can make a significant contribution to GHG reductions (Vol-
ume 3, Chapter 2).

In the EU25, almost 30% of total GHG emissions from
consumption can be attributed to food. The consumption
of meat and dairy products causes 14 % of total GHG emis-
sions in the EU27. In Austria, GHG emissions of food con-

sumption are likely to be similar to those in Germany, where
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roughly half of GHG emissions related to food consumption
come from agricultural production — 47 % from meat and 9 %
from plant production. The remaining 44 % of GHG emis-
sions from food consumption come from processing, trade,
and consumption activities such as cooling etc. (Volume 3,
Chapter 2).

Significantly reducing animal products in the diet can con-
tribute considerably to GHG emission reductions. A regional,
seasonal, and predominantly vegetarian diet as well as the con-
sumption of products with lower GHG emissions across the
entire supply chain can result in significant GHG savings. A
greater consumption of organic products, combined with a
change in consumption toward more plant products to com-
pensate for the lower output of organically grown products
and thus the extra growing space required, can also contribute
to GHG reductions. Overall, it is estimated that an extensive
change in diets could save over half of GHG emissions related
to food production (Volume 3, Chapter 2). Such behavior-
al changes also have significant knock-on effects in terms of
health improvements (Volume 2, Chapter 6).

Decreasing losses in the entire life-cycle (production and
consumption) of food could make an important contribution
to GHG reductions. However, data on food loss and waste in
Austria are contradictory and not very robust; in some cases
the avoidance potential is quite low, when compared inter-
nationally. Substantially more research is needed (Volume 3,
Chapter 2).

Systemic effects cause large uncertainties in the compre-
hensive assessment of GHG effects of bioenergy. These ef-
fects relate particularly to direct and indirect effects of land-use
change. Land-use related GHG emissions from bioenergy pro-
duction can be either positive or negative. In many cases they
are the decisive factor in determining whether replacing fossil
energy by bioenergy actually achieves the desired GHG emis-
sion reduction effect. The extent of GHG emissions related to
land use change depends mainly on two factors: i) the usage
history of the land to be deployed for bioenergy cultivation
and the characteristics of the bioenergy crops and ii) systemic
effects such as the displacement of cultivation of feed- and
foodstuffs (indirect land-use change: ILUC). The uncertainties
regarding data and models for estimating ILUC are no justi-
fication for ignoring the systemic effects related to large-scale
cultivation of bioenergy. Ignoring these would be an implicit
assumption that emissions related to ILUC are zero, which
in general is incorrect. Emissions related to ILUC must be
included in calculations of GHG emissions to determine if the
cultivation of bioenergy crops contributes to GHG reductions
(Volume 3, Chapter 2).

5.3.3  Energy

Energy is vital for our economic system and for the produc-
tion of goods and the delivery of services: energy use thus of-
fers a particular large range of possibilities for taking action
and shaping transformation. While energy use per value added
(energy intensity of GDP) has barely changed since 1990 in
Austria, it has decreased significantly in other countries and at
the EU average. From 1990 to 2011 between 4.8 and 5.5 PJ
of primary energy were used per billion EUR of gross domestic
product, without any relevant change in trend. From a cli-
mate perspective, however, this is a significant problem as the
transformation of primary fossi/ energy into energy services is
accompanied by GHG emissions.

For a transformation of the energy system, a focus on
energy services is crucial. Energy services are the actually rel-
evant factor for prosperity. Energy productivity at all levels of
the energy system defines the amount of energy that is nec-
essary for the delivery of the energy service. The energy mix
defines which energy source is used directly for end use or for
input to transformation processes. Climate policy thus needs
to address all three areas of energy demand, energy technolo-
gies, and type of energy sources (Volume 3, Chapter 3; Vol-
ume 3, Chapter 6).

In 2011 total gross domestic energy demand for primary
energy in Austria was over 1400 PJ, with an energy input
that has more than tripled since 1955 (Figure S.3.5). At the
same time primary energy demand stagnated between 2005
and 2011 with a significant reduction in 2009, which can be
attributed to lower levels of production during the economic
crisis (Volume 3, Chapter 3).

During this time, fossil fuels have dominated with a share
consistently over 70 %, which in absolute figures equates to an
increase from approximately 750 PJ (1973) to approximately
1000 PJ (2011). Within the fossil energy mix, the share of coal
has reduced significantly both proportionally and in absolute
terms (from 245 PJ to 145 PJ; Volume 3, Chapter 3).

Demand for petroleum products has increased from 450 PJ
to 550 PJ since 1973, an increase which is due exclusively to the
transport sector. In other sectors (industry, electricity produc-
tion, heating) the use of oil has declined considerably. Gas is the
only fossil energy source whose share of primary energy con-
sumption has increased (in 2011, at around 350 PJ, the share
was almost 24 %). The share of renewable energy had risen to
26% by 2011. Historically, the most important aspects in the
development of end energy use were the increases in the shares
of electricity (from 17 % in 1990 to 23 % in 2011) and of gas
(from 13% in 1990 to 28 % in 2011; Volume 3, Chapter 3).
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Between 1990 and 2011 the share of energy-related
GHG emissions was approximately 87 % of total emis-
sions. Energy-related GHG emissions depend on the de-
mand for energy services, the efficiency of the transformation
technology, and the specific GHG emission factor. The main
reasons for the high GHG intensity of the Austrian energy
system are the high transformation losses (around 50 %) from
primary to useful energy, the high share of GHG emitting fos-
sil fuels (currently around 70 % of Austrian energy use), and
also the low energy prices, which on average have not changed
when accounted for in real prices (i. e., adjusted for purchasing
power). Since 1990 energy-related GHG emissions in Austria
have risen practically only in the transport sector (up to al-
most 25 Mt CO ,-eq. by 2005, slightly declining thereafter).
Conversely, the household sector has registered a decrease of
around 20 % since 1990. All other sectors have only seen very
marginal change (Volume 3, Chapter 3).

Due to its high share of GHG emissions and the numerous
mitigation possibilities, the energy sector is very relevant for
climate protection. The energy sector also offers a number of
synergistic measures that achieve both GHG reductions and
adaptation effects (e. g., passive measures to reduce the cooling
load of buildings, photovoltaics as an additional supply capac-
ity element in summer).

The most important options for mitigating GHG emissions
in each of the individual sections of the energy supply chain
are the following:

Energy production: in principle, GHG emissions in pri-

mary energy use can be reduced by the use of renewable energy

Figure S.3.5. Primary energy consumption in Austria
by energy sources. Source: Graph by R. Haas based
on data of the Energy Economics Group and Statistik
Austria (2013)

sources, and also by carbon capture and storage (CCS) tech-
nologies or the use of nuclear energy.

In Austria the latter two are not considered to be possible
options. Accordingly, only the use of renewable energy is dis-
cussed here. The potential of all available renewable energy
sources in Austria by 2050 is approximately 170 TWh or
610 PJ per year, of which biomass, wind and photovoltaics
could particularly provide a significantly higher contribution
than they currently do (Volume 3, Chapter 3).

