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PREAMBLE

The process of developing a Science Plan dates back to the beginnings of the Climate Change Centre
Austria (CCCA). It was initiated in November 2011 by the launch of a project of the former Federal
Ministry of Science and Research and by the establishment of a CCCA working group. Since then, the
development of the Science Plan has been on the agenda of the annual CCCA General Assemblies, where
the respective developments have been presented, documented, and discussed with the CCCA member
representatives.

A detailed history of the Science Plan is available on the CCCA website (www.ccca.ac.at).

So as to render the development of the Science Plan as participative and transparent as possible, all
formative stages offered various opportunities for participation: from February 2012 to May 2013,
Austrian climate researchers were able to partake (for instance via workshops) in the process which
defined common goals, research areas, and steps.

In April and May 2016, a public comment process was conducted to allow the widest possible invol-
vement of interested individuals. The CCCA community was kept up to date on the development of the
Science Plan via the CCCA newsletter on regular basis. The Science Plan was, moreover, coordinated
with the Austrian Assessment Report (APCC AAR14), which resulted in the identification of current
research topics.

For quality assurance, review editors provided support during the drafting process of the present version
of the Science Plan (as of March 2017) in its final stage. This present version was submitted and approved
in accordance with the CCCA Statutes (§10) in March 2016 during the 9th CCCA General Assembly.



. INTRODUCTION

The Science Plan originated in November 2011,
when the former Federal Ministry of Science and
Research (now Federal Ministry of Science, Re-
search and Economy) tasked the Climate Change
Centre Austria (CCCA) with developing a Science
Plan for Austrian Climate Research. The CCCA’s
key responsibilities are: to provide continual, long-
term co-operation and networking opportunities
among its members; to facilitate access to all re-
levant data on climate change; to further the ex-
change of climate change-related models, tools,
and research approaches; to improve the quality
and efficiency of climate research in Austria; to
conduct lobbying activities on political and stra-
tegic levels; to establish networks and coordinate
research.

In keeping with the CCCA’s self-conception, the
Science Plan is designed to foster climate research
in Austria. Interlinking globally relevant research
questions and national research requirements will
improve the quality of Austrian climate research
and increase its visibility. The Science Plan aims to
engender maximum efficiency by drawing on cur-
rent developments and promoting national syner-
gies and core competencies. Highlighting certain
Science Plan topics is in keeping with the CCCA’s
mission to support both the public and policy ma-
kers in addressing climate change challenges by
providing scientifically sound findings.

The Science Plan identifies relevant research topics
based on gaps in scientific knowledge, established
research competencies, as well as societal know-
ledge requirements and needs for action. These
topics were determined by the Austrian climate
research community in an open process and are
modelled on international programmes. Climate
change poses one of the biggest current and future

challenges which affect all areas of the natural en-
vironment as well as society. As a result of the ma-
nifold complex connections between humans and
the environment, understanding the causes and
drivers of climate change is an essential prerequi-
site for developing strategies to cope with climate
change and its impacts. Climate research encom-
passes the scientific analysis of climate change and
its physical, political, economic, cultural, and so-
cietal causes as well as the assessment of socio-eco-
nomic and environmental climate impacts.

The aim is to provide information on potential cli-
mate change mitigation strategies and measures,
adaptation to climate change, and on transforma-
tion towards a climate-friendly society, which is
a requirement for the successful implementation
of sustainable measures.Mitigation, adaptation,
and transformation overlap in many ways. In the
context of climate change, they are, moreover, lin-
ked to changes in societal patterns of production,
consumption, and behaviour, and to how political
measures are drafted, institutionally defined, and
implemented (policy and governance).

I.I. SciENcE PLAN OBJECTIVES

The Science Plan presented by the CCCA is inten-

ded to provide orientation for both the research

community and research policy makers and
should be an incentive to develop an advantageous
course for Austrian climate and climate impact re-
search over the next five to seven years. The CCCA

Science Plan thus represents a strategic document

which

« serves as the mission statement and basis for
co-ordinating Austrian climate research;

« contributes to increasing the societal efficacy
and acceptance of climate change research be-
yond the parameters of scientific excellence,
so as to fulfil society’s broad need for informa-
tion;



o supports the decisions-making processes con-
cerning the direction of Austrian climate re-
search according to societal and/or scientific
priorities;

o promotes Austrian climate research so as to
foster networking activities with the interna-
tional scientific community and thus increa-
ses the visibility of Austrian climate research
in order to create synergies and avoid parallel
activities;

o contributes to important international de-
velopments such as the process of defining and
implementing the United Nations’ Sustainable
Development Goals (SDGs) or the activities
of the Intergovernmental Panel on Climate
Change (IPCC) which formed the basis for
the 2015 COP21 Paris Agreement — a histo-
ric milestone in climate change mitigation and
adaptation;

« functions as the basis for providing research
results which can be utilised in the form of cli-
mate services.

The Science Plan’s guiding principle is to expand
scientific knowledge by conducting scientifically
and societally relevant research on climate topics
in both an Austrian and a global context. The focus
on Austrian realities and needs also involves an af-
filiation to the international research community.
Embedded in disciplinary, interdisciplinary, and
transdisciplinary contexts, both basic and applied
research contribute to knowledge gain.

|.2 STRUCTURE OF THE SCIENCE PLAN

Although the Science Plan is conceived as a five-
to seven-year research strategy (comparable to the
publication periods of IPCC reports), it should
be considered a living document which can be
scrutinised and adapted whenever necessary. The
Science Plan pinpoints existing requirements and

gaps in scientific knowledge, thus identifying futu-
re research needs. It is also meant to help create an
appropriate framework for national research fun-
ding policies.The Science Plan adheres to a struc-
ture which follows the International Assessment
Reports (IPCC) and the APCC Austrian Assess-
ment Report (AAR 14).

The research needs for individual research topics
are therefore presented according to the following
five subareas: Influencing Factors and Charac-
teristics of Climate Change (chap. 3.1), Climate
Change Impacts (chap. 3.2), Adaptation to Cli-
mate Change (chap. 3.3), Mitigation of Climate
Change (chap. 3.4), and Societal Transformation
Processes (chap. 3.5). This structure is supplemen-
ted by a chapter on cross-sectional interdisciplina-
ry and transdisciplinary topics (chap. 3.6). These
may either be methodologically relevant for all five
subsections or address issues particularly relevant
to the Austrian context to which all subsections
can contribute.

The final chapters are dedicated to establishing a
general framework necessary for high-quality cli-
mate research (chap. 4) and to presenting the sta-
tus quo of climate research in Austria and current
competencies (chap. 5).
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Fig. 1
2. NEw CHALLENGES FOR SCIENCE

2.1 THE (SELF-) CONCEPTION OF SCIENCE
Global change in general and climate change in
particular pose major scientific challenges. They
go beyond the question of how to solve or overco-
me specific problems and impact on how science
understands and defines its own role. The use of
fossil energy resources and the steady increase in
technological developments since the beginning of
the Industrial Revolution have made the inherent
nexus between society and the natural environ-
ment palpable.

In order to tackle the subsequent challenges, re-
search of individual science disciplines must be
complemented by applying inter- and transdisci-
plinary approaches.Numerous scientific aspects of
climate change and its impacts remain unresolved.
Still, a plethora of related questions in the social
sciences — whether sociology, economics, law, or
psychology - remain unanswered.

Finally, also contributions from the humanities -
such as from philosophy or history - are certainly
relevant. Furthermore, inter- and transdiscipli-
nary co-operation is necessary when it comes to
addressing the increasing complexity of problems
not confined to a specific discipline. However, aca-
demic disciplines concerned with climate change
are currently facing far more extensive challenges.
The task at hand is no longer merely to develop
interdisciplinary solutions in the context of both
the generation of system knowledge through basic
research or in utilising this knowledge in applied
research. The increasingly important task is, rat-
her, to generate transformation knowledge.

Against this backdrop, scientists are facing chal-
lenges in the philosophy of science in terms of
ethical, psychological, sociological, and linguistic
issues:

A transdisciplinary dialogue between science, the
public, and decision-makers is necessary so as to
ensure that society takes notice of and considers
solutions proposed on the basis of scientific re-
search for the achievement of sustainability goals.
If science and society join forces in generating
knowledge and defining relevant common issues,
this will create a sense of ownership which is, in
turn, necessary to trigger a social transformation
process that goes far beyond reactive adaptation
and prevention. In inter- and transdisciplina-
ry contexts, scientific progress cannot only to be
measured against established mono-disciplina-
ry criteria, but also in terms of the added value it
contributes to solving societal problems (societal
impact).

Research on global climate change and the cor-
responding societal changes is post-normal and
raises many ethical questions: What role do scien-
tists play in public discourse? Where do scientists’



responsibilities lie when policy makers and the
public expect information and solutions which are
often the subject of basic research?

The question is whether the sciences concerned
with climate change have the appropriate tools and
methods for conducting respective research. Both
the role of scientists and scientific institutions, the
inherent laws of the scientific system, and how the
public perceives of them are, likewise, essential.

In this context, two-way communication is ne-
cessary to ensure that the information provided is
credible, relevant, and legitimate.

Stakeholders should therefore be involved in
the research process from an early stage onward
(co-design, co-production, co-exploration).

2.2 ScieENce COMMUNICATION

Given the immense relevance of climate research
for society, communication between science and
the public is crucial. The uncertainties inherent in
climate-relevant data (which may serve as a basis
for decision making) and the question of how to
communicate these uncertainties pose major pro-
blems when informing decision-makers and the
wider public. Regardless of the scientific fields in-
volved, the way in which climate data is processed
is an important means of making the respective
content comprehensible according to its context.
Climate research is therefore called upon to pay
close attention not only to new research results but
also to their communication.

The information and messages should be unders-
tandable and should not suggest invalid conclu-
sions. In the areas of citizen science / responsible
science appropriate approaches do already exist.
It would be beneficial to reach a balance between
scientific excellence and the ability to make scien-
tific findings accessible to a wider audience.

Special attention should also be paid to social dy-
namics, which, as underlying structures, signifi-
cantly influence the channels of communication
when scientific knowledge is communicated.

3. RESEARCH PRIORITIES

In terms of its structure, the current chapter fol-
lows the IPCC publications and the APCC AAR14.
Chapter 3.1 discusses research questions concer-
ning the physical biogeochemical climate system,
while chapter 3.2 examines climate change im-
pacts. Chapter 3.3 is dedicated to climate change
adaptation, chapter 3.4 to mitigation strategies,
and chapter 3.5 to developing transformation pro-
cesses that lead paths towards a sustainable society.
The final chapter, chapter 3.6, discusses inter- and
transdisciplinary aspects of selected cross-sectio-
nal topics.

Research results constitute the scientific basis for
climate services offered. In order to provide relia-
ble information, research must address both inter-
disciplinary questions and questions pertaining to
traditional scientific disciplines. This requires ap-
plied as well as excellent basic research.

Climate change is a global problem with regional
impacts. The topics of the following sections were
therefore chosen from two perspectives: Which
significant contributions can, and should, Austria
provide to advance the understanding of climate
change, its causes, and its prevention? What re-
search is essential to understand and project cli-
mate change impacts in Austria.



Thematically, the Science Plan also follows inter-
national research activities and programmes such
as Future Earth or the World Climate Research
Program (WCRP).

On account of the diverse topics, fields, and disci-
plines represented in the Science Plan, numerous
international points of contact, programmes, and
activities have been consulted during the prepa-
ration of this document.Austria’s participation
in these activities and programmes is important
to ensure the high quality of Austrian climate re-
search and to provide incentives for international
climate research.

3.1 RESEARCH AREA I: CLIMATE CHANGE,
DRivERs AND CHARACTERISTICS

Research Area I mainly covers topics addressed
in both the IPCC AR5 of WG1 and the first volu-
me of the APCC AARI4, giving high priority to
intersections with topics of other volumes of the
corresponding reports. However, there is no claim
to completeness, especially regarding globally re-
levant questions, since making such large-scale
statements is neither feasible nor desirable for a
country the size of Austria.

The research goal in this area is to gain a better
understanding of the climate system and its pre-
dictability. The direct benefit of such research is to
provide robust information for climate change mi-
tigation and adaptation strategies. Research Area I
covers the topics of improving process understan-
ding, collecting and analysing observation data,
modelling the climate system, and developing ap-
proaches at the intersection with climate impact
research.

