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Introduction and framing

This Technical Summary (TS) presents key findings of the 
Second Austrian Assessment Report on Climate Change 
(AAR2). The AAR2 is a comprehensive, interdisciplin-
ary assessment of current scientific knowledge on climate 
change and related risks for Austria. It illustrates the range 
of climate impacts under different global warming levels 
and identifies potential mitigation strategies, adaptation 
measures and transformation pathways. The report closely 
follows the structure and processes of the Intergovernmental 
Panel on Climate Change (IPCC).

The Technical Summary is structured as follows: Section A 
Current status and trends outlines the current climate con-
ditions and emission trends in Austria, showing clear signs of 
accelerated warming and widespread environmental change. 
Section B Impacts, key risks and adaptation examines the 
growing impacts and risks of climate change across Austrian 
ecosystems, sectors, and communities, emphasizing the ur-
gency for adaptation measures along with mitigation efforts. 
Section C Mitigation assesses the potential for emissions 
reductions across sectors, identifying key levers for Austria 
to achieve its net-zero emissions target by 2040. Section D 
Governance and society focuses on the societal, institution-
al, and governance frameworks that influence climate policy 
effectiveness and the enabling conditions for a just transition 
in Austria. Section E Climate-friendly transformation path-
ways presents options for integrating mitigation and adapta-
tion efforts alongside efficiency and sufficiency measures.

More than 200 researchers and scientists collaborated to 
produce this report, and more than 100 external reviewers 
participated in the multi-stage scientific peer review pro-
cess. The assessment builds on the First Austrian Assessment 
Report on Climate Change published in 2014 and a series 
of subsequent Special Reports coordinated by the Austrian 
Panel on Climate Change (APCC) and the Climate Change 
Centre Austria (CCCA).

The scientific evidence for each key message in this Techni-
cal Summary is drawn from the eight chapters of the AAR2. 
Following the calibrated language of the IPCC, a confidence 
statement is assigned to each key message to indicate the 
strength of the scientific evidence and level of agreement in 
the literature.

In line with IPCC convention, this assessment does not pre-
scribe any specific policy measures or interventions. Instead, 
the report discusses the portfolio of options for mitigation 
of greenhouse gas emissions and measures for adaptation 
to the impacts of climate change, highlighting synergies 
and trade-offs of specific climate actions with other socie-
tal priorities such as reaching the Sustainable Development 
Goals (SDGs). The AAR2 is conscious of the links and de-
pendencies between climate change mitigation, adaptation, 
human well-being and sustainable development, as well as 
their trade-offs.
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Understanding confidence statements in the AAR2

Science is a continuous process of discovery and uncertainty is an essential part of that process. Rather than being a 
weakness, it helps define the state-of-the-art of our understanding and highlights areas that require further research. 
This is highly relevant for climate science because future conditions depend on multiple factors including human deci-
sions, natural variability, and complex interactions of climate processes and feedbacks.

The Second Austrian Assessment Report on Climate Change (AAR2) presents a comprehensive analysis and assessment of 
the scientific knowledge and understanding of climate change in Austria. To ensure clarity and transparency, it follows 
internationally recognized methods to communicate the robustness of scientific findings based on the approach devel-
oped by the Intergovernmental Panel on Climate Change (IPCC). These methods evaluate the strength of evidence and 
the level of agreement in the scientific literature to determine confidence levels in the conclusions.

Why do confidence levels matter?

To assess the level of confidence of all key messages and scientific statements, the report examines two dimensions: 
Evidence describes the amount and quality of scientific literature supporting a conclusion or a scientific finding. This 
includes information from observations, experiments, models, and expert analysis. Agreement describes the extent to 
which the scientific literature interprets the evidence in the same way. High agreement indicates that the evidence points 
towards a similar conclusion, while low agreement indicates alternative plausible interpretations. If the level of evidence 
and agreement align, the statement is simplified to a Confidence assessment.

By considering both evidence and agreement, the report determines the overall confidence in its findings, helping read-
ers understand both well-established conclusions and areas needing further research. The AAR2 focuses exclusively on 
Austria, ensuring region-specific insights. When regional data is limited, findings from other regions are considered if 
they are relevant and transferable. 

How are confidence levels expressed?

The following table illustrates how evidence and agreement are combined to confidence statements:

Ag
re

em
en

t o
f  

sc
ie

nt
ifi

c 
ev

id
en

ce

limited evidence 
high agreement

medium evidence 
high agreement

high confidence

limited evidence 
medium agreement

medium confidence
robust evidence 

medium agreement

low confidence
medium evidence 

low agreement
robust evidence 
low agreement

Amount of scientific evidence (type, amount, quality, consistency)

If evidence and agreement align, the statement is labeled as low, medium, or high confidence. If they do not align, they 
are reported separately (e.g., robust evidence, medium agreement).
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Why does this matter for you?

Understanding confidence levels helps policymakers, organizations and individuals make informed decisions about 
climate policy and it clarifies which findings are well-supported by science and where further research is needed. This 
approach ensures that climate policy and strategies are based on the best available knowledge while remaining transpar-
ent about uncertainties.

A guide to reading key messages of the AAR2
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A.	 Current status and trends

Various manifestations of climate change are already detect-
able in Austria. Warming exceeds global averages, with av-
erage temperatures 3.1°C higher in 2024 compared to pre-in-
dustrial times. Heatwaves, droughts, and snow cover loss have 
intensified, while glaciers are shrinking and permafrost is 
degrading. Average precipitation changes vary regionally and 
seasonally, with increases in heavy-precipitation events.
Climate change is driven by greenhouse gas emissions. In 
Austria, industrial processes and transportation are the larg-
est emitting sectors. National greenhouse gas emissions large-
ly originate from the use of fossil fuels in transportation and 
industry. The Austrian economy, including industry, tourism 
and the energy sector, is already being impacted by climate 
change, and Austria faces climate-related risks in supply 
chains, especially for imported biomass from vulnerable re-
gions.