Energy transformation and transmission: Depending
on the scenario, up to 100% of electricity generation can be
covered by renewable energy technologies by 2050. The re-
cent market entry of renewable energy represents the most
significant change in electricity production. Due to currently
continuously declining costs, particularly in photovoltaics, the
significant increase in renewables is set to continue. In the next
years this will change the entire Austrian market system, as
very large amounts of electricity are temporarily produced by
these plants, increasing the share of own-consumption; at the
same time electricity storage and smart grids will play a consid-
erably more important role in the electricity system then they
currently do (Volume 3, Chapter 3).

To optimize these developments in the energy system,
changes in infrastructure and structural adjustments to pro-
duction, networks, and storage will be necessary. Barring pos-
sible socio-political concerns regarding, for example, data and
privacy protection changes and adjustments are absolutely
achievable as long as i) energy political framework conditions

are developed and decentralized renewable energy technolo-

73



74

Austrian Assessment Report Climate Change 2014 (AAR14)

gies are deployed in production accordingly, ii) smart grids
are implemented at the level of distribution systems, iii) new
electricity storage technologies and capacities are established
and iv) smart meters are installed at the user level (Volume 3,
Chapter 3).

Changes have already been registered in the area of district
heating (buildings have very low heat density following ther-
mal renovation) for centralized district heating networks; at
the same time, district heating has the potential to facilitate
the transition to a renewable heat supply (Volume 3, Chapter
3; Volume 3, Chapter 5).

Energy use: On the demand side, options to reduce energy
demand are high quality thermal renovation of buildings to
heat and cool residential housing and increased, as well as opti-
mized integration of renewables. Current developments of in-
creasingly ambitious new building standards can make a valu-
able contribution to climate protection and energy efficiency.
Under these circumstances, about 70 % of the energy demand
for significantly thermally improved buildings by 2050 can
be covered from renewables, for which a broad portfolio of
biomass, solar heat, and geothermal energy could be deployed
(Volume 3, Chapter 3; Volume 3, Chapter 5).

In Austria there is significant energy saving potential in
electricity use, although studies clearly show that demand will
continue to rise considerably without significant political in-
terventions and unless there is a portfolio of effective measures
(Volume 3, Chapter 3).

Options to adapt to climate change: The need for the en-
ergy sector to adapt to climate change relates particularly to
the climate-dependency of renewables, increased cooling de-
mand of thermal power plants, and changes in energy demand
through a shift in heating and cooling needs. Potential impacts
of climate change are particularly significant for hydropower
in Austria, due to changes in precipitation amounts and pat-
terns (especially seasonal shifts) and changes in runoff through
increased evaporation. This can also affect conventional ther-
mal power plants indirectly via the availability of cooling wa-
ter. These developments could be countered by changes in tur-
bines or in reservoirs, to either secure or even increase energy
output.

Energy policy instruments: Implementing mitigation
measures will require energy policy instruments, which can be
summarized from the studies and scenarios that were analyzed

in the following portfolio (Volume 3, Chapter 3).

*  CO,related energy tax: The central instrument of most
policy studies is the implementation of continually in-

creasing energy taxes to effectively reduce GHG emis-

sions, combined with incentives to change to less CO,-
intensive energy sources and to increase energy efﬁciency;
this means decreasing energy use but also increasing in-
vestments in energy-efficient appliances, vehicles, and fa-
cilities. Competition on the energy market and the related
switch to cheaper (renewable) energy means that the ini-
tially significant subsidies are no longer given for, for ex-
ample, biological energy sources, hydrogen, or electricity
for e-mobility. The lower taxation rates for these fuel types
shift demand, which results in environmental benefits in
the long-term.

e Standards: Dynamic maximum consumption standards
are particularly important instruments in various areas:
i) tightening thermal building standards for existing
buildings, ii) implementing thermal standards for new
buildings (analogous to plus-energy-houses), iii) tight-
ened standards for electric appliances in households and
in the service industry (office buildings), and iv) rigorous
tightening of standards for CO, emissions from various
alternative energy sources, are all important standards for
reducing and optimizing energy consumption.

*  Other incentive systems: Subsidies are expedient in areas
where the preferred means of financial support for renew-
ables are feed-in tariffs or market premiums, particularly
as long as there are no taxes that incorporate all exter-
nalities; in addition, incentives for the increasing market
integration of renewables into electricity production and
also for heating and mobility are helpful, as are subsidies
for ecological building renovation and explicit incentive
and information systems (e. g., labelling systems) for the
elimination of old and unviable appliances.

o Soft knowledge and skills: Increasing the general knowl-
edge level regarding energy saving is necessary to com-
bat energy poverty and for targeted appliance exchange
and renovation activities. Improved advice for exchang-
ing heating systems, electric appliances, and renovating
buildings are also part of soft knowledge and skills. In
the housing sector especially, there is a great need for au-
diting and monitoring activities to successively identify

energetic weaknesses.

Conclusion. The following basic incentives exist to decrease

GHG emissions in the energy sector:

*  Reducing demand for energy services, for example, heat-
ing/ cooling, electric appliances, motor vehicle use.
* Improving the efficiency of the energy supply chain,

namely, more efficient provision of the energy service, for
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example, more efficient electric appliances, and lower fuel
intensity of motor vehicles at unchanged performance
and service level.

*  Providing the entire energy services demand with energy
sources with low CO, emissions, for instance, through a

shift to renewable energy sources.

Studies with ambitious energy or GHG emission reduction
scenarios assume that on average the use of renewables can be
increased by up to at least 600 PJ by 2050. If it were possible
to lower total energy use to the available level of renewables
in the same time frame, a GHG-free energy supply would be
possible by 2050 (Volume 3, Chapter 3).

In conclusion, the following can be noted: only if a co-
ordinated mix of these individual measures is implemented
and prevailing conditions in society are considered, will it
be possible to broadly unlock the GHG reduction poten-
tial in Austria by 2050 (Volume 3, Chapter 3; Volume 3,
Chapter 6).

S5.3.4  Transport

Of all sectors, greenhouse gas emissions increased most in
the transport sector, by 55 %, in the last two decades. The
regulatory instruments used in the EU in the past years — es-
sentially standards for CO, emissions per km — failed to take
effect for a long time because most of the increased efficiency
of vehicles was compensated for by increased driving distances
and larger/ heavier vehicles (Volume 3, Chapter 3).

Assuming that increasing transport performance and ve-
hicle kilometers travelled will be as indicated in the Austrian
transport forecast 2025+ with no additional measures, and
taking into account the technical regulations (EU and national
level) that have already been decided, CO2 emissions in the
transport sector can be expected to continue to rise over the
next few years. The technical thresholds that have been agreed
will lead to a decrease in CO, emissions only by the middle
of this decade; emissions would still be 12 % above 1990 val-
ues in the year 2030. In 2030 around 45 % of transport- re-
lated CO, emissions would originate from passenger cars and
roughly 35 % from road-based goods transport (values do not
consider air traffic; Volume 3, Chapter 3).

The first successes from the limitation of CO, emissions
per kilometer for passenger cars and delivery vans are already
visible. In the past, changes in public transport supply and
(perceptible) price signals have also had an effect on the share
of private motorized transport in Austria (Figure S.3.6; Vol-
ume 3, Chapter 3).