3.1.1 Climate Processes and Climate
Process Understanding

The Austrian climate is generally determined by
large-scale and global aspects: by the topography
of the Alps and the influence of the Atlantic, the
Mediterranean, and the Eurasian continent on
the one hand, and, on the other hand, by its em-
bedment in the global circulation of the mid-lati-
tudes which is strongly influenced by changes in
the Arctic and the stratosphere. Regional climate
conditions are, moreover, determined by the topo-
graphy of the Alps and by regional feedback me-
chanisms (such as between the soil and the atmo-
sphere) which cause the Alpine region to be more
sensitive to climate change than the rest of Europe.

Biogeochemical cycles and changes in these cyc-
les resulting from anthropogenic influences are
important for the regional and global climate. Nu-
merous questions in climate change research re-
quire research of meteorological or biogeochemi-
cal processes. However, interdisciplinary research
projects often lack the capacity for this kind of re-
search due to time and financial constraints.

Addressing and solving these issues is nevertheless
indispensable for robust climate research. Exam-
ples for research questions in this regard include
precipitation intensities at higher temperatures
(greater increase than to be expected according
to the Clausius-Clapeyron relation) or the effects
on Northern Hemisphere weather types resulting
from retreating Arctic ice.

3.1.2 Extreme Events

The public, climate impact research, and decision
makers frequently request information on chan-
ges in the occurrence of extreme events, not least
because such events often cause high costs. At the
same time, extreme events are among the aspect of



the climate system with the highest uncertainties.
Small-scale phenomena are currently neither sa-
tisfactorily measured nor modelled. It is thus no
coincidence that the AAR14 contains little infor-
mation on thunder- and hailstorms, tornadoes, or
heavy precipitation events. An important yet still
insufficiently examined type of extreme events is
compound events, where multiple factors interact
and trigger extreme impacts.

In the context of climate change, Austrian research
is, for example, faced with the following questions:
What risks do extreme events in the current cli-
mate have? How and why have occurrences chan-
ged until now? How strongly has climate change
impacted on recent, more pronounced extreme
events? Which future changes are to be expected
in the occurrence of extreme events? What are the
associated uncertainties?

Fig. 2

Profound process understanding is essential for
addressing these questions. Future research tasks
— also in terms of interrelating different sectors —
therefore include the improvement of analyses of
past events and developments, making better use
of indirect information, and improving the simu-
lation of small-scale phenomena in climate mo-

dels.

Downscaling procedures in particular need to be
further developed in order to simulate both chan-
ges in the occurrence of extreme events as well as
extreme events which have not yet occurred.
Another significant question in this context is the
predictability of extreme events, which is of crucial
importance for disaster preparedness and manage-
ment (for extreme events see also chapter 3.6.6).

3.1.3 Predictability

An important goal of climate research is to impro-
ve the understanding of climate system predictabi-
lity and to advance climate forecasts.

In the given context, there are several aspects to
predictability:

(1) making forecasts for the following season or
decade based on the climate system’s current state;
(2) climate change resulting from changes in the
radiative forcing, especially from anthropogenic
greenhouse gas emissions;

(3) changes in the regional climate due to global
climate change.

Predictability is inextricably linked to uncertain-
ties.

3.1.4 Improved Data

Measurements are a key foundation of (natural)
scientific research. Of particular interest for cli-
mate research are, for instance, long-term measu-
rements and attempts at making pre-digital data
available. The current section addresses aspects
which go beyond routine measurements. For fur-
ther remarks on the latter see also section 3.1.4.1.

3.1.4.1 Measurements (Higher Density,
Frequency, and Number of Parameters)
In general, ample high-quality climate data in the
narrow sense are available in Austria, including a
dense measurement network and long-term mea-
surement series, some of which date back as far



as to the 18th century. However, a denser distri-
bution of measurement stations is still necessary,
as is its expansion in spatial terms and regarding
measured parameters. Especially at high altitudes,
only few measurements stations exist, particularly
for measuring strong winds, and only a very small
number of stations measure all parameters neces-
sary to calculate a complete energy balance of the
Earth’s surface, even though the energy balance
constitutes an essential parameter in all local cli-
mate issues.

A related necessity is that of measuring the spectral
albedo. Austria especially lacks soil moisture data.
There are hardly any routine recordings of flows
and vertical profiles of meteorological parameters
in the micro- and mesoscale range. On the issue of
increasing the density of measurement networks
in mountain regions see chapter 3.2.2.

It would be important to extend the measurement
network for air-chemical parameters (such as
greenhouse gas and aerosol concentrations). This
would particularly benefit research in bioclimato-
logy and the quantification of emissions from na-
tural systems and would, moreover, provide a basis
for quantifying interactions between the climate
and the environment.

Remote sensing-based climate observation sys-
tems are gaining importance in supplementing
(not replacing!) validated station data. With few
exceptions, the respective data are not processed in
Austria. Many standard algorithms applied in ana-
lysing, for instance, wind profiles based on satellite
data or surface temperatures are only to a limited
extent suitable for mountain areas. Hence there is
an increased demand for research, development,
and measurement in this area. In expanding the
measurement network, new requirements such as
data for the use of renewable energy must also be
considered. Regardless of how dense and sound a
measurment network may be, the validity of mea-
surement data remains limited and must be taken
into account.

3.1.4.2 Avenues for Experimentation
Experiments cannot be confined to models. In
order to explore basic relationships — especially
under difficult boundary condition - experiments
must also be conducted in nature. This requires
micro measurement networks, such as for the pa-
rameterisation of flows or to gain a more compre-
hensive understanding of the boundary layer in
mountain areas.

3.1.4.3 Expanding Paleo Data

Currently, paleoclimatology mainly draws on pro-
xy data that provide information on summer pe-
riods. Extending proxy data to other seasons and
other climate elements could allow for improved
chronologies and increase the understanding of
both variabilities and processes. Descriptive in-
formation and historical records (data recovery)
provide a further source of historical climate in-
formation.



3.1.4.4 Exploiting Untapped Potential

Numerous existing time series need to be digitised
and homogenised so as to make them accessible
to research. In many cases this requires developing
appropriate methods (for instance in the area of
meteorology) for data with daily or sub-daily re-
solution.

In Austria, the various measurement networks
are operated by different institutions largely in-
dependently of one another. However, systemic
analyses require as many parameters as possible
to be measured and observed (across disciplines),
at least at core measurement locations. Synergies
may also arise with measurement networks ope-
rated or data collected in the context of impact or
adaptation research.

3.1.4.5 Validation of Observation Data
Observation records are usually recorded under
changing conditions and tend to be statistically
processed.This is especially true for gridded data-
sets derived from station data.

These datasets must be validated for their intended
use.

3.1.5 Model Improvement on All Scales

3.1.5.1 Reanalyses

Reanalyses - i. e. measurement data that are grid-
ded and analysed by use of models - are perfor-
med at the interface between measurements and
models. In both atmospheric and impact studies,
reanalysis fields extend the climate dataset into
the past. At the same time, they support valida-
tion of models and parameterisations. The major
European climate research centres are currently
developing regional reanalyses for Europe. The lat-
ter need to be checked for consistency with actual
observations in the Alpine region, also in terms of
trends.

3.1.5.2 Improving Models, Consideration of
Additional Processes, Systems

Climate models can be used to generate climate
projections and for model experiments that im-
prove process understanding. The Austrian clima-
te community themselves do not operate a global
climate model (GCM) but rely on internationally
available model results. This is reasonable, yet a
co-operation between users and model developers
or operators should nonetheless be established.

Such an exchange is necessary to improve the re-
presentation of mountain climates in GCMs as
well as to foster an improved understanding of the
limitations and uncertainties of GCMs and their
impact on simulations of regional climates.

The various regional modelling approaches ap-
plied in Austria (dynamical and statistical downs-
caling, including synoptic downscaling) need to
be further developed. Such further development
is especially necessary with regard to the specific
challenges posed by Austria’s topographic peculia-
rities, but also regarding urban climate modelling.

The relatively new method of inverse modelling
used to enhance the interpretation of measure-
ment data also requires further development.
Regional modelling should be carried out in close
co-ordination with the international CORDEX ac-
tivities. This holds especially true for the creation
of high-resolution regional climate model ensem-
bles. Key questions address the reasonable tempo-
ral and spatial resolution of processes and the le-
vels of model complexity for various applications:
Which processes can be adequately represented by
parametrisation in the context of which considera-
tions; which processes must be explicitly resolved
by a certain model, and where do feedbacks pro-
ve essential? To what extent can models of lesser
complexity provide valid answers?



Increasing the resolution of small-scale climate
models is advantageous. It, however, requires im-
proved parameterisations (regarding, for exam-
ple, convection, cloud formation, snow melt, the
planetary boundary layer, turbulence), better de-
scriptions of boundary conditions (land use, soil
moisture, etc.), and observations suitable for the
validation of model results (see below).
Remaining problem areas include numerical ap-
proaches in very steep terrain and the formation
of inversions, both characteristic feature of nume-
rous Alpine valleys and basins.

Against this backdrop, statistical modelling also
gains significance: To what extent can cost-effecti-
ve statistical models generate valid representations
of complex local climate processes and their res-
ponse to climate change?

Snow cover is an important factor not only for the
Austrian climate but also for several of the coun-
try’s economic sectors. However, snow physics in-
corporated in regional climate models has proven
inadequate. This applies to melting and sublima-
tion processes as well as to the downward shift of
the zero-degree line observed during snowfall in
alpine valleys.

3.1.5.3 Uncertainties, Evaluation

Research must aim at the most comprehensive
quantification of uncertainties possible (especial-
ly regarding extreme events) and strive to reduce
such uncertainties. Comprehensive quantification
is important to avoid overly optimistic estimates
of climate change. It is important to distinguish
between different sources of uncertainty. Dealing
with uncertainties and analysing their relevance
for scientific disciplines that work with climate
model data requires thorough investigation and
transparent communication.

Evaluating the results of climate models should
also include the representation of relevant proces-
ses. On the small-scale, this requires special-pur-
pose measurement networks.

The evaluation of model chains (for instance of
meteorological models and models of biogeoche-
mical cycles or dynamic vegetation models) poses
a particular challenge.

3.1.5.4 Model Coupling, Feedbacks, Consistency
Further developments are required in the fields of
dynamic and statistical downscaling and couplings
thereof. The modelling of feedback effects with the
soil, the biosphere, or geochemical processes poses
a particular challenge.

Model Chains of complex, (mostly) high-resoluti-
on models from different disciplines requires close
verification of the models in question.

In this context, it is necessary to determine whet-
her the output of one model represents viable in-
put for another. This not only applies to the level of
format but also to the consistency of the respective
underlying assumptions, resolutions, etc.
Accessible, validated model chains that address a
variety of questions could help prevent inconsis-
tent model chains.

3.1.6 Interface between Climate
Research and Climate Impact Re-

search; Interaction of Anthropogenic and
Climate-Induced Changes

The interface between climate research and clima-
te impact research needs to be substantially impro-
ved. A close dialogue with the users of data must
be developed, ranging from project development
via data generation and application to the interpre-
tation of respective results (see also chapter 3.6.3).
Statistical correction methods must be evaluated
and advanced. Furthermore, alternative ways of
modelling beyond top-down ensemble modelling



should be explored, such as the simulation of re-
gional narratives describing specific worst-case
scenarios as a basis for climate change adaptation.
At present, interactions between changes that are
climate-relevant but non-climatic (such as cli-
mate-induced changes in the vegetation cover, of
irrigation, or in land management practices) are
hardly taken into account. They may, however, be
relevant to issues of vulnerability, adaptation, or
greenhouse gas emissions.

Climate- and socioeconomically-induced changes
can also have a significant influence on past mea-
surements which has to be accounted for when
analysing trends. Where required, they also need
to be considered in terms of changing boundary
conditions when modelling the future climate (see
also Section 3.2.1).

Finally, but importantly, it is necessary to examine
the relevance of climate-related changes in compa-
rison to other anthropogenic developments.

3.1.7 Climate System Thresholds and
Tipping Points

It is known that in the past various climate system
components or phenomena were subject to abrupt
and, as regards human timescales, partly irrever-
sible changes. The possibility that such tipping
points may occur in the future can currently neit-
her be dismissed nor affirmed. Investigations of
the abrupt climate changes during the Pleistocene
could improve process understanding.

An increase in temperature will, however, doubt-
lessly increase the probability of abrupt future
changes.

The fact that established models are often unsui-
table for identifying such processes renders this
research area both difficult and important. Re-
gardless of their probability, potential impacts on

Austria would certainly be worth investigating.
Climate change may trigger tipping points not
only in the climate system but also in other (such
as natural, political, economic, and social) systems
(see chapter 3.2.3).