Climate change

A.1 Changes in Austria’s thermal environment are detect-
able both in the mean state and extremes with a particular-
ly notable acceleration in temperature rise since the 1980s. 
Thereby, the temperature increase is markedly stronger 
than in the global mean, mainly because of the region-
al thermodynamic and dynamical forcings in large parts 
of Europe (high confidence). Until 2024, the mean annual 
surface air temperature in Austria rose by 3.1°C since the 
pre-industrial period. From the 1980s on, this warming was 
particularly strong (+0.5°C per decade) in Austria and other 
parts of Europe. Temperature extremes including hot days 
(daily maximum temperature ≥30°C) or tropical nights (tem-
perature does not drop below 20°C at night) and the associat-
ed heat stress have markedly increased in the summer half of 

Figure TS.1 | (a) Time series of annual mean air temperature deviations from the pre-industrial mean. Global mean (HadCRUT5 – Hadley Centre/
Climatic Research Unit Temperature dataset 5), global land areas, European land areas (bounding box 25 °W – 40 °E, 34 °N – 72 °N) and Austria 
(SOCRATES – Spatial Reconstruction of Climate in Austria Combining SPARTACUS and HISTALP Datasets) for the period 1781–2024 (2023 for European 
land areas). Note that the global datasets only start in 1850. Thin lines show annual values (for clarity only shown for Austria and the global mean). 
Thick lines are smoothed with a 42-year LOESS filter (locally estimated scatterplot smoothing). Horizontal lines show the mean values of the 30-year 
climate normals (1961–1990, solid; 1991–2020, dashed). (b) Projected changes in annual mean air temperature in Austria for different global warming 
levels (GWL) based on ÖKS15 (Österreichische Klimaszenarien aus 2015 – Austrian climate scenarios from 2015) simulations (ensemble ranges). The 
changes are calculated as averages of the periods at GWL 1.5°C, GWL 2.0°C, GWL 3.0°C and GWL 4.0°C (Data sources: Auer et al., 2007; Morice et al., 
2021; Chimani et al., 2024).



Technical Summary (TS)� AAR2

2

the year (April – September; 1991–2020 vs. 1961–1990). This 
increase is especially strong in urban environments. In the 
Austrian federal province capitals, heatwaves are now 50 % 
more frequent and 1–4 days longer compared to earlier de-
cades (1991–2020 vs. 1961–1990). The number of hot days in 
very hot years (with a statistical return period of 10 years) has 
increased on average by a factor of 3 in these periods. {1.2.1, 
Figure TS.1}

A.2 Assuming a continuation of current policies, anthro-
pogenic greenhouse gas emissions are projected to rise 
until at least 2030, leading to a median global warming of 
2.7°C [2.2°C to 3.4°C] by 2100, close to the reference global 
warming level GWL 3.0°C used in this report (high con-
fidence). In these scenarios, warming continues after the 
year 2100. Even in climate projections assuming ambitious 
emission reductions, the global mean temperature increas-
es at least until the middle of the century. The development 
thereafter strongly depends on the amount of anthropogen-
ic greenhouse gas emissions. The temperature increase in 
Austria continues to be higher than the global mean. {1.2.2, 
Figure TS.1}

A.3 Mean temperatures over Austria are clearly projected 
to increase for all seasons with increasing levels of global 
warming (high confidence). Compared to the past (climate 
period 1961–1990), annual mean temperatures are expect-
ed to increase by 2.0°C, 2.6°C, 3.6°C and 4.9°C at global 
warming level (GWL) 1.5°C, GWL 2.0°C, GWL 3.0°C and 
GWL 4.0°C, respectively. Heat extremes will become more 
severe, and high temperatures will occur more frequently 
(high confidence). A very hot year occurring once in 10 years 
in the past (climate period 1961–1990) will occur 3.5 times 
at global warming level (GWL) 1.5°C, 4.3 times at GWL 
2.0°C, 5.7 times at GWL 3.0°C, and even 8.1 times at GWL 
4.0°C in 10 years on average over Austria’s area. Additional-
ly, the average temperature of the heatwaves will increase by 
6.6°C at GWL 4.0°C (robust evidence, low agreement). {1.2.2, 
Figure TS.1, Figure TS.2}

A.4 Projections of future temperature for Austria repre-
sent conservative estimates and need to be interpreted 
with caution given the cold bias (largely driven by defi-
ciencies in aerosol forcing and atmospheric dynamical 
components) of the regional climate models building the 
ÖKS15 ensemble (high confidence). Figure TS.1 clearly in-
dicates that current warming is already exceeding tempera-
ture projections especially at low GWLs and it is expected 

that Austrian mean air temperatures in the future will ex-
ceed global temperatures by at least a factor of about 1.3. 
Observations show that a GWL of 1.5°C corresponds to an 
Austrian warming level of 3.1°C. Based on ÖKS15 projec-
tions, this level of global warming would only lead to an 
increase in temperature of about 2.3°C in Austria. This is 
substantially lower than the observed temperature anomaly 
and is due to the cold bias in regional climate models. {1.2.1, 
1.2.2}

A.5 In the past (instrumental period), warming in the Aus-
trian Alps was almost identical to the rest of Austria (high 
confidence). For the future, model simulations show a slight 
elevation dependent warming (medium confidence). In an 
Austria-wide comparison, the role of the Alps as sentinels of 
climate change is thus hardly evident in their specific warm-
ing trend, but rather in the change in specific impacts such 
as the clear to strong decline of the cryosphere in response to 
warming (high confidence). {1.2.2, 7.3.1, 7.3.2}

A.6 The impact of anthropogenic climate change on pre-
cipitation in Austria is much more complex than for tem-
perature. It shows regional and seasonal variations and is 
different for climatological sums (e.g., seasonal or annual 
sums) and individual precipitation events (robust evidence, 
medium agreement). While past and future temperature in-
creases within the Austrian Alps are spatially relatively ho-
mogeneous, changes in precipitation vary from region to 
region (high confidence). The intensity of multi-day, daily 
and small-scale, short-duration (hourly) heavy precipitation 
events has increased in the warm season (May–September), 
closely following the observed rise in temperatures and the 
associated increase in water vapor content of the air (robust 
evidence, medium agreement). Seasonal mean precipitation 
in Austria is projected to increase in winter (high confidence) 
and to decrease in summer (robust evidence, medium agree-
ment). These changes clearly emerge under high emission 
scenarios or global warming levels. A regional difference in 
long-term changes to seasonal precipitation is apparent in 
the last 200 years especially in wintertime in the order of 
10–15 %, with an increase in western Austria and a decrease 
in south-eastern Austria (high confidence), probably due to 
decadal variability (medium confidence). The intensity of a 
heavy precipitation event occurring once in 10 years on av-
erage in the past (climate period 1961–1990) will increase 
by 14.3 % at GWL 1.5°C, 17.2 % at GWL 2.0°C, 23.4 % at 
GWL 3.0°C, and 30.3 % at GWL 4.0°C (medium confidence). 
{1.2.1, 1.2.2, 1.4, Figure TS.2}
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Figure TS.2 | Current manifestation and projected changes in the intensity and frequency of extreme precipitation, heat and drought in Austria. The extremes are defined as 10-year extreme 
events. Projected changes are shown at global warming levels (GWLs) of 1.5°C, 2.0°C, 3.0°C and 4.0°C (Becsi and Formayer, 2024) and are calculated relative to the Austrian climate for 1961–1990. Heavy 
precipitation frequency is defined as the number of days per year exceeding 20 mm precipitation. Heavy precipitation intensity is defined as the annual maximum daily precipitation. Heat frequency is 
defined as the number of days per year with daily maximum temperature ≥30°C. Heat intensity is defined as climatological mean of the annual maximum of the 5-day running mean of daily maximum 
temperature. The frequency of droughts is defined as the average number of years in which the drought index SPEI (Standardized Precipitation Evapotranspiration Index) falls below a defined threshold 
value during the summer half-year (April to September) in the respective periods. This threshold value is the 10-year event of the driest summer month in the respective region during the reference pe-
riod. The intensity of the droughts is assessed by the change in the SPEI value of a 10-year event in the respective comparison periods relative to the reverence period. Note that the basis of the drought 
assessment is the SPEI, which takes into account both precipitation and evaporation conditions. The SPEI is standardized and can therefore be compared across different climate zones and time periods. 
Calculations for the observational periods are based on GeoSphere Austria (2020), while calculations for projections are based on the Austrian climate scenarios (ÖKS15, Chimani et al. (2016)).
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A.7 Progressing climate change is exacerbating drought 
conditions (medium confidence). A drought event occur-
ring once in 10 years on average in the past (climate period 
1961–1990) will occur 3.6 times more often at GWL 1.5°C, 
4.2 times at GWL 2.0°C, 4.8 times at GWL 3.0°C, and 5.0 
times at GWL 4.0°C. {1.2.2, Figure TS.2}