To achieve a significant reduction in greenhouse gas
emissions from passenger transport, a comprehensive
package of measures is necessary. Key to achieving this are
marked reductions in the use of fossil-fuel energy sources,
increasing energy efficiency, and changing user behavior. A
prerequisite is improved spatial structures of economic pro-
duction and settlement, where the distances that need to be
travelled are minimized. This could strengthen the environ-
mentally friendly forms of mobility used, such as walking and
cycling. Public transportation systems could be expanded and
improved, and their CO, emissions minimized. Technical
measures for car transport include further massive improve-
ments in vehicle efficiency of vehicles or the use of alternative
power sources — provided that the necessary energy is also pro-
duced with low emissions (Volume 3, Chapter 3).

Freight transportation in Austria, measured in ton-
kilometers, in the last decades increased more than gross
domestic product. The further development of transport de-
mand could be shaped by a number of economic and social
conditions. Optimizing logistics and strengthening the CO,
efficiency of transport are two potential control functions. A
reduction in greenhouse gas emissions per ton-kilometer can
be achieved by alternative power and fuels, efficiency improve-
ments, and a shift to rail transportation (Volume 3, Chapter 3).

Substantial reductions in GHG transport emissions re-
quire a coordinated portfolio of political measures, which
include avoiding transport (reduction of distance travelled),
a shift to more efficient transport modes (public transport),
and the use of “zero-emission” vehicles and renewable ener-
gy (Figure S.3.7). Central aspects are appropriate economic
framework conditions, namely, new price (for motorized pri-
vate transport) and tariff systems (for public transport) as in-
centives to shift from motorized private transport to public
transport and zero-emission vehicles (Volume 3, Chapter 3).

Spatial planning measures could also contribute to a reduc-
tion in vehicle kilometers (passenger and freight) travelled, by
placing people’s basic needs (living, working, education, recre-
ation, community) and economic exchange processes close to-
gether. Higher efficiency in car transport can also be achieved
by higher occupancy rates (carpools, fewer unladen journeys,
less searching for parking spaces etc.; Volume 3, Chapter 3).

Reducing the use of fossil energy requires combustion mo-
tors with lower consumption or measures that promote ve-
hicles with lower CO, emissions (such as, for example, e-mo-
bility, generated by renewables) and an increase in the energy
efficiency of traffic flows (Volume 3, Chapter 3).

Spatial planning: From a spatial planning perspective, the

biggest adaptation successes are to be expected in the Alpine
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region through the general further development of planning
instruments and cooperation across countries and sectors. The
resulting knowledge transfer and the accompanying awareness
raising should offer avenues for developing robust settlements
and infrastructures, as well as protection against natural haz-
ards, optimal management of water and other resources; these
sustainably provide landscape development and safeguard
open spaces and also bring about a reorientation of tourism
(Volume 3, Chapter 3).

Economic sphere (taxes and subsidies): All studies ana-
lyzed with regard to new pricing systems for motorized private
transport, identify similar priorities: continually rising (CO,-
based) fuel taxes could be particularly effective, supplemented
by a consumption-based vehicle registration tax, which should
avoid trends toward larger vehicles and ensure greater efficien-
cy. Supportive measures could include road-pricing in larger
cities, abolishing benefits for company cars, revenue-neutral
reshaping of commuter tax breaks, development of new con-
cepts for and intensification of parking management and sim-
plifying tariffs for public transport together with increasing
incentives to purchase season tickets (Volume 3, Chapter 3).

The significant effects of price increases on energy- and
GHG intensive forms of mobility in favor of reduced kilo-
meters driven and/or a shift to other means of transport or
public transport have been scientifically validated (Volume 3,
Chapter 3).

Traffic planning and “soft tools”: Inducing shifts in passen-
ger transport requires the further development of public trans-
port and increased incentives for its use, better mobility man-
agement in companies, supporting bicycle transport (building
new cycle paths, closing gaps in existing cycle path networks,
building bicycle parking spaces) and convincing public re-
lations work (Volume 3, Chapter 3; Volume 3, Chapter 6).

Implementing a shift in freight transport requires improved

logistics, higher capacity utilization of haulage (in terms of

W total off-road Figure S.3.6. Historical development

o B snr of CO,-emissions in transport from

W LNF 1950 to 2010 in Austria; LNF = light

H Motorcycles commercial vehicles (<3.5 t total weight);

I Mopeds SNF = heavy duty vehicles (>3.5 t total

M Passenger cars weight and buses); Off-road = trains (steam
and diesel traction, construction machines,
agricultural machines, lawnmowers, etc.).
Source: Hausberger and Schwingshackl
(2011)

weight and volume), and increasing the attractiveness of rail
and inland water (Danube) vessels by developing rail routes and
connections to shipping infrastructure (Volume 3, Chapter 3).

Technological solutions for alternative drive technolo-
gies, alternative energy forms, and increased efficiency in
conventional “vehicles”: More efficient technologies include
primarily the increased use of alternative fuels and an increased
share of electrically driven passenger cars and light commercial
vehicles and the reduction of specific CO, emissions of biofu-
els, so that they emit 70 % less than fossil fuels by 2020. The
extent of reductions is limited by the emissions that occur dur-
ing the production of biofuels, so that their large-scale use is
increasingly being called into question (Volume 3, Chapter 2;
Volume 3, Chapter 3).

Until 2030 the relevance of alternative fuels (biofuels, hy-
drogen, and natural gas) will remain within moderate lim-
its. Electrification of road freight transport is currently not
sensible, leaving biofuels as the only viable alternative both
in these applications and for mobile machinery (Volume 3,
Chapter 3).

S.3.5 Health

The Austrian health system can make a significant contri-
bution to an equitable climate transformation. The Aus-
trian health and welfare systems employ approximately 10 %
of the workforce and produce approximately 6% of Austri-
an gross value added; this share is growing. This important
role in the Austrian economy also entails a large responsibil-
ity of the sector for the sustainable development of the ser-
vices it supplies. As ecological sustainability is important for
the long-term support and preservation of health, the health
sector has a role model function, which underlines its re-

sponsibility in the context of climate protection (Volume 3,
Chapter 4).
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Figure $.3.7. A comparison of characteristic CO,-emissions per passenger-kilometer and ton-kilometer for different transport modes that use
fossil energy and thermal electricity generation in the case of electric railways. Source: IPCC (2014)

Many measures in health care were not specifically devel-
oped for the sector, but are part of sectoral strategies. Measures
such as high thermal building standards, efficient energy man-
agement, and the transition to renewable energy sources also
possess high potential for emission reductions in the health
sector (see strategies in the section on “buildings” and Vol-
ume 3, Chapter 5), as a number of pioneers have already dem-
onstrated. Health care has particular opportunities to reduce
emissions in the areas of mobility, environmentally and re-

source-friendly procurement and climate-friendly waste man-

agement. In this regard, establishing incentives for patients
and staff to engage in climate-friendly behavior can make a
significant contribution (Volume 3, Chapter 4).

Adaptation in the context of health relates to institution-
ally and privately planned measures on the one hand and to
biological-physiological processes on the other. The latter are
automatic, subconscious processes in human bodies and take
place at different levels and at different speeds. In this context
it is important to gain knowledge about the existing borders of
such adaptation processes and the high-risk groups who, due
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to various factors (age, medical history, social factors etc.), pos-
sess limited adaptation abilities. While biological-physiolog-
ical processes tend to allow adjustments to be made to short-
term weather events, institutional adaptation strategies help
adjustment to long-term changes and support of the high-risk
groups (Volume 2, Chapter 6; Volume 3, Chapter 4).