Such processes imply enormous impacts on hu-
man civilisation, and in adherence to the precau-
tionary principle they must be taken into account
when making political, economic, and societal de-
cisions.

3.2 RESEARCH AREA i: ImpacTs ON
SocieTY AND THE ENVIRONMENT

Research on climate change impacts and adapta-
tion should always be embedded in a local context
and relate to current societal conditions, transfor-
mation processes, and socio-economic as well as
political developments. Thus, the analysis of cli-
mate change impacts and adaptation should, like-
wise, put a focus on local and regional specificities.
Risk, risk management, or resilience can serve as
central, connecting themes in this context.

3.2.1 Levels of Theory and Methodology

3.2.1.1 Methods for Overcoming Spatial (Local
to Global), Temporal (Past to Future), and Causal
(Cause / Effect) Discrepancies

Both climate change and the processes triggered
by it are characterised by various scale transitions
(spatial, temporal, and causal).

Levels of political decision-making and policy cyc-
les must be considered in this context. An impro-
ved understanding of these complex relationships
requires appropriate model concepts and corre-
sponding methods.

A related issue is that of downscaling and upscaling

within and beyond individual fields of knowledge.
All analyses concerned with the context at hand
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can benefit from being liked to economic impact
models, so as to quantify sectoral and economic
effects. In many cases, what needs to be clarified is
whether isolated surveys or studies can be general-
ised. This means identifying the criteria case stu-
dies must fulfil to make their results transferable.

3.2.1.2 Methods That Take into Account Human
Influence and Climate-Induced Changes (Soil,
Vegetation, Land Use)

Virtually every natural process and system is influ-
enced not only by the climate but also by human
actions (especially utilisation and management
practices).Both these influencing factors are ref-
lected in observation and measurement data.

The distinction between individual influences can,
in fact, be a considerable challenge and is often
not satisfactorily achievable. Human interventi-
ons must be taken into account when projecting
future developments in climatic scenarios (see also
chap. 3.1.6). Moreover, both global climate change
drivers and human behaviour constitute strong in-
fluencing factors regarding the impacts of climate
change on human-environment systems.

Fig. 4
Methodological approaches that equally acknow-
ledge both factors are a requirement for the better
understanding of this complex interplay between
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the various drivers/actions and the respective reac-
tions. Such an understanding thus forms the basis
for identifying measures for dealing with climate
change impacts on human-environment systems.
Especially in the societal sphere, demographic
and socioeconomic change as well as changes in
political conditions constitute important influen-
cing factors for future developments that need to
be more strongly considered at local, regional, and
global levels.

3.2.1.3 Improving Process Understanding

In many cases, individual disciplines still lack pro-
cess understanding, which inhibits reliable analy-
ses of the impacts of changing climatic conditions
(climate penalties).

This applies almost universally to all disciplines
and concerns, inter alia, the identification of cli-
mate-sensitive ecosystem types; key physicoche-
mical and biological processes in the soil which
will be affected by changes in temperature and
water balance; and social as well as economic pro-
cesses and their analyses with regard to thresholds,
tipping points, and cascade effects. Depending on
the specific scenario, different processes are ex-
pected to prove dominant. Even though climate
dependencies are generally known in some areas
(for instance regarding the landscape relief —relief
sphere), actual past and future climate change im-
pacts have hardly been investigated.

Areas of specific interest for Austrian climate re-
search are the identification of self-reinforcing
processes and the analysis of a system’s buffering
capacities and threshold values prior to the occur-
rence of significant changes or tipping points.
Changes in a specific component of one system
can trigger cascading changes in other systems.
This can either have a stabilising or an intensifying
effect or may draw ever wider circles.



Since the ultimate aim is to improve system un-
derstanding, interdisciplinary scientific co-opera-
tion is a vital factor in addressing these issues.

A system’s thresholds and tipping points are of
particular importance regarding both gradual,
systematic changes and extreme events. They de-
fine accuracy requirements for the individual di-
sciplines and are a precondition for the correct
representation of future scenarios in the related
research fields.

3.2.1.4 Improving Models on All Scales, in All
Areas, and at Their Intersections

Both models and their results need to be analysed
in great detail. They can contribute to the valida-
tion of facts, the understanding of processes and
systems, and may constitute an integrating factor
in interdisciplinary approaches. The identification
of suitable application areas for the models requi-
res a precise description of the implicit model as-
sumptions.

In some fields of knowledge, there is still a gene-
ral lack of models, while in others, existing models
are in need of significant improvement. Some re-
search fields, such as ecosystem research, consider
it promising to refine methodologies that combine
model formulation, simulation, and empiric expe-
rimental approaches.

3.2.2 Data, Measurements

3.2.2.1 A Concept for Systematic and Systemic
Monitoring across all Areas and Sectors

It is clearly necessary to advance systematic recor-
ding of climate change impacts in Austria.

So as to create a basis for decision-making pro-
cesses regarding climate change adaptation, it is
necessary to develop and implement a concept for
monitoring climate change impacts in all areas of
the natural environment.

In order to facilitate systemic statements, it would
be beneficial to concentrate on the implemen-
tation of representative high-quality core mea-
surement stations to which, for instance, special
measurement networks could connect. These sta-
tions ought to be operated on a long-term basis
and should fulfil the requirements for collecting
data on all permafrost-relevant parameters (such
as temperature or conductivity). If possible, they
should, moreover, facilitate supplementary mea-
surements of climate parameters as well as the ob-
servation of additional parameters (regarding, for
instance, vegetation). The same applies to monito-
ring in the area of biodiversity and nature conser-
vation. In addition, monitoring and data storage
systems of economic impact data are to be impro-
ved and made available.

The establishment of test areas in the vicinity of
settlement areas appears to be essential with re-
gard to data of economic impacts, as it would
help to better understand how large parts of the
population are affected. Furthermore, the extent to
which the resumption of suspended monitoring,
or entirely new concepts (such as methane pro-
duction from landfills) could contribute should be
reviewed.

Fig. 5
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Model results can provide information on where
climate-induced changes appear early or are par-
ticularly pronounced. This should be considered
when planning measurements or measurement
networks. Two-thirds of Austria’s land area are
covered by mountains. At high altitudes, the mea-
surement network for collecting meteorological as
well as hydrological data/parameters is considera-
bly less dense than at lower altitudes. Thus, enhan-
ced monitoring could significantly improve the
understanding of how the climate change impulse
and its impact on natural systems are connected.

3.2.2.2 Establishing Representative Test Areas
(Monitoring Climate Impacts)

So as to better understand the complex interac-
tion between direct, primary, and indirect clima-
te change impacts, it is necessary to establish and
operate test areas for recording climate impacts.
This applies to mostly natural, untouched hu-
man-environment systems as well as to systems
more strongly influenced by human action. It also
corresponds to the spirit of the LTSER (Long-
Term Socio-economic and Ecosystem Research)
Initiative. Austria plays a leading role in this con-
text. The potential benefits of such a system ought
to be used to its best advantage and should be ex-

tended to further innovative areas.
A : .

Fig. 6
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3.2.3 Subject Areas (Basics)

3.2.3.1 Impacts of Extreme Events (Variability)
A large number of results yielded by scenarios of
climate change - and thus also of future climate
change impacts — are concerned with changes in
mean values. This is despite the fact that extreme
values (minima/maxima) and their temporal dis-
tribution are actually much more significant for
subsequent processes and for how society can and
should deal with climate change challenges and
impacts.

However, sustainable decisions and the develop-
ment of climate change measures (such as de-
signing protective structures in natural hazard
management) must be based on information rela-
ting to impacts of extreme weather events (heavy
rainfall, drought or heatwaves) and/or extreme
impacts of less extreme weather events, which are,
for instance, caused by land use changes.

The assessment of the impacts of extreme events
on society, human health, and the economy would
therefore benefit from an improved understanding
of the impact of framework conditions on post-ex-
treme-event recovery and reconstruction proces-
ses. A better understanding of the respective time
scales would, likewise, be desirable.

3.2.3.2 Identifying Climate-sensitive Habitats,
Protected Areas, Species, the Interactions bet-
ween Them, and Their Ecosystem Services

The susceptibility/vulnerability of reaction systems
plays a crucial role in the context of climate change
impacts. The development of appropriate measu-
res for dealing with said impacts requires the iden-
tification and investigation, for example through
ecological monitoring, of human-environment
systems which are particularly climate-sensitive,
that is to say vulnerable.



This may involve the concept of ecosystem ser-
vices which, in turn, also needs to be analysed with
regard to its ethical and cultural implications.

The following approaches have proven advanta-
geous both in the context of generating the ap-
propriate data series on various scales and for the
validation of anticipated changes: established bio-
diversity research; an increased use of technologi-
cal innovations (for example in the field of remote
sensing); habitat modelling; and citizen science.

3.2.3.3 Climate Change as a Trigger for Conflicts
of Interest

Climate change can trigger conflicts of interest in
both nature and human society (for example bet-
ween individual and societal and/or present and
future interests). In order to successfully tackle
climate change challenges, it is important to make
these conflicts of interest explicit. This, however,
requires systemic considerations across different
spatial and temporal scales.

3.2.3.4 Climate Change Impacts on Geomorpho-
logical (Gravitational Mass Movements, Glacial,
Periglacial, Fluvial Processes, and Cascade Proces-
ses) and Soil-forming Processes

As compared to other climate impact processes,
the understanding of how the driving process of
climate change and the impact on geomorphologi-
cal and pedological process dynamics relate is still
far less advanced than average. However, against
the backdrop of the interactions with human in-
terests (risks from natural hazard processes on the
one hand, and the soil as basis for agricultural pro-
duction on the other hand), these processes hold
an important position in the interaction between
the environment and society.

3.2.3.5 Climate Change Impacts on Agriculture,
Forestry, and their Greenhouse Gas Balances

In the field of agriculture and forestry, climate
change impacts are closely linked to practices in
land and soil management as well as to adapta-
tion measures. However, many questions of de-
tail remain unanswered. They concern, among
other things, the following issues: changes in the
potential of individual locations (supply of nu-
trients, water balance); the leeway in future forest
management, including the short-, medium- and
long-term effects of adaptation measures on fo-
rest vitality, ecosystem services and the rural eco-
nomy; future tree species composition as well as
locally adapted agricultural crops and production
methods; tillage; the consequences of measures to
reduce greenhouse gas emissions (CO2, N20 and
CH4); invasive species; and phytosanitary issues
(changes in the occurrence of harmful organisms).
Besides the individual analyses of such issues,
integrated assessments and system analyses are
constitutive of well-founded risk and resilience as-
sessments.

The repercussions of management or adapta-
tion measures on greenhouse gas emissions,
non-greenhouse gas emission effects (non-GHG
effects), and on how those affect the climate are of
particular relevance.

3.2.3.6 Impacts on the Infrastructure Sector
Climate change-related issues in the infrastructu-
re sector concern impacts on infrastructure itself
(such as dam failures, washouts, heat damage to
roads, or power supply interruption) as well as
impacts resulting from damages to the infrastruc-
ture (such as the disruption of supply chains). As
infrastructure is primarily affected by extreme
events, reliable information on the future develop-
ment of these event is of vital importance for this
research area (see chap. 3.2.3.1).
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Analysis of past events, which is equally import-
ant, depends on the availability of appropriate,
comparable data (see chap. 3.6.6).

However, given that accuracy requirements are
carefully estimated, a considerable extent of in-
formation relevant to this context can also be ex-
trapolated from already existing knowledge. Yet,
system analyses for assessing the impact of infras-
tructure damage in Austria (such as the effects of a
prolonged blackout) remain sparse.

Consistent with chap. 3.2.1 (Levels of Theory and
Methodology), analyses of impacts on the infras-
tructure sector also require scenarios of future
demographic developments, traffic development,
and dependencies on power grids vs. stand-alone
installations.

3.2.3.7 Climate Change Impacts on Human
Health and the Social Fabric

Many questions concerning issues of both direct
and indirect climate change impacts on human
health have not yet been answered.

These concern, for example, seasonal shifts in
health problems and illnesses (such as allergies or
colds), the occurrence of previously non-“native”
diseases as a result of altered conditions for vectors
and pathogens, or the quality of drinking water.

In this context, the aim is to not only find technical
but also organisational solutions to the problems
at hand. Further relevant issues in the health sector
are mutual aid arrangements (for instance during
heatwaves) or the adaptation of public spaces.