Environmental change due to climate change

A.8 The observed and future temperature changes in Aus-
tria are directly linked to changes in Austria’s cryosphere 
and have far-reaching consequences (robust evidence, 
medium agreement). Since the 1960s, snow cover duration 
(SCD) has decreased by 5–10 days per decade across the en-
tire Alpine region, including Austria. Up to the year 2050, 
the SCD in Austria will most likely continue to decline by at 
least 5 days per decade on average (high confidence). More 
specifically, the SCD will decline by 10–15 days at GWL 

2.0°C and 60–80 days at GWL 4.0°C (robust evidence, medi-
um agreement). All glaciers in Austria have been losing mass 
and shrinking at an accelerating rate in recent years (40 % 
of glacier area in Austria was lost between 1969 and 2015) 
(high confidence). Effective deglaciation before the end of 
the century is virtually certain. Increasing air temperatures 
are leading to widespread permafrost degradation (low con-
fidence). {1.3.1, 1.3.2, 7.4.1, Figure TS.3}

A.9 Climate change impacts various components of the hy-
drological cycle (robust evidence, medium agreement). Av-
erage evaporation in Austria has increased by about 110 mm/
year in total over the past 35 years (period 1978–2013) and 
will further increase with additional warming (high confi-
dence). Increased evaporation highly contributes to low flow 
conditions in rivers and streams, severity of droughts and 
water level changes of Lake Neusiedl (robust evidence, medi-
um agreement). {1.4.1, 1.4}

Figure TS.3 | Synthesis for key variables of altitude-dependent climate change in the Austrian Alps for the future compared to the 1961–1990 
reference (1984–2018 for the snow line). The altitude dependence of the air temperature for January and July is taken from Hiebl et al. (2009), with 
the variation within the Alps shown by the shaded areas in light gray. The median temperature increases for GWL 2.0°C and GWL 4.0°C were derived 
from Kotlarski et al. (2023), based on the EURO-CORDEX CMIP5 ensemble for the Alps. Days with snow cover (>1 cm) for 1961–1990 and for GWL 4.0°C 
are taken from Chapter Box 1.1 of this report (derived from the FUSE-AT project). The snow line estimates (period April to June) are satellite data 
analyzed by Hu et al. (2020), using the values for the Salzach catchment and the temperature sensitivity of the snow line from Hantel et al. (2012) to 
project the snow line for GWL 4.0°C. The equilibrium line altitude (ELA) of glaciers in the Alps for 1961–1990 and for GWL 4.0°C is based on the study 
by Žebre et al. (2021).
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A.10 The surface water temperature of all monitored lakes 
has increased during the last 20 to 40 years (high confi-
dence). The surface temperature of selected lakes in Austria 
increased concurrent to increasing air temperature on aver-
age between 1.5°C (past 40 years) and 2.5°C (past 15 years). 
Since lake surface water temperature is closely correlated 
with changes in air temperature, lake surface water tem-
perature is expected to rise in the future. Higher lake water 
temperatures cause higher lake metabolism, which results in 
higher respiration and thus higher emissions of greenhouse 
gases, such as CO₂ and possibly nitrous oxide (N2O) and 
methane (CH4). {1.4.2}

A.11 The current loss of water in Lake Neusiedl is pri-
marily the result of evaporation due to high temperatures 
(water temperature often above 30°C in summer) and a 
decrease in precipitation (medium confidence). Ongoing 
climate change will have a major impact on the future of 
Lake Neusiedl and its surrounding ecosystems, with lower 
average water levels, especially during the summer, and as 
yet unidentified effects on the species community. {1.4.2}

A.12 Low flow trends in Austria (both drying and wetting) 
have become more pronounced in recent years compared 
to the previous assessment (high confidence). Low flow 
discharges have increased in the Alpine catchments (+23 % 
over 43 years) and decreased in the lowlands (-17  % over 
43 years). They are expected to continue to decrease in the 
lowlands of eastern and southern Austria. In the Alps, low 
flow frequency will increase significantly due to decreasing 
frost. {1.4.1}

A.13 Currently and in future projections, there is a west-
east gradient with generally higher groundwater recharge 
in the western part of Austria compared to the eastern or 
south-eastern part (high confidence). Seasonal changes in 
groundwater recharge are expected in the future, but strong-
ly depend on climate scenarios (limited evidence, medium 
agreement). Available groundwater resources may decrease 
by up to 23  % by 2050, or even 30  % regionally (medium 
confidence). {1.4.3}

A.14 The role of the Alps as a water tower for Austria and 
even more for Central Europe is evident from the climatic 
water balance (which is positive by an average of 466 mm 
for the period 1981–2010) (high confidence) and from the 
comparison of the runoff contribution to the area-related 
mountain share of individual river catchment areas. Such a 

comparison shows that the runoff contribution clearly ex-
ceeds the area share (33  % to 17  % for the entire Danube 
catchment, 38  % to 21  % for the entire Rhine catchment) 
(high confidence). As a result of future climate change, a pos-
itive shift in the climatic water balance in Austria is antici-
pated and will become even more positive (+107±56 mm) 
under GWL 2.0°C and the role as a water tower will increase 
on average. At the same time, there is an increasing risk of 
droughts and thus a stronger negative shift in the climatic 
water balance for subperiods within a year (medium confi-
dence). {7.4.1}