The health system is thus a central element in improving
the capacity to adapt to the possible health impacts of climate
change. High-risk groups should be particularly supported, as
they are sensitive to climatic changes due to age or medical his-
tory. Furthermore, sustainable health care focuses on preven-
tion rather than on the treatment and cure of illnesses. Such a
transformation requires structural changes to be made to the
entire system (Volume 3, Chapter 4).

Risks, as in newly introduced or established pathogens and
vectors are almost impossible to predict and the possibility of
taking prophylactic action is very small. They are therefore a
big challenge for the health system (Volume 2, Chapter 6).
Continual and detailed collection and monitoring of health
data, which need to be regularly linked to climate and prolif-
eration data, serve as an important basis for developing target-
ed adaptation strategies. To date, such studies are temporally
selective or geographically limited to a few regions in Austria
(Volume 3, Chapter 4).

A barrier in the health care context is the limited avail-
ability of data. Although the health system routinely collects
health data, these are either not available or not available in
sufficient detail for scientific research. Sufficient data as a basis
for conceptualizing adaptation strategies and without which
meaningful and detailed analyses of regional and local dose-
effect-relationships, are hard to generate; this area is currently
hampered by concerns over data protection, unclear com-
petences, lack of cooperation, and technical problems (Vol-
ume 3, Chapter 4).

In any case, health-related adaptation can entail behavioral
changes on the part of many individuals, of large parts of the
population, and of members of particular high-risk groups
(Volume 3, Chapter 4).

Finally it is important to note that adaptation and mitiga-
tion measures in other areas can also be relevant for human
health. It is thus important to avoid negative feedbacks and,
conversely, to make use of synergetic effects between different
areas and sectors (Volume 3, Chapter 4).

Climate-relevant transformation is often directly related
to health improvements and accompanied by an increase in
the quality of life. Shifting from car to bike use, for example,
has a proven positive preventive impact on cardiovascular dis-

eases and has other health-improving effects that significantly

increase life expectancy, in addition to positive environmental
impacts. Sustainable diets have also proved to have health-
supporting effects (e.g., reduced meat consumption). Due
to existing feedback effects, total effectiveness is raised when
health experts are given a say in the design and planning of
relevant measures outside the health system. Only this would
make it possible to conceptualize measures so that they are ei-
ther advantageous to health, or at least that the positive effects
outweigh the negative (Volume 3, Chapter 4).

S.3.6  Tourism

Globally, the contribution of tourism is estimated to amount
to be around 5 % of total CO, emissions; emissions are created
due to travel (point of departure to destination), and accom-
modation and activities (on site). Some 75 % of emissions are
caused by tourism due to transportation of tourists, and 21 %
by accommodation (Figure S.2.8; Volume 3, Chapter 4).

Tourism, a significant economic sector, can also be assumed
to be responsible for a relevant and high share of GHG emis-
sions in Austria. When indirect economic effects were ac-
counted for, tourism contributed 7.45 % to total value added
in 2010. To date detailed analyses of emissions from domestic
tourism are lacking; detailed data are available only for snow-
based winter tourism. There, the largest cause of emissions is
accommodation at 58 %, followed by transportation at 38 %.
Cable cars, ski lifts, ski slope maintenance vehicles, and snow
cannons cause only 4% of total snow-based winter tourism
emissions (Volume 3, Chapter 4).

High savings potential with regard to GHG emissions
caused by tourism can be identified in transport and accom-
modation, and could be achieved by adapting the operational
management of tourist facilities.

Successful pioneers in sustainable tourism are showing
ways to reduce greenhouse gases in this sector. In Austria
there are flagship projects at all levels — individuals, municipal-
ities, and regions — and in different areas, such as hotels, mo-
bility, and tourist activities. Due to the long-term investments
involved in infrastructure, tourism is particularly susceptible
to lock-in effects (Volume 3, Chapter 4).

Changes in climate have a significant effect on the Aus-
trian tourism industry. This is due to the high dependence on
local climatic conditions. On the basis of current knowledge
about future climate development, it can be assumed that the
consequences will be both negative (in winter) and positive (in
summer); but economically the negative effect will be more
pronounced because winter tourists spend more. Guarantee-

ing the long-term and sustainable development of the tourism
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industry depends on timely recognition of the advantages and
benefits of climate change as well as an adaptive strategy based
on these insights.

Various areas of Austrian tourism will be affected by climate
change in different ways. It is expected, for instance, that city
tourism will experience barely any net annual change, but
considerable seasonal shifts. It is possible that city tourism
will decrease in summer due to an increase in hot days and
tropical nights. Shifts in tourism flows to other seasons and
regions are possible and can already be observed in some cases.
For alpine swimming lakes, climate change could even turn
out to be advantageous. However, particularly negative effects
are to be expected for Lake Neusiedel — whose water level is
expected to decline considerably — mountain tourism, and al-
pine winter tourism. The main problems for mountain tour-
ism, already in evidence today, are the decline in permafrost
and glaciers, which implies unstable paths and risks of rock
fall. In addition to modifying, maintaining, or indeed creating
new paths to alpine huts, high altitude paths, and routes to
reduce and avoid disproportionate risks, adaptation measure
in mountain tourism also include abandoning old paths and
installing new ones, and the installation of path-information
systems (Volume 3, Chapter 4).

Winter tourism will come under pressure due to the
steady rise in temperature. Compared to destinations where
natural snow is plentiful, many Austrian ski areas are threat-
ened by the increasing costs of snowmaking. Therefore, adap-

tation measures relating to alpine winter tourism are of par-

ticular relevance to Austria. This is due on the one hand to
the high climate sensitivity of winter tourism (dependence on
snow) and to the important position of winter tourism in the
domestic tourism industry on the other hand. This important
position is also due to the fact that while the numbers of over-
night stays in Austria are roughly equal in summer and winter,
the income per guest is significantly higher in winter. Already
today, compensating for reduced natural snowfall through ar-
tificial snowmaking is a widespread measure used to cope with
annually variable snow cover (Volume 3, Chapter 4).

Future adaptation possibilities through artificial snow-
making are limited. Although currently 67% of the slope
surfaces are equipped with snowmaking machines, the use of
these is limited by the rising temperatures and the (limited)
availability of water (likely, Volume 3, Chapter 4). The promo-
tion of the development of artificial snow by the public sector
could therefore lead to maladaptation and counterproductive
lock-in effects (Volume 3, Chapter 4).

Snowmaking leads to higher energy use, which in turn leads
to higher costs and higher prices for skiers. For many people
this is a reason not to go skiing. Another strategy is to expand
or change the location of ski resorts to higher altitudes and
to north faces to secure continuous operation with an earlier
start and later end to the season. Such measures have already
been observed in the past. However, this strategy also has sev-
eral disadvantages, such as i) conflicting with skiers’ preference
for sunny slopes, ii) the natural landscape limitations of many

ski resorts to expand to higher altitudes, iii) increased risks of
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avalanches, and iv) exposure to wind and the danger to fragile
ecosystems (Volume 3, Chapter 4).