The expected increase in urban population poses
additional problems (such as densification or the
increasing “urban heat island effect”).

The socio-economic aspects of climate change re-
main under-researched. These include, for instan-
ce, indirect climate change impacts on low-income
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population strata (such as increasing food prices
or fluctuating energy costs) as well as migration
issues (“climate refugees”).

3.2.3.8 Further Climate-sensitive Areas

In addition to climate change impacts on the areas
of agriculture and forestry, ecosystems and biodi-
versity, infrastructure, human health, and the soci-
al fabric, the Austrian national strategy for climate
change adaptation also identifies other directly or
indirectly climate-sensitive areas. These are energy
supply and demand, water supply and sanitation,
production and trade, tourism, urban and green
spaces, spatial planning, transport, natural hazard
management, and disaster management.

While research results on incremental adaptation
(i. e. reinforcement of pre-existing adaptation
measures such as flood protection) are current-
ly available for most of the adaptation strategy’s
fields of application, research on transformative
adaptation (new forms of adaptation) still remains
a research lacuna. Further research requirement
also concerns the interactions between adapta-
tion measures in different fields of activity, such
as competition for water between irrigation and
cooling. As planning horizons in some sectors are
not long enough to adequately address long-term
issues (such as climate risks), sectoral analyses of




the respective weather sensitivities should also be
promoted in order to raise problem awareness.
Since short-term effects of weather variability are
often more easily comprehendible, they might ser-
ve as an incentive for investigating the impact of
climate variability on respective sectors.

3.2.3.9 Climate Change Impacts on Local /
Regional Air Quality

Weather conditions determine the concentration
of air pollutants via chemical conversion proces-
ses (temperature and UV radiation, especially as
regards ozone, secondary aerosol and oxidants)
on the one hand, and, on the other hand, through
diffusion processes (wind direction and speed, mi-
xing layer height).

Regardless of existing knowledge of these proces-
ses, it still remains necessary to further investigate
the effects of future climate scenarios, especially so
in small-scale contexts (such as urban street can-
yons) and in terms of projected emissions.

This is a complex interdisciplinary task whose
findings would have significant implications for,
among other things, urban and spatial planning.

As it affects the health and life expectancy of any
population, air quality must also be considered
from the perspective of public health.

Changes in emission profiles as well as in atmo-
spheric chemistry and the distribution of pollu-
tants may, however, cause hitherto applied and va-
lidated air quality markers to become less relevant.
Thus, the continuation of epidemiological studies
on how air quality affects human health is also re-
levant in a climate change context.

3.2.3.10The Detection of Tipping Points in Sys-
tems that are Influenced by the Climate

The identification of tipping points in large-scale
global subsystems (such as the Indian monsoon)

is receiving much attention. This is due to the as-
sumption/concern that, after exceeding a certain
threshold, changes in said subsystems will feed
back into the global system in an unpredictable
manner.

Tipping points can also occur on a much smaller
scale and may lead to previously unpredictable im-
pacts and feedbacks (such as rock falls due to loss
of permafrost, a subcritical length of the winter
holiday season, or temperatures too high for cer-
tain types of vines).

Only an improved process understanding of the
interaction between climate driver and reaction
system (based, for instance, on the joint evaluation
of monitoring data) makes it possible to detect and
analyse tipping points and thus prevent the collap-
se of systems.

3.3 RESEARCH AREA IlI: ADAPTATION
Adaptation measures are always tied to local/re-
gional conditions and (unlike technological de-
velopments) therefore require area-specific know-
ledge regarding both natural and socio-political
realities.

Specific research questions can be clearly defined
on both theoretical and methodological levels. In
research that accompanies the actual implementa-
tion of measures, the line between research needs
and general challenges regarding the clarification
of implementation details is, however, blurred.
Criteria that determine methods in terms of their
scientific quality are therefore all the more im-
portant. In addition, the development of adapta-
tion strategies must include a comprehensive and
methodologically sound quantification of possible
effects or, more specifically, of risks and uncertain-
ties. Like other countries, Austria has adopted an
adaptation strategy for most climate change-affec-
ted sectors.
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These strategies set specific targets and define con-
crete measures for climate change adaptation wit-
hin more or less precise timeframes.

Scientific questions pertaining to the implementa-
tion and continuous update of said strategies are
diverse. Appropriate research results should thus
facilitate the continuous update, improvement,
and expansion of adaptation strategies.

3.3.1 Levels of Theory and Methodology

3.3.1.1 Adaptation Theory

Climate adaptation, just like climate protection,
necessitates long-term, complex and sometimes
very profound changes in society and the econo-
my.

Many recurring questions in climate discourse
(such as addressing relevant time horizons) are
highly relevant to the field of climate adaptation
from an ethical and a scientific point of view.

The interactions between climate change adapta-
tion and mitigation raise further scientific ques-
tions, and, in addition, both the development of
adaptation measures and their evaluation play an
important role.

Efficient models for the analysis and explanation
of adaptation issues based on economic, political,
and social theory are therefore necessary and sub-
ject to intensive research.

Such models must delineate the possibilities and
limits of adaptability.

Increasingly accessible, spatially highly-resolved
data on expected climate changes are the basis for
the issues discussed below, except for those (equal-
ly noteworthy) examples that relate to robust ad-
aptation.
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3.3.1.2 Action Research, Participation

Both participatory small-scale assessments of vul-
nerability and the participatory development of
adaptation strategies depend not only on theore-
tical approaches to adaptation but also on prac-
tice-oriented methods. The scientifically sound
examination of complex problems posed by cli-
mate change adaptation requires, among other
things, the further development of action research
methods (which particularly befit problem-sol-
ving-oriented research), appropriate participatory
concepts, and inter- as well as transdisciplinary re-
search approaches.

Governance analyses, likewise, offer important
new insights through examining social co-ordina-
tion processes with regard to all relevant interest
groups. In this context, the different approaches
pursued by citizen science and responsible re-
search also deserve particular attention.

3.3.1.3 Downscaling and Upscaling Courses of
Action

It is necessary to promote the development of met-
hods for downscaling and upscaling. This regards
not only (climate) data, but also the analysis of
how strategies, methods, adaptation, and monito-
ring measures take effect at, and affect actors on,
regional and local levels and vice versa.

When conducting case studies with the aim of de-
riving generalisable results that engender a process
of mutual learning, a critical set of methodically
co-ordinated case studies conducted across difte-
rent regions, sectors, and populations is required.
This, in turn, depends upon the development of
evaluation criteria for measuring “successful” ad-
aptation. These criteria should subsequently be
used for the verification of effectiveness and for
cost-benefit assessment in ex-ante and ex-post stu-
dies (i. e. policy evaluation studies).



3.3.1.4 Maladaptation

Maladaptation - i. e. measures that do more harm
than good, or in the context of which an adapta-
tion benefit counteracts a mitigation goal - are an
important topic in adaptation research, and the
investigation of unintended consequences of ad-
aptation measures is an important research under-
taking.

This issue is often linked to questions concerning
a measure’s temporal and spatial scales and gover-
nance structures (see also chap. 3.4.4 Interaction
between Mitigation and Adaptation).

3.3.1.5 Limits and Effectiveness of Adaptation
As in the case of climate system tipping points (see
chap. 3.1.7), it is also necessary to investigate the
tipping points of socioeconomic systems, for a cer-
tain extent of climatic change (such as change in
temperature or the shift of climatic zones) marks
the limits of adaptability.

These limits may, for instance, be determined by
the types of adaptations planned (green or grey
adaptation), available resources, public accep-
tance, or the level of existing knowledge. Appro-
priate analyses, which include related economic
costs and benefits, are not available for Austria but
would be necessary.

3.3.2 Level of Implementation

3.3.2.1 Research on Integrating Adaptation into
Various Policy Areas

It will be necessary to analyse the appropriate pre-
requisites and required measures for developing a
new, transverse policy field of “adaptation”. Proces-
ses of institutional, actor-strategic, and discursive
change must also be determined in this context.
Processes that may engender more open approa-
ches towards new solutions in planning and policy

making processes (across all policy areas affected
by adaptation) need to be identified. It is, moreo-
ver, particularly relevant to seek the dialogue and
discourse with actors from both the private busi-
ness sector and society at large. In so doing, the
social sciences - such as political science, sociolo-
gy, anthropology, or psychology - should play an
increasingly important role and must therefore be
fostered.

3.3.2.2 Societal Contextualisation of Climate
Change, Climate Impacts, Adaptation, and Vulne-
rability

Societal contextualisation is necessary in order to
cope with the complexity and multi-dimensiona-
lity (social, temporal, spatial) of climate impacts
and adaptation. This includes, for instance, the
analysis of gender roles within the context of cli-
mate change.

Climate-related processes and their (presumed or
proven) temporal changes do not necessarily have
to serve as the starting points for socio-scientific
considerations. The latter may just as well focus
on societies or societal processes such as efforts to
protect the climate and adapt to apprehended cli-
mate change.

Thus, the research needs of implementation-ori-
ented vulnerability research are not restricted to
technical questions but also include socio-econo-
mic issues such as the investigation of the tangible
success of adaptation measures.

3.3.2.3 Assessment and Comparison of
Measures

This field includes the further development and
increased application of methods (such as mul-
ti-criteria analysis or robust decision making) that
facilitate a comparison of the impacts of adapta-
tion measures, financial and otherwise.
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Municipalities and regions are often forced to
choose between different adaptation measures
(such as technical flood protection for a communi-
ty, relocation from flood areas, water management
measures, or detention reservoirs). These not only
require differential funding, but also provide diffe-
rent levels of protection, burden different groups to
greater or lesser extents, or become effective over
different timescales. In addition, the actual success
of implementing adaptation strategies should be
analysed and, if possible, also quantified.

Fig. 8

Appropriate research should furthermore iden-
tify beneficial and disadvantageous factors in the
implementation of adaptation measures as well as
requirements for successful adaptation. It appears
particularly worthwhile to aim at making better
use of international comparisons by analysing suc-
cessful strategies with regard to their general suc-
cess factors. Thus, said factors could also be integ-
rated in the local context.

3.3.2.4 Operationalising Recommendations for
Action

Activities that may form part of action research are
generally concerned with identifying opportuni-
ties for action. However, they also involve making
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recommendations in support of both decision-ma-
king processes and the measures themselves.

This renders capacity building an integral part of
research projects. The evolving field of “knowledge
broking” has the potential for generating import-
ant synergies between science and policy/applica-
tion, but also needs to be critically reviewed.

3.3.3 Monitoring, Documentation
Adaptation measures are sometimes undertaken
at a private level; at other times, they result from
local council decisions or from resolutions issued
at higher levels. As mutual learning is a necessity,
concepts for documenting adaptation measures
ought to be developed. Such concepts should, mo-
reover, provide a means for determining and eva-
luating the extent to which adaptation measures
meet their objectives.

This holds particularly true in the case of model
regions for adaptation. With regard to such regi-
ons, and also to potential upscaling, both general
and specific constellations of action need to be
considered.

3.4 ResearcH ARea IV: MiTIGATION

The reduction of greenhouse gas emissions (GHG
emissions) and the increase of greenhouse gases
stored in the soil and in biomass constitute the
most important anthropogenic contributions to
climate stabilisation.

The industrialised countries’ transition towards
virtually zero greenhouse gas emission by the
mid-21st century is imperative for meeting the
Paris Climate Agreement objectives of keeping the
increase in average global temperature well below
2°C above pre-industrial levels and making efforts
to limit the temperature increase to 1.5°C above
pre-industrial levels.

A turther aim is to reach a global balance between
anthropogenic greenhouse gas emissions from



sources and the reduction of such gases by sinks.
This will require action in the following areas es-
sential for effective climate protection: eco-suffi-
ciency, increased energy efficiency, transition to
low-carbon energy sources (typically renewable),
greenhouse gas reductions of non-energy related
emissions (especially in agriculture and forestry),
and an increase in sink capacity.

There is a need for research across all areas regar-
ding scientific, technological, and particularly so-
cio-economic issues. It must be noted that all of
these issues need to be investigated within a mu-
tual context. This investigation should, moreover,
include questions concerning lifestyle as well as
social and individual values (see also chap. 3.5.1).

3.4.1 Technological Development and
Mitigation Options by Sectors

The significance of mitigation measures cannot be
assessed with regard to technical and economic
characteristics alone. About two-thirds of all glo-
bal and Austrian greenhouse gas emissions result
from the use of fossil fuels which are a core ele-
ment of the current economic system.