A.15 In recent decades and in the future, the hydrological 
cycle in the Austrian Alps has been and will be character-
ized by changes in snow cover (decrease in snow depth, 
earlier and increased snowmelt) (high confidence) and an 
increase in extreme precipitation events on the time scale 
of hours (thunderstorms) in summer (robust evidence, me-
dium agreement). As a result, summer floods in small catch-
ments in the Alps have increased and will continue to do so 
in the future, while floods caused by heavy spring snowmelt 
are increasingly shifting to winter (high confidence). Increas-
ing glacier loss exacerbates low flow conditions in glacier-
ized catchment areas in the Alps in summer, however, with 
a decreasing contribution in the future due to the disappear-
ing glaciers (high confidence). {7.4.1}

A.16 Fluvial and pluvial floods have increased in parts 
of Austrian catchments (medium confidence). For fluvial 
floods, the trend is more pronounced in smaller catchments 
than in larger ones. A clear seasonal shift from winter and 
spring fluvial floods to summer floods is detectable, mean-
ing that summer is now the dominant flood season in the 
eastern half of Austria. In Alpine areas, floods which are 
caused by heavy spring snowmelt are increasingly shifting to 
winter (high confidence). {1.4.1, 7.4.1}

A.17 The use of land for human livelihoods alters bio-
geochemical cycles and ecological patterns and processes, 
affecting the climate system, biodiversity and ecosystem 
services (high confidence). There are multiple trade-offs 
between different ecosystem services, mostly because the 
(global) land surface is limited. Rapid reductions in anthro-
pogenic greenhouse gas (GHG) emissions that limit warm-
ing to ‘well below’ GWL 2.0°C would greatly alleviate ex-
isting trade-offs, while warming above GWL 2.0°C would 
exacerbate them. {2.1}
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A.18 Land-related human activities that benefit from 
multiple ecosystem services constitute an important el-
ement of Austria’s GHG budget (high confidence). Agri-
cultural activities, which are essential for food production, 
accounted for 9.9 % of Austria’s total GHG emissions (in-
cluding LULUCF) during the most recent available 5-year 
average (2019–2023), dominated by methane (CH4) and ni-
trous oxide (N2O) (high confidence). For the same period, 
the sector land use, land use change and forestry accounted 
for 2.3 % of Austria’s GHG emissions (medium confidence). 
Previously known as the ‘forest sink’, this sector has notably 
decreased in sink strength since the early 2000s and became 
a carbon source around 2020, characterized by its large year-
to-year variations. {2.1.1}

Emissions

A.19 The Austrian energy system is mainly based on fos-
sil fuels and therefore a large greenhouse gas emitter (high 
confidence). In 2023, energy use was responsible for 70 % 
(44.5 MtCO2-eq) of all greenhouse gas emissions and fossil 
fuels had a share of 62 % of gross domestic energy consump-
tion. A major share of fossil energy is imported (96 %). This 
implies a high import dependency, low security of supply, 
and vulnerability to global price shocks. {4.5.1, Figure TS.4}

A.20 The industry and manufacturing sector is particu-
larly emission intensive, contributing 16  % to GDP and 
39  % (25.1  MtCO₂-eq) to emissions in 2023 (high confi-
dence). Emissions are highly concentrated in the iron and 
steel, chemicals, pulp and paper, and non-metallic minerals 
industries, which account for 82 % (21 Mt) of the sector’s 
emissions and 29 % of national emissions (data for 2020). 
From 2014 to 2020, emissions in this sector fell by 1 % per 
year, while value added has grown by a rate of 2 % per year. 
{4.4.1}

A.21 Energy use in buildings and transportation provide 
essential services and, respectively, account for 36 % and 
34  % of the total energy demand in Austria in 2023, in 
turn corresponding to 9 % and 29 % of the total Austrian 
greenhouse gas emissions in 2023 (high confidence). These 
shares would be even higher if the greenhouse gas emis-

sions associated with district heating and electricity used in 
buildings and mobility (e.g., heat pumps, electric vehicles) 
were included. These indirect emissions were responsible 
for 3.4 % (buildings) and 0.3 % (transportation) of national 
greenhouse gas emissions in 2022. {3.3.1, 3.4.1}

A.22 Absolute building greenhouse gas emissions fell by 
about 43  % between 1990 and 2022, despite increases in 
the number and size of housing units (high confidence). 
This decoupling was due to rapid deployment of renewable 
energy sources and district heating as well as better insulat-
ed buildings and a reduced need for heating due to higher 
ambient temperatures. {3.3.1}

A.23 Road transport accounts for 99 % of greenhouse gas 
emissions in Austria’s transport sector (excluding inter
national flights), with freight contributing 35  % in 2023 
(high confidence). While traffic emissions declined follow-
ing the financial crisis in 2008, they rebounded and saw a 
steady rise from 2012 onward. Substantial reductions oc-
curred only in recent years, beginning in 2020, largely driv-
en by external factors such as the COVID-19 pandemic 
and the Russian invasion of Ukraine. Nevertheless, in 2023, 
transport-related emissions remained 42 % above the 1990 
level. {3.4.1, 3.4.3}

A.24 Tourism is of high economic significance for Austria 
and is associated with substantial emissions (high confi-
dence). 8.1  % of CO2  emissions in Austria originate from 
tourism and this figure increases to 22.6 % when including 
transport-related emissions between origin and destination 
of foreign and domestic visitors to Austria (medium confi-
dence). Due to the economic significance of tourism in Aus-
tria (7.5 % of GDP in 2019), tourism is an important sector 
to be considered on the path to a carbon-neutral economy 
(high confidence). {4.3.2}

A.25 The health care system contributes to climate change 
with its own carbon footprint and could also contribute 
substantially to the mitigation efforts (limited evidence, 
high agreement). Medical goods and services account for 
about half of the emissions of the health care sector, while 
direct energy use and transport account for the other half. 
{Cross-Chapter Box 2}
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Figure TS.4 | Historical greenhouse gas emissions and key policy scenarios. Left part of panel (a): Historical greenhouse gas emissions excluding 
land use, land-use change and forestry (LULUCF) from 1950 until 1990 (Gütschow et al., 2016, 2024). Central part of panel (a) and panel (b): Historical 
emissions by sector from 1990 until 2023 (Umweltbundesamt, 2025). Right part of panel (a) and panels (d) and (e): Aggregate greenhouse gas emis
sions excluding LULUCF and emissions covered under the Effort Sharing Regulation (ESR) in key policy scenarios (Umweltbundesamt, 2024a, 2024b). 
Panel (c): Production- vs. consumption-based accounting of emissions excluding sources and sinks from LULUCF (Dorninger et al., 2025).
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B.	 Impacts, key risks and adaptation