A general and often mentioned strategy to adapt to climate
change — not just for winter tourism — is diversifying supply.
Due to the implicit insurance effect, a mixed supply portfolio
is subject to lower risk than a one-sided supply. However, re-
sults show that the potential for diversifying supply is limited,
as ski destinations are visited for snow-based activities not be-
cause of activities that can take place independently of snow
(Volume 3, Chapter 4).

A strategy of last resort for particularly endangered areas
could be the compilation of an integrative exit scenario from
snow tourism. Particularly at the edge of the Alps and at low
altitudes, some resorts that are no longer profitable have al-
ready started to close. A well-known and successful example
of an actively planned exit from winter tourism following a
number of winters with little snow at the start of the 1990s
is the ski resort Gschwender Horn in Immenstadt (Bavaria).
The lifts have been removed and the ski slopes restored. To-
day, the resort is used for summer (hiking, mountain biking)
and winter (snowshoeing, ski touring) tourism (Volume 3,
Chapter 4).

Generally there are a number of strategies to enable an ade-
quate adaptation of the tourism sector to climate change (Vol-
ume 3, Chapter 4). The success of these approaches depends
on whether action takes place individually and reactively or in
a linked and anticipatory manner. Only linked and anticipa-
tory activities will avoid counterproductive situations (such as
higher resource use through increased snowmaking) and en-
able long-term, successful development of the Austrian tour-
ism sector (Volume 3, Chapter 4).

Losses in tourism in rural areas have high regional eco-
nomic follow-up costs. As these job losses frequently cannot
be compensated for by other industries, structural change
of this type often leads to emigration. Peripheral rural areas
already face large challenges through waves of urbanization
(Volume 3, Chapter 4).

Tourism could benefit in Austria because of the very
high temperatures expected in summer for the Mediterra-
nean. Summer tourism could benefit indirectly, as the expect-
ed high temperatures in the Mediterranean region will make
the Austrian climate comparatively more attractive (Volume 3,
Chapter 4).

S.3.7  Production
From 1970 to 1995 energy input into Austrian industry was
fairly stable between 200 and 250 PJ/year, but started to rise

steadily thereafter and crossed the 300 PJ mark in 2005 (Fig-
ure S.3.9; Volume 3, Chapter 5).

In the period 1970 to 1995 energy use increased hardly
at all, while production value and quantity almost doubled.
This was because increases in production were compensated
for by increases in efficiency i) as part of general technological
development and ii) due to structural change in production.
Slumps in 1973 and 1980 can be attributed to energy (price)
crises. The share of electric energy has remained almost con-
stant (dotted line in Figure S.3.9) at around 30% in the past
30 years. In the last 1.5 decades the trend changed completely,
leading to an increase in energy input by almost 50 % to over
300 PJ/year (Volume 3, Chapter 5).

Due to the high share of domestically emitted GHGs,
the focus of production has been primarily on mitigation
measures (as opposed to adaptation strategies). Decreasing
emissions of climate-effective gases from energy input into
production can take place though a reduction in energy end
use on the one hand, and through a shift to energy sources
with lower emissions on the other. Process-related CO, emis-
sions can be avoided only through innovations in production
or products. Reductions in other GHGs (methane, nitrogen
oxide, fluorinated hydrocarbons etc.) can only be achieved
through process innovations (Volume 3, Chapter 5).

Although climate protection measures have already been
implemented in Austrian industry, there is still enormous un-
tapped emission reduction potential. This relates in particular

to efficiency measures and the use of renewable energy. How-
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ever, emission reductions in line with the 2°C stabilization
target will require the support and development of radical new
technological innovations (Volume 3, Chapter 5).

Industry is the largest emitter of GHGs in Austria. In
2010 the share of the production sector in both total Austrian
energy end use and GHG emissions was close to 30 %. Emis-
sion reductions of 50 % and above cannot be reached through
incremental improvements and the application of the state of
the art. Such reductions would require either the storage of
GHG emissions (carbon capture and storage, as documented
in EU scenarios for the 2050 energy roadmap) or the develop-
ment of new, climate- friendly processes (radically new tech-
nologies and products and a drastic reduction of energy end
use). This provides an opportunity to develop new materials
and products for international markets (Volume 3, Chapter 5).

Only a few subsectors are responsible for a large pro-
portion of energy demand and GHG emissions. The five
largest emitting (combustion and process emissions) sec-
tors are iron and steel, metal production, mineral products,
pulp/ paper/ printing, and chemicals. Together, these subsec-
tors are responsible for over two-thirds of total production

emissions.

A major emission reduction measure that has already been
implemented due to cost benefits is the shift from coal to gas,
a very efficient reduction strategy. A downside to this strat-
egy is the resource dependence on countries with insecure and
ethically questionable political situations. A number of other
voluntary measures have also already been implemented re-
lating to a reduction in fuel demand. In this context, lower
fuel demand is often compensated for by higher electricity
demand, which improves the emissions balance of the produc-
tion sector but worsens the emissions balance of the electricity
sector. Another measure, to which the largest installations in
the energy-intensive sector are subject, is the “EU Emission
Trading System.” Due to the almost constantly low prices of
certificates, emission reduction signals have been rather minor
(Volume 3, Chapter 5).

In Austria, while efforts to improve energy efficiency
and promote renewable energy can be observed, these lack
sufficient measures to reach the targets that have been set.
With regard to both energy efficiency and the use of renewable
energy sources, the potential is not yet exhausted. With the
exception of the pulp industry, the use of renewable energy
in industry is not yet prevalent. Depending on the location,
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small-scale hydropower plants can offer an alternative source
of electricity generation. In addition to the use of renewable
energy sources, industrial combined heat and power genera-
tion is crucial. The paper and pulp industry in particular has
very good pre-conditions in this context. There is also sig-
nificant potential in the generation of electricity from low
temperature waste heat (ORC installations). In the medium
term some of the technologically necessary carbon can also
be procured from biogenic sources. This also requires sig-
nificant further research (Volume 3, Chapter 5; Volume 3,
Chapter 6).

If the emissions in other countries caused by consump-
tion in Austria are included, emission figures in Austria are
around 50 % higher. An effective climate protection strategy
in industry should consider global processes and include these
as a central element. Demand in Austria contributes to the
emissions of other countries. If these emissions are included
and adjusted for emissions related to Austrian exports, Aus-
trian “consumption-based” emissions can be calculated. These
are considerably higher than Austrian emissions as recorded in
UN statistics and are on the increase (they were 38 % higher in
1997 and 44 % higher in 2004). The flow of embodied emis-
sions in goods shows that most emissions caused by Austrian
imports come from China, southern and eastern Asia, and
Russia (Figure S.1.5). Consideration of the global context also
puts the sometimes high decreases in industrial end use and
the emissions of other EU member states into perspective, as
these are often due to a relocation of energy-intensive industry
(Volume 3, Chapter 5; Volume 3, Chapter 6).

Currently, none of the sectors investigated have strate-
gies to adapt to climate change. Expected potential challeng-
es are changes in demand for cooling and heating, the avail-
ability of bio resources (e.g., wood), and a climate-induced
change in demand.