Both an analysis of the energy system and poten-
tial options for change relate to the issue of energy
services important for economic welfare (such as
temperature-controlled housing or mobility).
Current research on this issue should be intensi-
fied and undergo model-based development.

Interventions in the energy system affect, in a va-
riety of ways, both specific economic sectors and
public as well as private expenditures.

Generally speaking, new technologies can only
spread when society accepts them, while the in-
troduction of a new technology can, in turn, cause
social and economic transformations.

Renewable energy technologies - such as solar and

wind energy or biomass — cause changes in the
cultural landscape as they depend upon new spe-
cialists and special knowledge, lead to changes in
energy imports and related geopolitical dependen-
cies, and influence tax revenues as well as subsidy
structures. Their decentralised character changes
the spatial and institutional structures of both the
economy and society.

Expanding renewable energy technologies requi-
res new infrastructure and leads to production and
consumption patterns which are distinguishable
from those of centralised power generation tech-
nologies such as fossil or nuclear energy (see also
Research Area V).

3.4.1.1 Technological Development

The Science Plan is not concerned with technolo-
gical development in terms of research or advance-
ments in the field of climate-friendly technologies
(i. e. mitigation technologies) as such. Rather, it fo-
cuses on observing the status quo as well as future
trends, especially in the fields of energy demand
(for housing, mobility, production, etc.) and sup-
ply, but also the assessment of such trends in terms
of social risks and transformation (including geo-
engineering).

Fig. 9
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Mitigation technologies have been analysed in
a parallel process as part of the “Dialog Energie-
zukunft 2050” strategy process under the auspices
of the Austrian Ministry of Transport, Innovation
and Technology. The results are complementary to
those of the Science Plan.

The Science Plan does, however, include questions
concerning the potential renewable (and possibly
also alternative) energy sources poses under chan-
ging climatic, economic and social conditions. It
also addresses questions regarding agricultural
technologies and increasing energy efficiency.

3.4.1.2 Lock-in Effects

The advancement of technologies involves the risk
that mitigation measures which were at one point
the best possible answer to a given problem may
become liabilities. This is the case when more ad-
vanced technologies could, in fact, save more GHG
emissions, while the end of the previous technolo-
gy’s lifecycle has not yet been reached. Developing
concepts for how to anticipate and possibly avoid
such lock-in effects is an important task.

3.4.1.3 Rebound Effect

The so-called rebound effect, which relates to the
actions of individuals, occurs when (financially
advantageous) instances of saving energy or redu-
cing GHG emission are cancelled out by additional
energy consumption or increased GHG emissions
elsewhere. Even though the rebound effect has al-
ready been scrutinised, there is still a need for fur-
ther research into how it relates to common life-
styles and the current growth paradigm.

3.4.1.4 Energy Production and Demand; Natural
Resources

Data availability for the energy sector is insuffi-
cient: spatial high-resolution data on the sustaina-
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bility as well as physical, technical, and economic
potential of renewable energy sources are lacking,
as are continuously updated databases for cost de-
velopments of related technologies.

Scenarios under different subsidy options would
also be necessary, as would options for fostering
higher cost transparency (such as the internalisa-
tion of external costs).

In order to provide a better basis for policy ma-
king, investigations on the topic of energy demand
and production must include empirical studies as
well as the consolidation of modelling approaches.
This includes research on technical and institutio-
nal hindrances to the improvement of energy efhi-
ciency or possibilities to limiting and/or sustaina-
bly meeting expected future electricity demands.
It also encompasses research into the cost-effec-
tiveness and social compatibility of various sys-
tems promoting a shift towards renewable energy
sources (such as subsidies, regulatory law, fiscal
measures). Broadening energy transformation re-
search, including the systematic comparisons of
results derived from models as well as from ener-
gy and emission scenarios (such as benchmarking
and multi-model comparisons or the analysis of
results from ensemble scenarios) could render re-
search results considerably more robust and thus
increase credibility.

Research issues include public acceptance of, for
instance, smart grid technology or ubiquitous sen-
sing as well as questions regarding the significance
of potentially disruptive technologies of relevance
to the energy transition (such as battery integra-
ted electromobility, autonomous driving, high ef-
ficiency European DC networks, energy service
companies, mobility services, or innovations re-
garding demand such as demand-side manage-
ment).



It is, moreover, necessary to investigate the rela-
tionship between energy targets, climate targets,
and other aims of energy policy making at natio-
nal, EU, and international levels (security of sup-
ply, competitiveness and affordability).

3.4.1.5 Mobility Systems and Mobility Behaviour
The transport sector is responsible for about one
quarter of greenhouse gas emissions in Austria
and worldwide.

Various measures can be implemented to reduce
emissions across the transport sector: the avoidan-
ce of mobility pressure through appropriate sett-
lement structures; traffic regulation and planning,
technical measures; “soft measures” such as infor-
mation, education, economic incentives; and fiscal
measures.

Fig. 10
Despite the successful implementation of such
measures in all sectoral areas, further research re-
mains necessary,

regarding, for instance, the analysis of target rea-
lisation or the public acceptance of individual
measures. Moreover, effects of new technological
developments such as autonomous driving or sec-
tor coupling (electric vehicles as temporary power
stores) combined with other trends such as vehicle
sharing should be investigated.

3.4.1.6 Land Use and Spatial Planning

Since questions concerning land use as well as
spatial structure and planning, which also include
aspects of governance and decision-making struc-
tures, are not specific to any one economic sector,
current research does not particularly focus on
these areas.

Climate-related issues include systematic inter-
actions between (changes in) land use (incl. land
management or land use intensity) and land cover
changes. This includes resulting greenhouse gas
balances (sources and sinks).

Improved information bases could also foster
better estimates of both costs incurring from and
the potential of GHG reduction through land use
change.

The relationship between population growth, mi-
gration, rural exodus, urbanisation, and climate
change constitutes a further research lacuna.
Appropriate research should also consider the im-
portance of property values and issues related to
the distribution of property. Decisions in the area
of spatial planning tend to have long-term effects
and can heavily impact resource consumption and
land use as well as traffic emissions.

Comparative studies on the wide range of legal
provisions and practices in different municipali-
ties, regions, and countries afford a good oppor-
tunity for determining and drawing conclusions
from transferable best practice examples.

22



3.4.1.7 Agriculture and Forestry

Agriculture and forestry can significantly contri-
bute to climate change mitigation via the forms
of tillage (organic rather than conventional far-
ming), forest management (such as deforestation
or rotation times), and the production of biomass
for energy generation. In this context, future re-
search should investigate the interaction between
the carbon balances of agriculture and forestry
and bioenergy as well as the utilisation of biogenic
resources for the production of materials (for in-
stance in bioeconomy, construction, or the paper
industry).

Another question to be considered is how carbon
benefits per hectare of organically farmed land, for
instance, relate to respective disadvantages resul-
ting from increases in land requirements. Further
open research topics include the reduction of GHG
emissions from livestock husbandry (especially
meat and dairy production) and how this relates
to animal welfare and animal health (also against
the backdrop of changing climate conditions and
the possible spread of new vector-borne diseases).

It would, moreover, be advisable to systematically
record changes in the area of food demand (such

as the relevance of vegan and vegetarian lifestyles,
the market for regional and organic products, or
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the impact that assessing a product’s life-cycle can
have on consumer behaviour). Efficient and effec-
tive ways of avoiding food waste across the entire
value chain should also be more thoroughly inves-
tigated.

Since agriculture counts among the sectors that
are strongly affected by the phasing out of fossil
tuels, questions of food sovereignty and security
within the context of climate change constitute an-
other field for extensive research.

3.4.1.8 Infrastructure and Its Role in Resource
Consumption

Infrastructure determines resource consumption
and greenhouse gas emissions in many ways and
affects lifestyles as well as the quality of life.
Especially long-lived infrastructure (for instance
in the transport sector) can trigger lock-in effects
and hinder the transition towards a low-carbon
society and economy.

Thus far, no substantial research has been conduc-
ted regarding systematic infrastructure surveys
or potential scenarios for a conversion towards a
climate-friendly infrastructure, including funding
and potential obstacles.

Infrastructure’s resilience to extreme weather
events and their impacts is a particularly import-
ant issue but has nonetheless thus far remained in-
sufficiently investigated in Austria.

3.4.1.9 Buildings

Although the building stock has been relatively
well studied, it will be necessary to improve the
data situation for non-residential buildings and
their energy consumption. How existing barriers
to thermal rehabilitation and the conversion of
heating systems can be overcome requires analysis.
This particularly applies to urban areas with high
population density and a substantial number of
historical and listed buildings.



Research and development efforts towards more
cost-effective systems facilitating the rehabilitation
of buildings in use could significantly improve the
refurbishment rate.

3.4.1.10 Financial Sector

The financial sector’s relevance for the transition
of the economic system towards a sustainable and
climate-friendly economy has hardly been stu-
died in Austria. Future research should therefore,
firstly, investigate the mobilisation of public and
especially of private capital for the conversion of
infrastructure, including buildings (for instance
via crowd investing, green bonds, or PPP models).
Secondly, the topic of divestment (i. e. the with-
drawal of capital from climate-damaging invest-
ments) as well as its relevance for and impact on
Austria should be analysed.

3.4.1.11 Industry

In line with the broad spectrum of industries in
Austria, research questions regarding the industri-
al sector are also highly diverse.

Both technological measures to improve efficiency
and measures concerning organisational logistics
are required. The latter include issues regarding
the organisation of process chains (compare catch-
phrases such as just-in-time production or “the
road as storage facilities”) and transport distances
in these chains.

Of further importance are aspects of resource ef-
ficiency and the connection to the EU Commis-
sion’s Circular Economy Package, especially since
using secondary fuels and secondary raw materials
in particular constitutes a key opportunity for re-
ducing GHG emissions. Corresponding relations
- including product design, life cycles, and repai-
rability — should likewise be examined. The same
holds true for the analysis of the progression of di-
gitisation and robotization in the industrial

Fig. 12
sector (Industry 4.0), the potential these develop-
ments hold for, and the impact they have on, the
carbon footprint of production. Further objects of
research should comprise the potential transition
towards renewable raw materials (“bioeconomy”)
and its possible impact on the carbon footprint,
as well as any negative environmental effects re-
sulting from an increased demand for biogenic
raw materials. Obviously, the industrial sector can
only achieve ambitious climate goals on the basis
of technological innovations.

Planning security is an important requirement for
a transition towards fundamentally new processes,
especially in the area of energy-intensive indus-
tries. The aim is to exploit opportunities for avoi-
ding process emissions (i. e., non-energy-related
GHG emissions occurring to a significant extent
in current technologies such as cement and pig-
iron production).

In this context, research should address new tech-
nologies (such as the direct reduction of iron ore
by hydrogen) as well as alternative materials and
their ecological and economic impact. It is thus
necessary to develop scenarios for Austria’s pa-
thway towards a low-carbon society, from which
robust framework conditions can be derived (see
Section 3.5.3).
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3.4.2 Policy Level

Technology-driven models of mitigation can only
provide limited information about the feasibility
of the two-degree target. They can likewise only
provide inadequate answers to questions concer-
ning which steps and direction a medium to long
term transformation towards achieving said target
must follow. Thus, trying to find ways of dealing
with the challenges of a changing global climate
must also encompass an examination of societal
and political systems, which constitutes the core of
transformation research.

3.4.2.1 International Aspects; Reducing

Emissions Along the Value Chain

As a result of the internationalisation of value
chains, the reduction of domestic emissions (de-
crease in production-based emissions) in some ca-
ses leads to an increase in imported foreign emis-
sions (increase in consumption-based emissions).
This prompts a need for research into the effecti-
veness of national and European climate policies
in the avoidance of increasing imported emissions,
and it is also necessary to assess the divergence
between domestic and imported GHG emissions
from land use.

3.4.2.2 European and National Climate Policy
As an EU member state, Austria can co-determine
EU climate policy. This, however, requires inde-
pendent analyses concerning the effectiveness of
short- and long-term climate policy instruments
and measures at national and European levels.
Research should, for example, address the ques-
tion of how appropriate instruments must be de-
vised so as to offer long-term mitigation incentives
for companies and households rather than trigger
short-term evasive reactions (see also chap. 3.4.1.3
on the rebound effect).
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Such investigations can be carried out using sec-
toral or macroeconomic models or may consist
of qualitative political and empirical sociological
analyses.