Austria faces complex challenges due to climate change and 
impacts from rising temperatures, shifting precipitation pat-
terns and related consequences. Natural hazards are expected 
to increase, posing greater risks for human and natural en-
vironments and emphasizing the need for adaptation. Recent 
observations and future projections indicate more frequent 
and severe events like fluvial and pluvial flooding, torrential 
floods, and wildfires. Water resources are under growing pres-
sure from droughts, altered precipitation regimes, and higher 
evaporation rates, affecting both water supply and aquatic 
ecosystems. The impacts on Austrian biodiversity and eco-
systems show significant shifts and deterioration of sensitive 
habitats such as wetlands. In agriculture and forestry, chang-
ing conditions pose both risks (e.g., water scarcity) and op-
portunities (e.g., extended growing seasons), making adaptive 
management strategies increasingly important. Winter tour-
ism faces challenges due to shortened ski seasons and dete-
riorating snow-making conditions, prompting a shift toward 
more robust summer tourism. For the built environment, new 
design standards and infrastructure adaptations are needed 
to cope with heat stress and changing precipitation patterns. 
Finally, health concerns – ranging from heat-related illnesses 
to the mental health impacts of increasing risks – underscore 
the interconnected nature of these issues and the need for co-
ordinated responses across sectors.

General aspects

B.1 Climate change related losses in Austria, currently 
averaging EUR2019 2 billion annually, are projected to rise 
significantly by 2030 (EUR2019 2.5–5.2 billion) and by 2050 
(EUR2019 4.3–10.8 billion, estimates from 2020) (limited 
evidence, high agreement). Austria is currently impacted 
by climate-related damages and losses, and future climate 
change along with socio-economic development will in-
tensify these effects. Quantitative evidence from Austrian 
studies is limited, necessitating standardized documentation 
of losses and damages and more research for robust assess-
ments. {6.7.2}

B.2 The Austrian economy is already at risk due to cli-
mate change related impacts, and future climate change as 
well as socio-economic development will further intensify 
these impacts (limited evidence, high agreement). Interna-
tional studies provide quantitative climate change impact 
assessments at national and supranational levels. Subna-
tional and sector-specific assessments are rare but needed 
to broaden the evidence base for potential climate-related 
impacts in Austria, focusing on the Austrian energy genera-
tion and transmission infrastructure, services and industrial 
sectors. {4.3.3, 4.5.2}

B.3 At the global warming level (GWL) of 1.4°C [1.2°C 
– 1.6°C] recorded in 2024, Austria has already observed 
moderate climate change-induced risks, which are project-
ed to intensify and expand with rising temperatures (high 
confidence). The ‘burning embers’ visualization tool (see 
TS Method Box 2) illustrates these risks by showing color 
transitions that reflect increasing levels of concern across 
human and ecological systems as GWLs rise, with most key 
risks reaching high levels around GWL 3.0°C. Without en-
hanced adaptation, very high risks, such as those affecting 
mortality, ecosystems, and ski tourism, could become un-
avoidable, highlighting the urgent need for mitigation and 
adaptation strategies. {Cross-Chapter Box 1, Figure TS.6, TS 
Method Box 2}

B.4 Human responses to climate-related risks can ampli-
fy or reduce the expected impacts (medium evidence, high 
agreement). Hazard, risk, and crisis management plans, 
management plans for shortages of energy and natural re-
sources, or extreme weather and hazard events can limit the 
expected impacts (limited evidence, medium agreement). 
Communication and compliance strategies for management 
plans need to integrate behavior science principles to be ef-
fective (e.g., defaults for emergency notifications, support 
from role models in society) (high confidence). These could 
build on the existing risk management structures (e.g., train-
ing courses as part of work safety on climate impact respons-
es, local evacuation plans, early warning systems). {Chapter 
Box 5.1, Figure TS.5}
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Figure TS.5 | Core components of risk and related terms (see definition in TS Method Box 1, Cross-Chapter Box 1 Figure 1). The figure is based on 
the initial IPCC risk figure (Garschagen et al., 2019) but has been slightly adapted for the AAR2 (Fuchs et al., 2024). The white arrows illustrate actions 
influencing hazard, exposure, and vulnerability, which shape risks over time (increase, decrease). The red line in the center illustrates hard limits to 
adaptation, while the dark gray solid line illustrates the status quo of risk. The dark gray dashed line illustrates the soft limits of adaptation. The area in 
between the red and the dark gray (light purple) is therefore the solution space. The remaining residual risk is the inner core of the risk figure (white), 
defined by the red line. Illustrative examples for risk management actions addressing each of the three risk components are provided.

Method Box 1: Risk

The AAR2 emphasizes risk as a critical framework for assessing climate change impacts in Austria. Based on the IPCC 
framework, risk – defined as the potential for adverse consequences – results from the interaction of the climate-re-
lated hazard and its likelihood of occurrence, the exposure of elements at risk over time, and the vulnerability of the 
affected system (see Figure TS.5). The AAR2 assesses risks by analyzing changes in hazard, exposure, and vulnerability, 
considering their uncertainties and variability. Dynamic interactions among these components affect overall risk over 
time. These risks are then evaluated for severity and urgency to identify key risks, which will become severe due to 
climate change impacts and associated changes in hazards, exposure, vulnerabilities (e.g., magnitude and likelihood of 
adverse consequences: pervasiveness of the consequences, degree of change, irreversibility of consequences, potential 
for impact thresholds or tipping points, potential for cascading effects beyond system boundaries), or mitigation/ad-
aptation responses. Adaptation and risk management are crucial but face limits, either due to soft limits (options are 
currently not available due to socio-economic or cultural reasons to avoid intolerable risks through adaptive action) or 
hard limits (no adaptive actions are possible to avoid intolerable risks), impacting losses and damages. The key risks 
need to be prioritized for action based on societal risk tolerance and adaptation limits. {Cross-Chapter Box 1, Figure 
TS.5, Table TS.1}

https://aar2.ccca.ac.at/chapters/1
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Table TS.1 | Key risks identified in the AAR2, including details about consequences, hazards, exposure and vulnerability. {1.A.3}

https://aar2.ccca.ac.at/appendix/1
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Method Box 2: Burning Embers