S.3.8  Buildings

Statistics Austria’s complete inventory of the number of build-
ings and homes and the micro census, which contains a statis-
tically relevant sample of homes, form the basis of all Austrian
studies on buildings. For commercial buildings, there is an
initial study evaluating energy use in various sectors.

The number of commercial buildings and homes in Austria
has been increasing on a linear basis since 1961, due to the ris-
ing population on the one hand and the increase in space used
per person on the other. In 2011 there were around 4.4 mil-
lion apartments in 2.2 million buildings, of which around

75 % were single and two-family homes. Around 70 % of liv-

ing space was constructed before 1980 with a low energy stan-
dard. A large proportion is suitable for energetic renovation
(Volume 3, Chapter 5).

Space heating and other small uses are responsible for
28% of energy end demand and 14 % of GHG emissions.
Despite continued construction of domestic and commercial
buildings, energy demand has remained fairly constant since
1996, as additional energy demand by new buildings and
energy savings through demolition and renovation are more
or less balanced. At 260 PJ/year, domestic houscholds are re-
sponsible for roughly 62 % of energy demand and private and
public service providers at 130 PJ for about 31 %. The remain-
ing demand is from agriculture. In domestic households, space
heating has the main share with over two-thirds (195 PJ/year),
domestic hot water is at roughly 13 % (35 PJ/ year), and cook-
ing at just under 3% (7 PJ/year). The rest (remaining 37
PJ /year) is equivalent to domestic electricity demand. Wood,
gas, and oil, each provide around 27 % of heating and warm
water; district heating provides 14 % and electricity 9 %; solar
heat and heat pumps each provide around 2 %.

While the share of renewable energy for domestic house-
holds increased from 22.9 % to 26.9 % and district heating in-
creased from 6.9 % t0 9.9 % in the period from 2003 to 2010,
the share of fuel oil dropped from 25 % to 19 %. Natural gas
remained constant at 20.5 %, and the share of coal was very
small, all of which demonstrates a clear trend toward renew-
able energy sources and district heating. This trend is strongly
supported by the high volatility of oil prices and the availabil-
ity of technically advanced automatic heating systems that run
on renewables.

The main energy sources in the public and private services
sector were electricity (28 %), district heating (23 %), natu-
ral gas (209%) and fuel oil (13 %), while biomass contributes
only 2.5 % (renewables were not specified). Pipeline and grid-
bound energy sources provide over 80% of energetic end use
in the services sector; at 4.2 %, coal, diesel, petrol and liquid
gas as well as renewables and waste played only a marginal role
in the sector total.

In 2010 Austrian households emitted 24 Mt CO,-eq. of
GHGs including biomass (equivalent to 26%). If the CO,
emissions from biogenic energy sources are calculated as be-
ing CO,-neutral, as is the case internationally, emissions are
reduced to 17 Mt and the share declines to 24 %. Heating and
other small use as well as warm water and electricity are each
responsible for half.

According to the 2011 Austrian climate protection report,
the sectors “space heating and other small use” in households

(not including electricity and district heating) contributed
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14% to GHG emissions. This percentage is considerably
lower than the share of 28 % of final energy demand because
of the use of energy sources that emit less CO, (biomass and
district heating).

Changes in outside temperature caused by climate
change will result in lower heating demand, but will in-
crease buildings’ cooling demand. Adaptation strategies in
the building sector require legal instruments and subsidies to
reduce the cooling demand of buildings and support techni-
cal measures relating to the orientation of buildings, window
areas, storage space, night—time ventilation, etc.

On the basis of the IPCC 1S92a scenario and the algo-
rithms used in the Austrian implementation of the EU En-
ergy Performance of Buildings Directive (EPBD), heating de-
mand will reduce by approximately 20 % between 1990 and
2050, while cooling demand increases. However, heating
demand will nevertheless dominate cooling demand in most
buildings.

Technological progress in recently constructed build-
ings and renovation has significantly reduced space heat-
ing energy demand, which decreased from 42 kWh/m?/year
to 28.8 kWh/m?/year in subsidized housing from 2006 to
2010. In accordance with the European buildings directive’s
(amendment 2010) move toward “nearly zero-energy build-
ings”, implementation of ambitious standards for new build-
ings is necessary, to achieve long-term climate protection
targets. Following thermal-energetic renovation of domestic
buildings, the space heating demand reached an average val-
ue of 48.8 kWh/m?/year in 2011. In 2006 this value was

at around 67 kWh/m?/year. As the majority of homes are
already built, the energetic renovation of buildings is the single
most important mitigation measure.

GHG emissions can further be decreased by the optimal
use of renewables in buildings. An analysis of the potential
of renewables in building use, however, needs to consider the
entire energy system including transport, trade, industry and
buildings, to avoid an isolated consideration of buildings that
yields an over-estimation of potential for this sector.

The lower the energy demand of buildings, the easier it
is to supply them with renewables. Solar heat and photovol-
taics can increasingly be used for areas that are not necessary
for illumination and are oriented accordingly. The scalability
to very small sizes and capacity will mean a possible increase in
the use of heat pumps operated with renewables. The limited
availability of biomass means that its use will be expanded in
industry and mobility rather than in buildings, with the excep-
tion of self-supply in rural areas. The increasing efficiency of
buildings will mean that local district heat networks will play
an ever-smaller role, as the ratio of heat provided to network
losses becomes increasingly unfavorable.

Without major political interventions, domestic electricity
consumption will continue to rise. Although efficient technol-
ogies increase the theoretical reduction potential, the increase
in electricity intensive applications and constantly low electric-
ity prices implies total electricity consumption to continue to
rise, at least moderately.

Through increased efficiency, renewable energy could
cover around 90% of heating demand of buildings by
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2050. The Austrian energy strategy — which for the most part
lacks specific measures — allows for an investment of €2.6 bil-
lion/year to achieve a 3 % annual renovation rate for domestic
buildings up to 2020. This will trigger gross production value
of around 4 billion €/year, with subsidies of around €1 bil-
lion/year. A 3% renovation rate for commercial buildings
would require around €400 million/year additionally. This
could save some 4.1 Mt CO,-eq. GHG emissions/year and
€1.33 billion/year in energy costs, creating around 37000
new jobs by 2020. With a time-span of 10 years, this would
require subsidies of around €14 billion and would perma-
nently save in the region of 3400 t CO,-eq./year of emissions
(Volume 3, Chapter 5).

Options to further improve energetic building renova-
tion include increased energetic and ecological orientation of
building regulations for new buildings and renovations and a
shift of housing subsidies toward renovation. The quality of
data on the building stock and energy consumption (particu-
larly for commercial buildings) in Austria could be improved.

Only few studies are available on urban climate in Austria
(city planning, surface coloring, greening buildings), so that
an estimation of temperature reduction measures to mitigate
climate-induced warming in urban areas (and heat islands)
and the related energy and emission savings is not yet possible.
Detailed economic studies on broad cost/benefit analyses of
high-value building renovation are also lacking, as most stud-
ies focus only on individual buildings (Volume 3, Chapter 5).
S$.3.9  Transformative Pathways
Without measures to curtail emissions, significant negative
consequences for the biosphere and socioeconomic conditions

can be expected globally. An important target value to limit

“dangerous” climate change in the sense of the United Nations
Framework Convention on Climate Change (UNFCCC) is
to stabilize the increase in global warming at 2°C. In addi-
tion to vigorous mitigation, measures will also be needed to
adapt to climate change that can no longer be avoided even at
this low stabilization level (Volume 3, Chapter 1; Volume 3,
Chapter 6).