3.4.3 Models

3.4.3.1 Model Improvement

Research in this area needs to improve existing
and develop new models for mapping the transi-
tion process of economic and energy systems to-
wards virtually zero greenhouse gas emissions for
mid- and long-term horizons (2050 and beyond).

This should encompass models based on various
scientific paradigms that either map the entire sys-
tem or individual subsystems.

The development of such models requires the re-
view and modification of implicit assumptions
regarding, for instance, market characteristics or
actor behaviour.

It will, moreover, be necessary to promote models
and scenarios that enhance capacity for dealing
with uncertainties and variability.

3.4.3.2 Model Validation

Multi-model comparisons are also gaining import-
ance in the validation of results from socio-econo-
mic research.

The Science Plan therefore supports multi-model
comparisons for Austria as well as the validation
of model results through an ex-post analysis of po-
litical realities.

3.4.4 Interaction between Mitigation and
Adaptation

Mitigation and adaptation are inherently related,
as they are often mutually conflicting or supporti-
ve and frequently require the same means.

It is therefore necessary to develop methods for
optimising adaptation and its timeous implemen-



tation, reducing trade-offs between adaptation and
climate protection, and utilising co-benefits.

In addition, the necessity for governmental regu-
lations in contrast to uncontrolled private adjust-
ments and the outcome of these strategies in terms
of additional emissions and resource consumption
ought to be addressed.

Scientific support of process design in the area
of implementing climate change mitigation and
adaptation processes could help decision makers
draw optimised conclusions from both successful
and unsuccessful implementations. This could, in
turn, foster capacity building, knowledge transfer,
and social learning processes.

3.4.5 Costs of Climate Change and/or
Climate Policy

In line with IPCC, the development of integrated
scenarios could contribute to establishing a consis-
tent framework for the analysis of climate change
and/or climate policy costs. This would, for instan-
ce, make it possible to assess the costs of climate
change with respect to different mitigation goals.
Such a development would require for Austrian
socio-economic scenarios to be consistently deri-
ved from already extant national and international
scenarios. This process should be conducted with
stakeholder involvement.

Past cost-of-inaction analyses have shown a lack
of comprehensive quantification of tangible and
especially of intangible climate change impacts.

It is therefore necessary to develop appropriate
methods that also allow the consideration of in-
tangible and other non-economic values. The
analysis of how socio-economic changes (such
as demographic or structural changes) influence
climate change costs in comparison to costs from

changes in climatic exposure would constitute an-
other research objective.

In the mitigation context, the issue of co-benefits
has been gaining international significance. This
relates to the positive side effects of climate policy
measures, such effects occurring, for instance, in
the area of human health (through the reduction
of classic air pollutants such as particulate matter
or NOx) or with regard to the security of supply.
Investigating essential domestic aspects would
thus be an important contribution to research.
A further research advancement would be to not
only analyse the impact of various climate policy
instruments (such as subsidies, regulatory law, ta-
xes) on GHG emissions, but to extend such analy-
ses to the national economy (for instance to secto-
ral effects, employment, national budget, income
distribution, or welfare).

It would, moreover, be desirable to evaluate the
role of political, economic and / or ethical conside-
rations in the context of allocating climate change
and climate protection costs among differently de-
veloped and affected regions at national and espe-
cially at international levels.

Fig. 13
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3.5 ReseARCH AREA V: SOCIETAL
TRANSFORMATION PROCESSES

Since even a wide distribution of “climate-friend-
ly” technologies will not suffice to solve the cli-
mate problem in the long term, a broad interna-
tional debate about the need for a fundamental
transformation (or transition) of global societies
has arisen. The central issue at hand is to develop
a new understanding of prosperity and quality of
life (that is, a good life in the broader sense) which
is based on a significant decrease in resource con-
sumption (land, materials, water, energy).

For one thing, this would involve a change in cur-
rent lifestyles (regarding, for instance, consumer
or travel behaviour) in conjunction with a shift in
the value system. For another, it will be necessary
to discard conventional production structures as
well as traditional economic and working models
and develop new ways and forms of participation.

Such a fundamental and far-reaching systemic
transition requires a social debate concerning the
question of how a good life should or could be de-
fined it future. It, however, also calls for new forms
of interdisciplinary and transdisciplinary research.
Even though the necessary social transformation
goes far beyond climate change matters, it is im-
possible to strictly differentiate between the two
issues. The Science Plan focuses on climate-related
questions. However, since there are still substanti-
al research needs concerning more general questi-
ons, the Science Plan must address those, too.

A systematic approach towards general associated
topics could yield high transformative potential,
and progress on a general level could be a precon-
dition for finding solutions to more specific, cli-
mate-relevant issues. On the one hand, research
challenges include the determination of reasonable
thresholds for resource consumption, primarily
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undertaken by the natural sciences. On the other
hand, research ought to be involved in developing
political and social opportunities for a transforma-
tion towards a low-carbon society (primarily via
the economic and social sciences).

This undertaking is determined by both small, im-
mediately effective steps as well as long-term con-
cepts and strategies.

However, either can only be productive if they ad-
dress the entire spectrum of the problem.
Specifically, this includes the cultural, social, po-
litical, institutional, and economic issues which
have led to the present unsustainable patterns of
resource use and their perpetuation.

Moreover, regardless of whether small steps are
being taken or large-scale transformation con-
cepts are implemented, it is always imperative to
determine the political feasibility and improve the
practical applicability of the respective processes.

Fig. 14



3.5.1 Sustainable Society

3.5.1.1 Research on Ecologically and Socially Sus-
tainable Lifestyles

Climate policy and sustainability call for changes
in the production methods and lifestyles of indus-
trialised countries. This is due to the fact that rela-
ted resource consumption (resulting, for instance,
from consumer or travel behaviour) is not trans-
ferable to the lifestyles of nine to eleven billion
people. This raises the question of how the mate-

rial foundations of a desirable “good life” are to be
defined.

The wish to increase or at least maintain current
levels of prosperity ought to prompt a general de-
bate on the material foundations of prosperity and
liveability. What is furthermore required, is an ex-
tensive discourse concerning societal values and
their material implications (such as resource con-
sumption or carbon footprints).

Such debates and discourse can form the basis for
determining indicators for well-being and liveabi-
lity which would make a helpful contribution to
the transformation discourse.

Climate-relevant changes in lifestyle and behavi-
our include, for instance, the reduced consump-
tion of animal proteins, a shift from material to
service-oriented consumption, less and slower
mobility, or time prosperity.

All of these factors affect how material resources
and space are used and imply cultural change.
Changes in lifestyle and behaviour thus constitute
important elements of societal transformation.

3.5.1.2 Values in Society

Societal decisions are based on values and value
systems which are, in turn, influenced by existing
social, political, and economic conditions.

With regard to the question of how societal trans-

formation can succeed, concepts such as quality of
life, environmental or climate justice, and partici-
pation (especially in relevant discourses) are beco-
ming increasingly important.

The increasing awareness of, and need for, new va-
lue systems are, moreover, illustrated by efforts to
establish and apply new approaches to measuring
well-being, such as Beyond GDP or the Happi-
ness-Index. This desideratum is also reflected on
political and economic levels.

3.5.1.3 Visions of Resource-saving Individuals
and Societies

The potential shape and nature of a carbon-neutral
society still needs to be outlined to a higher degree
of (scientific) precision.

What will people eat? What and how will they
work? What will they do in their spare time? How
will they live? How will they travel and for what
purposes?

Naturally, such questions concern not only the in-
dustrialised countries, but are relevant throughout
the world. They arise within the context of inter-
actions between different lifestyles and significant
differences in resource consumption.

It must be born in mind that new societies are not
developed from scratch. Existing physical, eco-
nomic, and social structures, and infrastructures
in particular (for instance in the mobility sector)
strongly impact individual behaviour and must
therefore be adapted to a resource-saving lifestyle.
For society to accept appropriate adaptation mea-
sures, it is necessary to embed their development
in a participatory process.
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3.5.1.4 Socio-economic Challenges of Transfor-
mation

A scientific examination of the transformation
process towards a climate-friendly or sustainable
society must, in particular, take into consideration
a wide variety of issues, ranging from monetary
and financial systems, through economic concepts
and models, the significance of policy cycles wit-
hin the context of long-term policy needs, work
models, to the legal system.

Despite the fact that short-term solutions adhere
to current concepts and paradigms, medium and
long-term solutions will have to instigate more ra-
dical changes. In this context, it is incumbent upon
science to lead and support the exploration of ap-
propriate new pathways.

Work models are located at a point of convergence
between economic and social systems.

This highly relevant issue for the transformation
process is still under-researched. In addition to
employment, other forms of work (such as care
work) will gain importance, and topics such as an

unconditional basic income will have to be revi-
sited.
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3.5.2 How Can Transformation Be
Shaped?

The transformation towards a climate-friendly
society must be shaped against the backdrop of a
wide range of economic, technical, and legal pro-
cesses in which globalisation and Europeanisation
play a central part.

Thus, transformation processes in society, politics,
and the economy must not be explored independ-
ently of one another, and it is necessary to acknow-
ledge that the actions shaping these processes must
be of political nature in the broadest sense. Thus,
following and similar questions are relevant in the
context at hand: Which institutions and processes
are suitable? Which are available? Which need to
be created? What legal instruments are required?

The contributions of individual sectors to achie-
ving the climate target are certainly important. It
is, however, likewise essential to take into account
the impact of transformation processes — such as
the transformation of the energy system - on ot-
her sectors, and one must, moreover, consider the
dependencies and power relations between indi-
vidual sectors. As other actors and processes will
become more important, the political system faces
considerable challenges and needs to redefine its
general role in society.

3.5.2.1 Education and Media

Whether climate protection measures are applied
and whether social transformation takes place, de-
pends on the respective risks, costs, and benefits
as well as on social, cultural, and political factors.
Generating and communicating comprehensive
and effective scientific results for climate change
consultancy requires a combination of effective
climate policies and bottom-up initiatives, both of
which rely on an informed and committed public.



This poses various challenges for research:

It seems appropriate to address global societal
challenges, including climate change, in both
school and university curricula as well as in tea-
cher training and continuing education for uni-
versity lecturers. This raises questions concerning
the practical implementation of appropriate mea-
sures that ought to involve pedagogical concepts of
knowledge transfer, including the topics addressed
in chapter 2.2.

This also involves research into values and value
systems and motivational research. With regard to
public awareness, science must identify, among ot-
her things, the endogenous and exogenous factors
which are essential for embedding both the topic
itself and topic-related scientific knowledge into
the public awareness. Questions concerning key
actors, who ultimately determine the effectiveness
or ineffectiveness of climate policy, should also be
addressed against this backdrop.

This involves issues concerning both traditional
media and social media, which impact on their
audiences according to different interest-based
structures and are determined by different pat-
terns of interest. The dynamic resulting from the
interplay between all these factors and networks is
also of great interest, since ultimately the self-per-
ception of society is of likewise great relevance.
Important parameters of the interaction between
science and politics include, firstly, an action-ori-
ented approach to, as well as the communication
of risks and uncertainties (science to politics) and,
secondly, an understanding of political realities
(politics to science) and of how climate policy
needs to be co-ordinated against the backdrop of
media, interest, and power structures.

Research in these areas could help improve the
knowledgebase upon which policy decisions are
founded.

The analysis of reasons for climate change denial
and the development of strategies for dealing with
this constitute further important research deside-
rata. These need to be addressed on two different
levels: the purely climate-scientific level, which
can generally rely on existing knowledge, but may
in certain cases also raise new research questions;
and on a motivational level, where it is necessary
to answer political, sociological and psychological
questions.

3.5.2.2 Decision-making in Politics, Economy

and Society

The problem of climate change extends to all poli-
tical, economic, and societal areas and should not
be tackled independently of them. It has been in-
creasingly observed that the accessibility of scien-
tific facts does not automatically trigger rethinking
processes and that political decisions are rarely
made based on such facts. Balances of power and
currently dominant economic models often op-
pose decisions that counteract climate change im-
pacts or attempt to reduce climate change triggers.

Primarily short-term planning in politics and
economy is often at variance with the timespans
during which global climatic changes can be in-
fluenced.

Climate change research cannot simply accept this
as a given, but must expand its scope and agendas
accordingly. The social sciences can contribute to
the explanation of relevant decision-making pro-
cesses at all levels, down to the individual, and may
thus help increase the acceptance and relevance of
scientific climate research in all areas.
Jurisprudence needs to address the question of
how appropriate future legislation and case law
can improve their respective contributions to cli-
mate protection and climate change adaptation in
Austria, the EU, and at a global level.
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3.5.2.3 Integrating Climate Policy-making into
New (or All) Policy Areas

Research can accelerate the process of integrating
climate policy into other policy areas (especially
those of energy, transport, agriculture, and fores-
try) at a national level (federal, regional, munici-
pal), and it can also foster an integration into gene-
ral political decision-making processes. However,
such an undertaking is also influenced by the pow-
er relationships within and between the respective
policy fields.