The climate risk visualization tool called burning embers has been used to visualize reasons for concern, which ag-
gregate climate-change-related impacts and risks to various systems and sectors. Burning ember diagrams use color 
transitions to show changes in the assessed level of risk to human systems and ecosystems as a function of global warm-
ing levels (GWLs), but do not consider changes in exposure and vulnerability, see Figure TS.6. At the current GWL of 
1.4°C, corresponding to an observed mean temperature change in Austria of 3.1°C, moderate risk levels have already 
been detected and attributed to climate change for a number of key risks, such as mortality due to heat, agricultural crop 
yield losses due to drought, disturbances to ecosystems (such as changes in species number and composition, ecosystem 
functions, or range shifts), and losses and damages due to river, torrential, and pluvial flooding. For grassland yields, 
water scarcity, and ski tourism, moderate risk levels have been observed in some regions (drought risk and water scarcity 
in some regions and some years; ski tourism in lower altitudes). These risks are projected to intensify and spread to other 
regions and higher altitudes. Most key risks are characterized by high risk levels at around GWL 3.0°C, due to the larger 
areas being affected by the risk, persistence of impacts, and impact severity. For some key risks such as mortality, crop 
and forestry yields, ecosystems, water supply, and ski tourism, very high risks cannot be excluded with current levels of 
adaptation. {Cross-Chapter Box 1, Table TS.1}

Figure TS.6 | Burning ember diagram of selected key risks for Austria, clustered by sector or system at risk (Cross-Chapter Box 1 Figure 3, TS Method 
Box 2). Diagrams show the change in the levels of impacts and risks assessed for 0–4.5°C global surface temperature change relative to the pre-industri-
al period (1850–1900). The global warming is also converted to mean Austrian surface temperature change. For a number of key risks, confidence levels 
are given as ranges to indicate that the risk transition will be at a lower global warming level in some regions or altitudes and at a higher global warm-
ing level in others. Confidence levels: high (•••), medium (••), low (•), very low ((•)). The method is based on O’Neill et al. (2022, p. 2481 ff ).

https://aar2.ccca.ac.at/chapters/1
https://aar2.ccca.ac.at/chapters/1
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Figure TS.7 | Heat and persons exposed in Austria: (a) Annual number of hot days (≥30°C) in Austria at present (1991–2020) and for the future 
according to different Global Warming Levels (GWLs) (Becsi and Formayer, 2024; Chimani et al., 2016; GeoSphere Austria, 2020), (b) number of people 
exposed to hot days at present and at different GWLs considering the population for year 2050 under Shared Socioeconomic Pathway 2 (Riahi et al., 
2017; Wang et al., 2022; data for Austria provided by Marbler, 2024).



Technical Summary (TS)� AAR2

15

B.5 Comprehensive and coordinated adaptation measures 
are necessary to safeguard Austria’s economy, infrastruc-
ture, and communities against rising climate-related im-
pacts in the coming decades (high confidence). Adaptation 
necessitates both sector-specific and cross-sectoral measures 
to build long-term resilience. Under higher warming levels, 
localized limits to adaptation may emerge (low confidence). 
Integrating adaptation into sectoral policies and planning is 
essential to ensure resilience and avoid maladaptation (high 
confidence). Embedding climate-related risk considerations 
into health care, transportation, urban planning, tourism, 
energy systems, forestry, agricultural and water manage-
ment strategies is critical to reducing vulnerabilities and 
strengthening adaptive capacity across sectors. {2.3, 3.2.3, 
3.4.4, 7.5.4, 8.5.5, Figure TS.7}

B.6 The rising costs of inaction on climate change far ex-
ceed the investment needed for effective adaptation and 
mitigation (limited evidence, high agreement). Beside the in-
vestments for mitigation (see C.21), the investment need for 
achieving adequate adaptation levels (to minimize residual 
damage from future climate change impacts) is also substan-
tial, and the currently existing adaptation gap is projected to 
increase unless adaptation finance is scaled up. Investment 
needs for mitigation and adaptation are below the expected 
monetized annual costs of inaction, especially when consid-
ering the multiple climate change impacts that have so far not 
been expressed in monetary terms, e.g. loss of biodiversity 
and impact of psychological stress on health. {6.7, 8.6}

Natural hazards

B.7 Climate change will have a significant influence on dif-
ferent types of natural hazard processes in Austria, depend-
ing on the topographical situation (medium confidence). 
Together with cascading and compound processes, this will 
affect communities by causing major economic losses, spe-
cifically in areas with expanding built environment and land 
use. Furthermore, it will affect the transport infrastructure 
and services, and thus the mobility of the population and the 
accessibility of communities, and it may interrupt pan-Euro-
pean transport routes. {1.8, 3.4.4, 7.4.1, 7.4.3}

B.8 Climate change will lead to responses in earth surface 
processes and landforms and thus may influence the fre-
quency and magnitude of landslides (medium confidence). 
Extreme rainfall events, and in high-mountain environ-

ments glacier retreat and to some extent permafrost degra-
dation will increase landslide activity of different types, al-
though detailed data is still limited in the Austrian Alps. The 
frequency of shallow earth/debris slides and debris flows is 
expected to increase in Austria, and the frequency of rock 
falls/avalanches and rockslides is additionally expected to 
increase in high-mountain areas. {1.7}

B.9 The risk of torrential flooding will increase in Austri-
an mountain valleys (robust evidence, medium agreement). 
Torrential flooding in Austria’s Alpine region will increase 
due to more intense precipitation and higher sediment avail-
ability from glacier retreat, permafrost degradation, and 
stronger weathering. This will cause major economic losses, 
affect transport infrastructure, and disrupt community acces-
sibility. Adaptation measures include stricter land-use regula-
tions, mandatory building insurance, and pooled prevention 
funds for local protection. {1.4, 1.8, 3.4.4, 7.4.1, Table TS.1}

B.10 Drought risk will increase in Austria (high confi-
dence). Increasing evapotranspiration and precipitation 
variability heighten drought risks, impacting agricultural 
production and vulnerable ecosystems in Austria, espe-
cially in the east. This increases irrigation needs and may 
degrade ecosystems and water supplies (medium evidence, 
high agreement). Households and businesses will face more 
frequent water scarcity. Adaptation includes drought-toler-
ant crops, sustainable soil management, and expanded water 
supply networks. {1.2.2, 1.6, 1.8, 2.2.1, Table TS.1}

B.11 Water resource planning will face new challenges 
locally and regionally during drought events (medium 
evidence, high agreement). Provisioning of drinking water 
will be impaired in certain regions of northern and eastern 
Austria, whereas the increased need for agricultural irriga-
tion will impact water resource planning significantly across 
Austria during drought events. {2.2.1}