The temperature change at the end of the 21* century and
beyond depends on the amount of CO, emissions accumu-
lated by then. Figure S.3.13 illustrates this correlation on the
basis of several models for each of the four “representative con-
centration paths” (RCPs) developed for the IPCC (2013) until
2100.

Climate protection measures implemented to date have
proven to be inadequate to reverse dangerous climate
change. Each additional delay further decreases the chances
of reaching the 2°C stabilization target. Most measures sug-
gested to date are “top-down” and relate to nation states. Some
of these are included in international agreements. A major
reason for the ineffectiveness of current climate policy is that
it does not recognize what a large number of actors have a
share in climate responsibility and that consequently an in-
teractive (bottom-up and top-down), political process with
feedback loops would be necessary for effective regulation.
Further reasons for policy failure are the complex connections
between social, economic, and environmental problems. The
repeated disappointment of high expectations with regard to
international climate negotiations has resulted in the disillu-
sionment of both politicians and the public in climate politics
(Volume 3, Chapter 6).

To develop viable paths to reach the 2°C target, an un-
derstanding of the connection between environmental deg-
radation, poverty, and social inequality is necessary. Exam-
ples of such interactions are the connections between climate
change, mobility behavior, and land use change, changes in
population, the health status of the population and environ-
mental damage, technological change and global market inte-
gration, and the fact that some parts of the world are chang-
ing very rapidly, whilst others stagnate and remain in poverty
(Volume 3, Chapter 6).

From a structural point of view, the climate change crisis
and excessive resource use are closely related to the current-
ly dominant economic order. From this perspective resource-
intensive way of life and production modes, the fact that few
govern over many, and increasing economic inequality are all
both part and root causes of the climate crisis. As currently
prevailing structures and practices are responsible for the

sustainability crisis, they need to be changed to overcome
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the crisis. Such comprehensive change processes aimed at
sustainability are described as social-ecological transforma-
tion (Volume 3, Chapter 6). New paths and practices include
transformative approaches to climate mitigation and adapta-
tion that go beyond marginal and incremental steps. Such
measures can require changes in form and structure and in
so doing open up fundamentally new courses of action (Vol-
ume 3, Chapter 6).

In this sense, the earlier sectoral analysis showed that signif-
icant emission reduction potentials exist in all sectors in Aus-
tria and that measures to use these are known. However, the
analysis also clearly shows that neither currently planned, nor
more sectoral, mostly technology-oriented, measures will
suffice to achieve the expected Austrian contribution to the
global 2°C stabilization target. Mecting the 2°C target re-
quires more than the implementation of incremental improve-
ments to production technologies, greener consumer goods,
and a policy that (marginally) increases efficiency in Austria.
A transformation of the interaction between economy, so-
ciety, and the environment is required that is supported by
behavioral changes on the part of individuals that, in turn,
support such a transformation. If the risk of unwanted, irre-

versible change is not to increase, the transformation needs to be

introduced and implemented rapidly (Volume 3, Chapter 6).

The aims for the development of renewable energy and
energy efficiency included in the Austrian energy strategy are
aligned with the EU targets for 2020, which aim for an EU-
wide reduction in emissions by 20 % in relation to 1990 levels.
On the basis of various global climate protection scenarios,
there are significant doubts as to whether the EU 2020 re-
duction targets are sufficient to reach the long-term goal of
stabilizing temperature change at under 2°C in a cost-eflicient
manner (Volume 3, Chapter 1). In contrast, more stringent
targets for industrialized nations in the minus 25 9% to minus
40% range by 2020 are being discussed, targets which are
also implied by the illustrative reduction pathways in the EU
“Roadmap for moving to a low-carbon economy in 2050.”

When applied to Austria, EU 2020 targets are currently
interpreted as a reduction commitment of roughly 3 % in rela-
tion to 1990. This target for 2020 is considerably lower than
the original Austrian target during the first Kyoto period for
2008-2012. As Austria is a relatively wealthy country with sig-
nificant potential for renewable energy, it would be possible
for Austria to at least align its climate protection targets for
2020 with the original Kyoto targets (-13 % emissions in rela-
tion to 1990).
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Furthermore, studies on the impacts of the economic crisis
from 2008 to 2010 on the EU conclude that the crisis has made
reaching the EU 2020 target of -20 % GHG emissions consid-
erably easier than originally assumed. With additional efforts
these could realistically be surpassed (Volume 3, Chapter 6).

In many policy areas, discussions on social-ecological
transformation are reduced to concepts such as “sustain-
able growth”, “qualitative growth”, or the current variation,
“green growth”. However, these are concepts that would make
production more environmentally friendly through new tech-
nologies, but leave the logic of production and consumption
unchanged. In essence, “green growth” suggests a continuation
of current policy measures to support economic growth, and
merely enhancing these with (mostly unquantified) environ-
mental measures. The recently published “European Report
on Development” (2013) accepts green growth as a policy op-
tion, but at the same time demands a broad range of objectives
and structural changes, which would allow inclusive and sus-
tainable development at the local, national, and global levels.

Modern economies and economic research are structur-
ally closely connected to the paradigm of unlimited eco-
nomic growth, measured on the basis of Gross Domestic
Product (GDP). National and international climate policy
concentrates on growth-dependent policy measures. Only
a small number of studies have critically questioned
the effects of stringent climate protection targets on
the development paths of economies and the expected
feedbacks.

As green growth is a contentious approach, the question re-
mains as to how climate protection and other social-ecological
objectives can be achieved concurrently. For planning and po-
litical decisions and in order to steer social-ecological systems
toward sustainability, appropriate indicator systems, which
can measure societal progress and well-being are necessary.
Several factors that contribute to quality of life, such as resi-
dential building activities, a healthy diet, health care, educa-
tion, or security correlate positively with GDD, the prevalent
indicator. On the other hand, factors and activities that nega-
tively contribute to the common good, such as natural disas-
ters, increasing environmental damage, or processes of social
disintegration can also contribute to GDP growth. For this
reason, a search is under way at the European and interna-
tional levels for more appropriate indicators.

Taken alone, climate friendliness is a necessary, but in-
sufficient condition for sustainable development. Achiev-
ing the 2°C target requires there to be a simultaneous focus
on climate-friendly technologies, behaviors, and institutional
change. This applies particularly to energy supply and de-

mand, industrial processes, and agriculture. These three ar-
eas are particularly important: in 2010 they caused 79 % of
greenhouse gas emissions in Austria, one-third of which was
caused by road traffic, 13% by industrial processes, and 9%
by agricultural emissions. To limit the danger of irreversible
damage, climate friendliness needs to be integrated into future
investment, production, consumption, and political decisions
as a matter of course. At the same time it is important to en-
sure that neither social nor economic framework conditions
are overburdened. Climate friendliness needs to be integrated
into the context of the significantly broader criteria of sustain-
ability.