In this context, aspects to be considered include an
improved utilisation of synergies, the prevention
of trade-offs, and interactions between different
instruments and measures (including climate po-
licy instruments, legislation and case law, coordi-
nation processes such as climate strategy, climate
protection law, but also other sustainability-rele-
vant strategies such as bioeconomy).

Effectiveness analyses of existing and innovative
policy instruments as well as monitoring of ap-
propriate measures are required. The recording of
long-lasting impacts in order to facilitate learning
processes likewise calls for a persistent reconside-
ration of relevant instruments.

3.5.2.4 Institutions and Governance

A better understanding of political and societal
institutions and of governance strategies is cen-
tral when it comes to improving the potential for
re-shaping society. This context is determined by
both horizontal and vertical relationships between
very different actors from the areas of public aut-
horities, business, and civil society.

Comparative studies for a better understanding of
institutional procedures and structures, the role of
non-governmental actors (such as NGOs, NPOs,
bottom-up initiatives, CSR in the economy), and
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institutional innovations count among the import-
ant aspects of this particular set of issues.

Questions regarding responsibility for climate pro-
tection — such as the extent to which it concerns
households, the economy, NGOs, or government
institutions — are also highly relevant.

Fulfilling climate protection responsibility some-
times requires that appropriate legal and finan-
cial framework conditions be established, which,
in turn, constitute another important field of re-
search.

3.5.2.5 Identifying Barriers and Enablers

Both transformation processes and progress in the
area of climate policy, firstly, dependent on the re-
moval of obstacles and, secondly, on the creation
of enablers (whatever they are), as well as on an
environment that not only promotes climate po-
licy innovations but also accepts the possibility of
their failure. Measures which may prove supporti-
ve of social transformation processes include, for
instance, the establishment of new institutions as
well as an appropriate adaptation of social incen-
tives and tax and legal systems (on both national
and international levels). In this context, the gene-
ration, availability, and dissemination of informa-
tion are particularly important, as is the need to
elicit and spread problem awareness.

The public sphere - i. e. especially the media and
the education sector — are becoming increasingly
relevant in terms of shaping the societal consensus
and the public discourse on values.

3.5.2.6 Best Practice Analyses, Historic
Transitions

Regardless of whether approaches towards tran-
sition and transformation prove successful or un-
successful in times of comprehensive change, they
always provide potential for learning.



Investigating important past transitions (such as
the development of local supply and its reasons)
from a historical perspective could also provide
information on conditions for future transitions in
respect of their necessity and sufficiency. It would
also be beneficial to investigate the potential and
limits of trans-national diffusion and learning pro-
cesses. Science ought to closely observe and analy-
se current attempts at transforming society, and it
should, moreover, attend to this process by scien-
tific means. This includes the definition and im-
plementation of appropriate indicators for changes
and making thus identified changes accessible to
scientific analysis.

3.5.2.7 Scientific Paradigm Shift

The scientific paradigm shift described in chapter
2.1 also raises a number of research questions.
These include the analysis of implicit scientific cul-
tures that influence both climate research and the
communication of scientific knowledge. It will be
necessary to make such scientific cultures explicit,
analyse their effectiveness, and challenge them if
necessary. Inter- and transdisciplinary research
(which have proven indispensable in the context
of climate change and transformation research) is
characterised by converging scientific cultures.
Among other things, new methods of addressing
uncertainties contribute to consolidation in this
area and at the same time constitute a research ob-
ject of mutual interest.

3.5.3 Scenarios and Development Pathways

The above-mentioned measure should ultimately
provide the basis for devising scenarios and de-
velopment pathways which encompass different
levels of detail and time scales and are made ac-
cessible to public discourse. However, the develop-
ment of such scenarios and pathways, inter alia,
still requires that both appropriate methods and

models be assessed and further developed.
Methods of participatory scenario development
could, for instance, provide an opportunity to in-
volve decision makers in the process of determin-
ing and assessing changes that need to be made.

3.6 INTER- AND TRANSDISCIPLINARY RE-
SEARCH AREAS

The current chapter focuses on both cross-cutting
and key issues in climate change research with re-
gard to potential and necessary inter- and transdi-
sciplinary co-operation.

3.6.1 Human-Environment Theory

(as the Basis for Social Action in the 2 [ st
Century)

In the Anthropocene, the relationship between
humanity and the environment reached a new
dimension that has remained inadequately consi-
dered in existing theories on the relationship bet-
ween man and the environment or, to put it anot-
her way, culture and nature. Social and economic
structures significantly influence the decisions and
/ or actions of many individuals and determine the
patterns of resource consumption that accelerate
global climate change whose impacts, in turn, take
effect at local, regional, and global levels.

Suitable problem-solving approaches must consi-
der the fact that human beings are both the drivers
of and driven by climate change. Moreover, they
need to take into account the interactions between
local and global transformation processes and
must acknowledge the asynchronous relationship
between decisions and actions and the effects they
trigger.

The issue of interactions between anthropogenic
and climate-related changes is also discussed in
chapter 3.1.6. The goal of reducing CO2 emissions
to such an extent that the average increase in glo-
bal temperature can be limited to 1.5 to 2°C above
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pre-industrial levels is a major challenge that can
only be achieved through substantial changes in
resource consumption patterns and via large-scale
technological mitigation measures. These will, ho-
wever, have a profound impact on both the econo-
my and society. In addition to a new conceptuali-
sation of the interactions between humans and the
natural environment or climate, it also requires the
development of methods which enable for the in-
corporation of such interactions in modelling ap-
proaches. On the topic improvement of models see
also chapter 3.1.5.

3.6.2. Sustainable Development — Indica-
tors, Measured Values and Monitoring
Climate change mitigation strategies that aim at
initiating transformation processes towards a cli-
mate-friendly economy and society should neither
exclusively nor predominantly rely on measures
determined by cost-benefit considerations that
are, in turn, based on current rationality criteria/
normative assumptions (such as operational or
economic efficiency as defined by current institu-
tional structures). Thus, prosperity and sustaina-
ble development indices play an important role in
the transformation towards a more climate-friend-
ly economy and society.

These can support such transformation proces-
ses by providing relevant information to create a
broader basis for decision-making. Indices of the
consumption of biophysical resources (such as
land use or material and energy flow) and of the
transfer of resource consumption and emissions
between regions (such as carbon footprint or raw
material equivalents) as well as new prosperity in-
dices (such as the OECD Better Life Index or the
Happiness Index and Beyond GDP mentioned in
chap. 3.5.1.2) are particularly relevant in this con-
text.
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However, the question of whether simplification
is more easily achieved by a headline index con-
cept or by composite indices remains unanswered.
Currently, systematic monitoring can only fall
back on single indicators. There is still a need for
research into the development of comprehensive
and concise monitoring systems for sustainability.

3.6.3 Distillation of Climate Information
Scientists, practitioners and decision makers have
access to a plethora of data on expected regional
climate change. These include extrapolated obser-
vation series, global climate models, and various
regional simulations.

There are still large uncertainties in these projec-
tions, and some data products are in part contra-
dictory. It is thus essential to identify the relevant
sources of uncertainties and distil reliable infor-
mation from the given data. Model simulations
must be linked to expert knowledge so as to rea-
listically estimate uncertainties beyond ensemble
spreads or create statements about variables that
are difficult to model in the first place. The dialo-
gue with data users is also addressed in chap. 3.1.6.

As mentioned there, an important issue is to assess
the importance of climate change as compared to
other influencing factors. Putting a focus on key
topics provides the opportunity to develop best
practice guidelines and use them as model exam-
ples for other regions in Europe or around the
world. International exchange is also important, as
it, in turn, facilitates learning from other regions.
One key consideration is whether climate-related
changes are relevant in relation to other socio-eco-
nomic drivers.



3.6.4 Climate Change in Mountain Areas
Mountain ranges, and the Alps in particular, have
pronounced microclimates and unique ecosys-
tems. However, they are also living spaces, cultural
spaces, leisure regions, economic areas, and re-
sources.

Mountain research has a long tradition in Austria.
Yet, since meteorological and climatological pro-
cesses in mountain areas are particularly complex,
there are still many research questions to be ad-
dressed. These include, for instance, inversions,
flow and thermodynamic processes on all scales,
and the emergence and manifestation of extreme
weather events in particular.

As extreme habitats for plants, animals, and hu-
mans, mountains are particularly sensitive to
changes. They are therefore also particularly sui-
table for early detection of climate change impact
(mountain ecosystems as sentinels of change).

In this context, a robust understanding of the pro-
cesses involved is highly important so as to avoid
errors in identifying the causes of change.
Modelling against the backdrop of mountain cli-
mates is discussed in chapter 3.1.5.2.

Fig. 16

Mountain areas are especially suitable for pa-
leo-climate research, as they can also be regarded
as diverse archives of earlier climates (many geo-
logical eras on surface, [ice] drill cores)

They, moreover, provide locations for observa-
tion and measurement stations that facilitate the
collection of more widely representative data and
make it possible to perform measurements even at
cloud level.

Mountain areas are a challenge for remote sensing
methods. This creates the opportunity for develo-
ping, in Austria, methods that can subsequently
be applied on a global level. Questions concerning
measurement frequency are also discussed in chap.
3.1.4.1, and the topic of long-term measurements
in the context of mountain areas is addressed in
chap. 4.1.2.

Small-scale climatic gradients (especially vertical),
which are characteristic of mountainous areas,
provide opportunities for analysing the long-term
adaptation of organisms and ecosystems to the
particular climate and for experimentally gaining
understanding of climate change impacts.
Questions pertaining to monitoring within a
mountain context are also discussed in chap.
3.2.2.1.

Interactions between the climate, alpine ecolo-
gy, and socio-economic developments should be
more closely examined than they have been thus
far. In this context, resident communities must be
considered both drivers of, and parties affected by,
any changes. Appropriate communication, adapta-
tion and research strategies could also be useful for
any mountain region.
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3.6.5 Climate- and Energy-Optimised
Sustainable Cities

Cities are economic and living environments,
places of intense social interaction, and cultural
spaces. With increasing urbanisation, cities are
gaining importance - also with regard to clima-
te change: Firstly, they are major greenhouse gas
emitters due to population, mobility, and econo-
mic as well as industrial activities.

Secondly, they also influence local climates in ways
that exacerbate certain unpleasant characteristics
of climate change.

However, at the same time, they are also a source
of hope when it comes to emission reduction mea-
sures, especially with regard to technological pro-
gress which is hoped can be implemented more
easily and quickly in cities (cf. smart city).

Finally, large amounts of data are collected in cities
for a variety of purposes. This data could be used
for climate research in the sense of crowd data.
This, however, also increases the relevance of data

privacy and protection.

Fig. 17
Open research questions concerning Austrian ci-
ties are diverse (see also chaps. 3.1.5 and 3.2.3.9)
and relate to urban planning and architecture, the
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design of public spaces, and the development of le-
gal tools for implementing mitigation and adapta-
tion measures. Often, basic data (such as meteoro-
logical data) are lacking or are collected and stored
according to criteria that reduce their usability in
climate research (for instance in the health sector).
However, many cities are also putting great effort
into climate protection, which affords ample ex-
periential knowledge on which to base scientific
analysis.

While many technical issues regarding, for instan-
ce, thermal insulation, have already been well rese-
arched, there are still research needs in the field of
the comprehensive assessment and optimisation
of building materials’ environmental and climate
impacts. It is also essential to regard cities as in-
tegrated systems of nature, technology, economy,
and human society whose essential functions and
properties cannot be grasped and described by a
single discipline.

3.6.6 Extreme Events

Extreme weather and climate events receive the
most public attention of all climate phenomena.
Their impacts affect a wide range of sectors and
cause the highest costs (at least in the short term).
Robust information on possible changes in the
occurrence of extreme events is therefore of great
interest for planners and decision-makers (see also
chap. 3.1.2 for extreme events, and chap. 3.1.5 for
models and simulations of extreme events).
Scientists are confronted with many enquiries in
this respect. Have there been changes in the oc-
currence of extreme events? Can the severity of
individual extreme events be traced back to cli-
mate change? How will characteristics of extreme
events change in the future? (See also chap. 3.1.2.)
The frequently disastrous significance of extreme
events, however, only unfolds within societal and
ecological contexts.