B.12 Wildfire risk will increase in Austria (high confi-
dence). Climate change will increase heatwaves and alter 
precipitation patterns, increasing wildfire risk in Austria. 
This will cause local economic losses and disrupt infrastruc-
ture, especially in expanding settlements and wildland-ur-
ban interfaces. Adaptation measures include using less fire-
prone tree species, improving organizational preparedness, 
and educating the public, as human activity causes 85 % of 
forest fires. Insurance can mitigate some economic losses. 
{1.6.2, 1.8, 2.2.2, 7.4.1, Table TS.1}
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https://aar2.ccca.ac.at/chapters/3
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B.13 With intensifying climate impacts, incremental adap-
tation measures will no longer suffice, and adaptation lim-
its are likely to be reached under higher global warming 
levels, threatening societal goals and critical ecosystems 
(robust evidence, medium agreement). Even with imme-
diate and strong mitigation efforts, adaptation needs will 
continue to grow in the short to medium term due to ac-
celerating climate change impacts. At GWL 3.0°C, key ad-
aptation limits are expected in vulnerable ecosystems such 
as Alpine regions and flood-prone areas, as well as in areas 
facing water scarcity and land shortages for adaptation mea-
sures. Current strategies and risk management systems are 
insufficient to cope with compound and cascading risks re-
lated to extreme weather and hazards events, which can lead 
to long-lasting or even irreversible consequences for com-
munities, infrastructure, and ecosystems. Examples include 
mega-droughts triggering water shortage and natural haz-
ards affecting critical infrastructure and economic stability. 
{1.6, 1.8, 3.4.4, 6.5.2, 6.7, 8.5.5}

Biodiversity and ecosystem services

B.14 Climate change is changing species composition in 
ecosystems by driving species ranges upslope in eleva-
tion, by replacing cold-adapted species with warm-adapt-
ed species and by increasing the impact of other stressors 
(e.g., agricultural intensification) in sensitive ecosystems 
such as wetlands, grasslands, and forests (high confidence). 
These changes lead to turnover in species composition de-
spite relatively stable average species richness in recent de-
cades with a general trend toward homogenization through 
the replacement of specialist species by generalist species. 
Neobiota native to regions with warmer climates, as well 
as some agricultural and forest pests, may benefit. In for-
ests, the amount of timber volume damaged by spruce bark 
beetles has increased significantly and due to high damage 
caused by disturbances (storms, bark beetles) and reduced 
increment, timber removals have sometimes exceeded 
growth. {1.6.1, 1.6.2, 1.6.3, 1.6.4}

B.15 There is a risk of biodiversity loss in Austria, driv-
en by climate change and anthropogenic stressors such as 
land-use change (high confidence). Sensitive ecosystems are 
projected to lose important ecosystem functions and services 
like carbon storage. Warmer conditions are causing an up-
ward shift of mountain species, shrinking cold environments 

above the tree line and leading to biodiversity losses in the 
Austrian Alps. Warm-demanding species are replacing en-
demic cold-adapted ones above 2,600 meters above sea level. 
The pervasive, irreversible consequences, including genetic 
diversity loss and species extinction, demand increased pub-
lic awareness and conservation efforts to mitigate human 
land-use pressures. {1.6.1, 1.6.2, 1.6.3, 1.6.4, 2.2.1, 2.2.2, 7.4.1, 
Figure TS.8, Table TS.1, Table TS.2}

B.16 Land use and climate change are the most important 
drivers of wetland degradation (high confidence). Many 
wetlands will lose important ecosystem functions as car-
bon storage, inducing positive feedback cycles with climate 
change (high confidence). Other affected ecosystem func-
tions are the typical, often endemic biodiversity (medium 
evidence, high agreement) and water retention (medium evi-
dence, high agreement). {1.6.1}

B.17 Ongoing climate change will have regionally diverse 
impacts on the provision of ecosystem services due to com-
plex biophysical conditions (high confidence). Notably, (1) 
a general decrease in all ecosystem services, particularly 
provisioning ecosystem services, is expected in the northern 
Alpine foothills and highlands, in the southern Alps with 
the Klagenfurt Basin, and in the central Alps; (2) a spatial 
shift of dominant ecosystem services toward higher eleva-
tions will occur for regulating ecosystem services and to-
ward low and peripheral areas for provisioning ecosystem 
services, depending on water availability and plant stress 
profiles (medium confidence). {2.2, Figure TS.8, Table TS.2}

B.18 Changes in the water and temperature regime are pro-
jected to increase soil erosion due to the rising frequency 
of convective events and extreme precipitation (high confi-
dence). The impacts will be most pronounced in areas with 
steep slopes, poorly managed soils, or insufficient vegetation 
cover, which amplify vulnerability to erosion. Without effec-
tive countermeasures, such as sustainable land management 
practices, reforestation, and improved soil conservation 
techniques, the severity and frequency of erosion-related 
impacts will likely escalate. {1.5}

B.19 High temperatures in connection with sufficient wa-
ter supply will lead to increased loss of soil organic carbon 
(high confidence). Mineralization of soil organic carbon will 
be fostered by higher temperatures at sites with sufficient 
precipitation (e.g., at higher sea level). {1.5}
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Table TS.2 | Mean potential impacts of climate change on Ecosystem Services (E.S.) under GWL 3.0°C and GWL 5.0°C, differentiated by three 
major biogeographical regions and classified into qualitative impact levels (Schirpke and Tasser, 2024). Impacts were derived by identifying potential 
impacts on multiple indicators, used to quantify the potential ecosystem service supply, based on current literature. The indicators were multiplied 
by the potential impacts and spatially weighted with projections of temperature and precipitation under the two GWLs. For methodological details, 
see Schirpke and Tasser (2024). A strong negative impact is indicated by ‘-3’, a medium negative by ‘-2,’ a low negative by ‘-1’, and a low positive by ‘1’. 
Values are averaged across regions. The regions encompass several ecosystems. E.S. not covered by Schirpke and Tasser were estimated by expert 
judgement (blue font). If supported by literature levels of confidence are given (*/**/*** = low/medium/high).
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Figure TS.8 | Mean potential impacts of climate change on Ecosystem Services (E.S.) under GWL 3.0°C and GWL 5.0°C, differentiated by three 
major biogeographical regions and classified into qualitative impact levels (Schirpke and Tasser, 2024). Impacts were derived by identifying potential 
impacts on multiple indicators, used to quantify the potential E.S. supply, based on current literature. The indicators were multiplied by the potential 
impacts and spatially weighted with projections of temperature and precipitation under the two GWLs. For methodological details, see Schirpke and 
Tasser, (2024). E.S. not covered by Schirpke and Tasser (2024) were estimated by expert judgement where possible. If supported by literature levels of 
confidence are given (*/**/*** = low/medium/high).