Although climate friendly measures are often connected
to costs or unwanted changes, they can cause various positive
side effects, for instance, on quality of life, health, employ-
ment, rural development and environmental protection, secu-
rity of supply, and trade balance. The internalization of these
positive side effects of climate protection creates the necessary
room for maneuver.

There are several empirical studies that have analyzed
changes in the energy system up to 2050 in Austria. They all
see potential for reducing energy end use by around 50% by
2050 (Figure S.3.14).

The energy models, with which the scenario analyses de-
picted in Figure S.3.14 were carried out, show that empirical
studies focus mainly on changes in energy supply, while the
significant challenge of analyzing demand and energy use
is for the most part not considered. Investigating these as-
pects would require a significantly higher number of technical
details, actors, and institutional arrangements to be consid-
ered as well as the driving forces of increasing energy demand.
Nonetheless, such analyses are necessary to describe the main
actors, measures, barriers, risks, and costs of transformation.
As the reorganization toward climate compatibility leads not
only to burdens, but can also stimulate important growth sec-
tors, it is in both the public and economic interest to raise
awareness about the new possibilities and expected redistribu-
tion processes. This is necessary to shape effective markets and,
not least, to identify room for maneuver in the international
negotiation of the global 2°C target.

To assess alternative paths toward a transformation to a
climate-friendly and sustainable society within the energy sce-
narios presented above, consideration is needed of the effects
of global and regional development dynamics, which form
the broader context for development options in Austria, and
which have not been fully considered in models. In accordance
with a systemic approach, a chosen framework for climate re-

sponsibility must be specified, before the possible courses of
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action of individual actors are addressed, as this plays a funda-
mental role in defining what constitutes a room for maneuver
and effects of climate protection actions.

In many respects, climate change will have larger impacts
on other regions of the world, which in turn will increase mi-
gration pressures on Europe (and Austria). Although for the
most part migration has taken place within world regions until
now, the current flow of refugees particularly from Africa to
Europe could increase in future. Changes in migration flows
can result from both the impacts of extreme weather events
and long-term climate variability and can be an effective
means of adapting to climate change for many people.

As a small, diversified and economically open economy,
Austria is open to a number of internal and external dynam-
ics, which have been insufficiently represented in energy and
emissions models to date. An example is the rapidly increas-
ing European and global market integration and globalization
that are leading to the internationalization of and an increase
in complexity of process chains of processing industries and
increasing geographical distances between the production and
consumption of goods. Furthermore, as mentioned above, in
Austria the production of imported goods causes more emis-
sions internationally than the production of goods for export
cause nationally (Volume 3, Chapter 6). Climate protection
measures must consider such contexts, as scopes that are too
narrow can lead to a further outsourcing of emissions and con-
sequently fail to achieve their objective of achieving a global
reduction in GHGs.

Austria has pledged to take action in the framework of EU
climate policy (Volume 3, Chapter 1; Volume 3, Chapter 6).
‘This requires a more permanent and long-term planning of

climate goals to be pursued, which recent Austrian climate
policy has failed to achieve. Long-term, binding climate tar-
gets minimize investment risks and allow economic actors to
take foresightful planning decisions for long-living infrastruc-
ture. A fundamental policy measure would be a comprehen-
sive evaluation of subsidies and grants for possible climate
effects, as these are important means of political management.
This would apply particularly to, for example, the low petro-
leum tax in Austria compared with other EU countries, com-
muter tax breaks, residential building subsidies not connected
to energy efficiency requirements, and tax breaks for air travel
and company cars.

New incentive schemes that directly influence action are
particularly important; they can lead to the development of
new business models and slow down energy demand. Energy
service companies (ESCOs) are an example of such a business
model. ESCOs dispose of funds, either alone or in connec-
tion with a financial institute, from which capital funds can
be taken to improve the energy efficiency of installations or
buildings. Parts of the resulting savings in energy costs are then
used to repay the funds used for the investment.

Attaching a cost to CO, can systematically steer produc-
tion, consumption, and investment decisions toward climate
compatibility and accelerate the decarbonization of the energy
system as well as climate-compatible development (Volume 3,
Chapter 6). As buyers need to pay for goods and services in
proportion to their climate impact, accounting for CO, gives
an incentive to change to alternatives with fewer climate im-
pacts — and an incentive for producers, to reduce the carbon
footprint of the goods and services they produce. This is the

idea at the heart of the European Union Emissions Trading
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System (EU-ETS; Volume 3, Chapter 1; Volume 3, Chap-
ter 6). The weaknesses of the current design of the EU-ETS
are the lack of adaptability of the cap and the over-allocation
of certificates (leading to low prices, Volume 3, Chapter 6).
As such, measures to reform the EU-ETS that would stabilize
the price signal required for transformative investments would
be constructive (Volume 3, Chapter 6). The options in this
case are directly steering the prices or steering the quantities,
as has been suggested by the EU Commission (“Market Stabil-
ity Reserve”). In a number of cases the introduction of taxes
on emissions has been shown to reduce emissions (Volume 3,
Chapter 6).

Participatory planning processes will play an important
role in the transformation toward a climate- compatible ener-
gy infrastructure. It will eventually be necessary to define new
roles for individuals, networks, and communities, in order to
engage on new paths toward sustainability. Communal energy
networks have a long history in Austria, but are the exception
rather than the rule in the current market structure. They are
essential for creating new and decentralized energy technolo-
gies and the required power networks in such a way that is
locally accepted.

In this context, the role of social and technological in-
novation will play a central role. Experimentation and learn-
ing from experience is necessary as also is the willingness to
take risks and accept the fact that certain innovations will fail.
This is problematic for individual companies but also for the
public policy area where failure has consistently negative con-
notations (Volume 3, Chapter 6).

Fundamental renewal will be necessary, with respect
to the goods and services that are produced in Austria, as
well as to large-scale investment programs. The assessment
of new technologies and social developments will need to be
based on a variety of criteria (multi-criteria approach) and re-
quire integrative socio-ecologically oriented decision making,
instead of short-term, narrowly defined cost-benefit calcula-
tions. Furthermore, national action should be concerted inter-
nationally, with both neighboring EU member states and the
international state community and in particular in partner-
ships with developing countries (e. g., through cooperation in
the area of technology transfer, such as the “Sustainable En-
ergy for All” initiative).

In Austria, changes in people’s belief-systems relating
to sustainability can be noted and action on a local scale
observed. Individual pioneers of change are already taking
climate-friendly action and have developed novel business
models (e. g., energy service companies in real estate, climate-

friendly mobility, or local supply) and are also transforming

municipalities and regions. Climate-friendly transformation
approaches can also be identified on the political level. If Aus-
tria wishes to contribute to achieving the global 2°C target
and help shape future climate-friendly development on the
European and international levels, such initiatives need to be
reinforced and supported by accompanying policy measures
that create a reliable regulatory landscape.

Policy initiatives in climate mitigation and adaptation
are necessary at all levels in Austria if the above objectives
are to be achieved: at the federal and provincial levels and
the level of local communities. Within the Austrian federal
structure competences are split, such that only a common
and mutually adjusted approach across these levels can ensure
highest possible effectiveness and achievement of objectives.
To effectively implement the substantial transformation that
is necessary, a broad spectrum of instruments also needs to be

implemented.
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