Successful adaptation to extreme events thus also
requires inter- and transdisciplinary research (in-
cluding the humanities, social sciences, and eco-
nomics) and must make use of local knowledge.
Predictability and risk communication - both in
principle and regarding specific incidents — are of
particular interest for a successful adaptation to
extreme events.

4. ESTABLISHING FRAMEWORK
CONDITIONS

An important aim of climate researchers is to ful-
fil society’s justified demand that science provides
solutions to great global challenges, including cli-
mate change. This requires classical research, i.e. a
striving towards knowledge and a better unders-
tanding of natural, man-made, and interacting
systems and processes that must be scrutinised
regardless of the subsequent findings’ immediate
usability.

Finding solutions to global challenges, moreover,
requires further development of the current re-
search system. Such a development encompasses,
inter alia, a conceptual expansion of the notion de-
fining research as informed by the natural sciences
and the development of both appropriate quality
indicators and new scientific communication and
publication cultures. Many of these changes can be
initiated and implemented by science itself, while
others require improved underlying conditions.

4.1 IMPROVING SciENTIFIC TooLS

4.1.1 Consistent Reference Periods and-
Scenarios (Comparability)

In both IPCC AR5 and APCC AAR14, numerous
important statements are devalued by the fact that
they apply to different time periods, which makes
a comparison or connection with other statements
difficult or even impossible.

However, consistent reference periods are a requi-
rement for the proper comparison and intercon-
nection of scientific findings, due to the comple-
xity of both climate change-related processes and
climate change impacts.

For the CCCA to define standardised reference pe-
riods is recommended.

Scenario-based studies should likewise define re-
ference scenarios that can be applied for compara-
tive purposes as appropriate.

4.1.2 Long-term Measurements

Climate change research relies on long-term mea-
surement series. This means that

a) existing long-term measurement series must
not be discontinued in favour of other, currently
more interesting projects;

b) selected discontinued measurement series (such
as meteorological measurements in the urban area
of Vienna and in high mountain regions) should
be resumed; and

¢) new measurement sites should be selected, and
new observational variables defined; they should
take into account the long-term character of the
measurements and ought to be imbedded into an
institutional context (of, for instance, the Zentral-
anstalt fiir Meteorologie und Geodynamik, the
Environment Agency Austria, or Statistics Austria;
universities are usually not ideal environments).
A systematic analysis of the data situation in Aus-
tria would be desirable, as would subsequent pro-
posals for both additions to and changes regarding
this situation which take into account the above
aspects (cf. points a to c). The funds for implemen-
ting these recommendations (as well as potential
further ones resulting from them) must be provi-
ded. However, when planning new research pro-
jects that include data collection, it must be deter-
mined in advance whether the respective research
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question could not be investigated using the exis-
ting network. It goes without saying that even an
optimised network will always require some adap-
tation.

4.1.3 Digitalisation

Due to climate research operating in the context
of long-term observations, pre-digital data can be
of high research value. This includes meteorologi-
cal, hydrological, glaciological and vegetation eco-
logy-related data, data on yields and damages in
agriculture and forestry, and insurance data.
Funds for the systematic location, acquisition, and
digitisation of such data records and for making
them accessible (for example through the CCCA
climate data centre) are necessary and would re-
present good value.

4.1.4 Consistent Databases

Consistent collection of loss data and the homo-
genisation of existing data records would signifi-
cantly improve analysis options.

Trans-national data records are necessary for con-
ducting comprehensive analyses of the Austrian
federal territory. Thus, Austria should conduct
generous data exchange with its neighbouring
countries, and relevant data should also be acces-

sible via Austrian databases.
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4.1.5 Literature database and archive
Some climate research is only published in so-cal-
led grey literature. So as to make the best possible
use of and adequately assess this kind of literature,
it must be made known and accessible.

The climate research community should make it
their concern to enter their own publications into
the CCCA literature database and deposit or link
the full texts (preferably in a digital format).

4.1.6 Open Data Access

In the context of climate change issues, it is essen-
tial to have access to as much data as possible. Open
data access at all levels is therefore important. This
involves, first of all, the provision of metadata via
appropriate databases, increasingly required in
publicly funded research. Open access also ensu-
res that a research topic can be carried forward in
detail even if the original researcher is no longer
active in that research area. It is, moreover, advi-
sable to publish in scientific journals with a strong
open-access policy. Thus, data will become acces-
sible to a wide readership, so stimulating scientific
discourse beyond classic peer review processes.
Open access publications are sometimes rather
costly, which must already be taken into account
during application for funding by both applicants
and funding bodies or institutions.

4.2 ExpPaNDING THE RANGE OF
SCIENTIFIC PRODUCTS

4.2.1 Assessment Reports (Assessments)
There is a need for gathering existing knowledge
and utilising it for stakeholders and society.

In continuation of the Austrian Assessment Re-
port on Climate Change 2014 (AAR14), assess-
ments on sub-areas and specific issues (such as
human health, tourism, spatial planning, or bio-
economy) are to be drawn up and submitted. At an



appropriate interval, also an updated edition of the
AARI4 is to be produced in collaboration with the
interested scientific community.

4.2.2 Prompt Provision of Information
with Relevance

Both government and private actors are someti-
mes forced to take action or desire to do so. Yet,
they often do not have, or take, the time to await
further scientific research results. However, since
existing knowledge often already provides a good
basis for relevant decisions, it is important for re-
searchers to carefully interpret and evaluate this
knowledge in cooperation with relevant experts
and thus make it usable. Clarification regarding
the potential of existing scientific information as
well as its limitations is essential.

4.3. MEASURES To BE TAKEN IN
REseARcH AND ScIENCE PoLICIES

4.3.1 Increasing Project Funds for Interdi-
sciplinary Projects

Research policy must provide higher project funds
for interdisciplinary projects (including integra-
tion studies) in order to facilitate the integration
of all relevant scientific disciplines and ensure that
more comprehensive research questions can be ap-
propriately investigated and more extensive com-
munication costs be covered.

4.3.2 Competitiveness and Promotion of
Young Reseachers

Excellent and socially responsible research requi-
res that young researchers be given the opportu-
nity to concentrate on (preferably no more than)
one specific project and that they be afforded me-
dium-term employment and research prospects
(about two years for postdoctoral researchers and
at least three years for Ph.D. students).

Project lifetimes of these magnitudes relieve re-
searchers of the additional burden of having to
write proposals and reports for short-term pro-
jects. In addition, they are more attractive to outs-
tanding candidates who need to be recruited from
the highly competitive international job market.

4.3.3. Incentives for Climate-friendly Re-
search

Application requirements for research funding
should include a statement on appropriate measu-
res for the climate-friendly design of the proposed
research. Funding bodies and institutions as well
as clients ought to acknowledge additional costs
for climate-friendly behaviour (such as train jour-
neys instead of flights) and CO2 compensations
(for example for flights).

Research institutions should increase their efforts
towards establishing internet-based, virtual confe-
rence spaces.

4.3.4 Adapting Legal Frameworks to new
Challenges faced in Science

In order to increase the social engagement of re-
searchers, services provided to society (such as ci-
tizen science, policy advice, or media work) must
be contributory to a career in science.

This includes extending the evaluation criterion of
“Scientific Excellence” in all relevant research en-
vironments by the (in fact already) statutory “So-
cietal Impact” parameter.

5. CURRENT STATE oF CLIMATE
RESEARCH IN AUSTRIA

5.1. ResearcH NETWORKS

The Austrian climate research landscape features
research networks at national, and regional or
local levels. The Climate Change Centre Austria
(CCCA) and its 28 members (universities and
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non-university research institutions) have tas-
ked themselves with fostering climate research in
Austria, promoting young scientists, supporting
knowledge transfer, offering advice to both poli-
cy-makers and society, and advancing the interna-
tional visibility of, as well as networking opportu-
nities for, Austrian climate research (for instance
via participation in research programmes and re-
presentation in committees and panels).

Against this backdrop, the CCCA considers itself
a point of contact between researchers, policy-ma-
kers, the media, and the public in respect of all cli-
mate research related issues in Austria. The CCCA
also aims to reinforce trust among its members
and stakeholders and at helping overcome langua-
ge barriers, thus promoting a sustainable climate
dialogue in Austria.

5.2 ResearcH COMPETENCE AND
RESEARCH SERVICES; AcTORS (COMPETENCE
Map)

Both estimates and the numbers of participants
in internal workshops at CCCA member organi-
sations suggest that there are about three to four
hundred scientists working in climate research in
Austria. Their findings are taken up in discussions
on climate change related and geographical issues
as well as research policy.

The results of national research are included in the
development and implementation of national, re-
gional, local, organisational, and individual clima-
te change mitigation and adaptation strategies.
Besides climate research that is mostly received on
a national level, contributions from international-
ly- and mainly Europe-oriented research activities
in Austria have also been integrated into the work
of international consortia such as the IPCC, the
Global Energy Assessment, the Global Biodiver-
sity Outlook, the Global Mountain Biodiversity
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Assessment (GMBA), and the LTSER Network
(Long-Term Socio-economic and Ecosystem Re-
search). Austrian climate researchers have been
contributing to the fields of both basic and applied
research, and the first steps have been taken to-
wards participation in transformation research.

The CCCA has developed a ‘competence map’ that
ought to provide an easily-accessible overview of
all climate researchers in Austria.

It maps the particular fields in which individual re-
searcher are active, outlines their specific research
interests, and summarises the research activities in
which they have been involved.

The competence map thus provides useful infor-
mation for establishing research consortia and
functions as a directory for private individuals and
business and policy representatives who wish to
make enquiries.

The map is regularly updated and is being further
developed so as to present the most comprehen-
sive survey to date of the Austrian climate change
research landscape. The consolidation of local and
regional networks - which, in Austria, exist in
Vienna, Graz, and Innsbruck - creates significant
added value for Austrian climate research.
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This is also reflected by the fact that the CCCA and
the BMWFW (Austrian Federal Ministry of Sci-
ence, Research and Economy) have developed an
important strategic partnership in the context of
the Joint Programming Initiative “Connecting Cli-
mate Knowledge for Europe” (JPI Climate), espe-
cially regarding the implementation of the JPI’s
strategic research agenda at both national and in-
ternational levels. This partnership also includes a
collaboration in setting agendas for the European
Commission’s Framework Programmes (such as
Horizon 2020) and forms the basis for co-opera-
tion within the BMWFW’s “Responsible Science”
programme on climate research.

5.3 AusTRIAN AsSESSMENT Report 2014
(Aar14)

The project of initiating and drawing up an Austri-
an Assessment Report on Climate Change, which
was supported by the Austrian Panel on Climate
Change (APCC) initiative and the CCCA, demon-
strates the successful performance of the Austrian
climate research network. Constituting the first
Assessment Report for an individual country, the
Austrian Assessment Report 2014 (AAR14) has at-
tracted great national and international attention
and made a positive contribution to raising clima-
te change awareness in the public, policy, and eco-
nomic sectors. The report provides an excellent,
annotated summary of Austria-related climate
change knowledge and thus serves as an important
basis for political and economic decisions-making
processes.

5.4 ResearcH FUNDING

Climate research is characterised by a wide range
of national and international funding structures.
In Austria, the funding instruments of the Austri-
an Science Fund (FWF) allow scientists to submit
proposals for projects that correspond to their par-

ticular research interests and are not restricted to
preconceived research agendas. In addition, pro-
grammes such as the Climate and Energy Fund’s
Austrian Climate Research Program (ACRP) offer
an opportunity for conducting applied research
that is coordinated with national research priori-
ties and their respective policy relevance. There is,
however, still a strong need for promoting trans-
formation research.

Due to its inter- and transdisciplinary character,
it is very difficult to categorise transformation re-
search in terms of the FWF’s funding structure,
and with regard to the requirements of the ACRP
programme, transformation research often lacks
a sufficiently direct relationship to explicitly cli-
mate-related issues. A 2013 call issued by the JPI
Climate programme for transformation research
proposals was, in fact, the first attempt at promo-
ting this.

In the context of the development of the European
Research Area (ERA), European Joint Programm-
ing Initiatives (JPIs) are becoming increasingly
important for research funding and supplement
the European Framework Programmes (such as
Horizon 2020). Some Joint Programming Initiati-
ves — such as JPI Climate, JPI FACCE or JPI UR-
BAN EUROPE - are also closely related to climate
research.
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