B.20 Competing demands for land resources, services, and 
benefits create conflicts of objectives and interests among 
various land users (high confidence). Key conflicts include 
those between biomass extraction, carbon storage, biodiver-
sity, and nature conservation as well as between agricultural 
uses and renewable energy production, such as crop cultiva-
tion for bioenergy production, agrivoltaics (combined use 
of land for agriculture and photovoltaics (PV)), wind and 
water energy. Ambitious mitigation measures entail import-
ant challenges and conflicts. Transparent and democratic 
negotiation of trade-offs between values and stakeholders 
is essential to overcome barriers to the transformations of 
the land-use system, counteracting path dependencies and 
unequal power relations among actors, while supporting 
vulnerable land users. {2.4}

B.21 A fundamental conflict unfolds between economic 
growth and environmental conservation (high confidence). 
Economic growth, in its current form, drives increased pro-
duction and consumption and thus land demand, making it 
a key driver of climate change and biodiversity loss, e.g., due 
to land-use intensification and land conversions. Techno-
logical improvements that increase yields partly offset land 

demand but rebound effects in the land system often anni-
hilate the efficiency gains. {2.4}

B.22 Nature-based solutions are essential for Austria’s 
adaptation strategy, offering multi-benefit approaches 
that enhance biodiversity, reduce climate-related risks, 
and strengthen ecosystem resilience (high confidence). 
Nature-based solutions, such as wetland restoration, river 
renaturation, and urban greening, provide significant cli-
mate adaptation benefits. For example, protective forests 
in Austria mitigate natural hazards such as avalanches and 
rockfalls, while wetlands act as natural water retention ar-
eas, reducing the probability of floods and improving water 
availability during droughts. Urban greening initiatives con-
tribute to cooling during heatwaves, improved air quality, 
and public health in cities. However, their full potential is 
hindered by limited legal frameworks, competition for land 
use, and insufficient financial incentives for implementation 
and maintenance. Strengthening ecological restoration laws, 
expanding subsidies for nature-based solutions projects, 
and establishing long-term monitoring systems are critical 
to ensuring their effectiveness and integration into Austria’s 
broader adaptation strategy. {1.6.1, 1.6.4, 2.3.3, 6.5.2, 7.5.4}
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B.23 Transforming land-use systems is critical for reduc-
ing biodiversity loss, addressing land-use conflicts, and 
ensuring ecosystem resilience in the face of climate change 
(high confidence). Wildlife and habitat corridors play a cru-
cial role in enabling species migration and behavioral adap-
tation, preserving biodiversity, and maintaining ecosystem 
functionality under climate stress. Maintaining high species 
and genetic diversity in agriculture and forestry enhances 
the resilience of ecosystems to climate impacts, facilitating 
evolutionary adaptation and reducing the risk of species 
loss. Intensified land-use conflicts, such as competition be-
tween biomass extraction, carbon storage, renewable energy 
production (e.g., agrivoltaics wind and water energy), agri
culture, forestry, biodiversity, and conservation, demand 
balanced policies to minimize trade-offs and prioritize 
long-term ecological sustainability. {1.6.4, 2.4, 7.4.1}

Agriculture and forestry

B.24 The future provision of agricultural crops for feed, 
food, fiber and fuel in Austria will be compromised by cli-
mate change, particularly due to water availability issues 
(medium evidence, high agreement). Climate change im-
pacts on agricultural yields vary widely, ranging from neg-
ative to positive outcomes depending on temperature, pre-
cipitation, and adaptation scenarios (high confidence). Un-
certainties remain regarding the effects of extreme weather 
events, other disturbance factors such as pests, the role and 
effect of CO₂ fertilization, and the effectiveness of adapta-
tion measures including the development of new crop types 
and plant breeding. {2.2.1}

B.25 Adaptation to increasing water demands during 
droughts requires innovative water management strate-
gies and improved monitoring of agricultural irrigation 
(medium evidence, high agreement). Austria’s adaptation 
to increasing water demands during drought events neces-
sitates new approaches to water availability, particularly as 
agricultural irrigation significantly impacts resource plan-
ning nationwide. While drinking water provisioning will 
only be impaired in specific regions such as northern and 
eastern Austria, the lack of monitoring data on actual irri-
gation water use restricts accurate projections and informed 
adaptation decisions. Collecting and utilizing such data is 
critical to quantifying adaptation limits and enhancing wa-
ter resource management under changing climatic condi-
tions. {2.2.1, 3.2.3}

B.26 Sporadically, climate change improves ecosystem pro-
ductivity due to increasing temperatures extending grow-
ing seasons (medium confidence). In both forestry and agri-
culture, observations show that a warmer climate increases 
plant productivity. These opportunities are jeopardized by 
the speed of change – in forestry, challenges are related to 
the long rotation periods in forest management, which limit 
the rapid adaptation of tree species to take advantage of a 
different climate. In agriculture, adaptations are needed to 
allow for handling extreme weather situations (droughts, 
cold spells, heatwaves). {2.2}

B.27 Some of Austria’s international supply chains will 
become more vulnerable (medium confidence). Austria is 
a net importer of biomass, importing mainly raw materials 
and exporting mainly highly processed and manufactured 
final products. About 16 % of Austria’s imports of food and 
feed and 5 % of Austria’s imported wood products originate 
from regions that are moderately to highly vulnerable to 
climate change and do not yet appear to be ready to adapt, 
especially tropical and Mediterranean regions. Diversify-
ing origins and reducing the overall demand for vulnerable 
products decreases the vulnerability of supply in Austria, 
while decreasing environmental pressures on global ecosys-
tems. {Chapter Box 2.1}

B.28 Limited water supply will be the primary direct im-
pact on Austrian forests (high confidence). Intensified dis-
turbance regimes (storms, snow damage, insects, fungal in-
fections) will severely affect the provisioning of ecosystem 
services (high confidence). The pathways and pace of adap-
tation in forest species composition will depend on forest 
management strategies (medium confidence). {1.6.2}

B.29 Protection forests in Austria face a high risk of de-
clining quantity and quality due to climate change (high 
confidence). Rising temperatures, severe droughts, and nat-
ural disturbances, such as wind, fire, pests, and bark beetle 
outbreaks, will shift tree species and forest composition, 
reducing the protective functions of forests, particularly 
below 1,000 m above sea level. Monocultures are especially 
vulnerable, further increasing the frequency and magnitude 
of hazards like snow avalanches and debris flows, threaten-
ing communities and infrastructure in valleys. Adaptation 
measures, including maintaining diverse, multi-layered for-
ests with sufficient canopy cover and natural regeneration, 
are essential. Deadwood can also help sustain forest protec-
tion after disturbances. {2.2.1, 2.2.2, 7.4.2, Table TS.1}
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B.30 Natural regeneration of tree species faces challenges 
under climate change, requiring innovative forest manage-
ment approaches that balance biodiversity preservation 
and adaptation to changing conditions (medium confi-
dence). Natural regeneration is hindered by browsing dam-
age from high ungulate populations and competition among 
tree species adapting to new climatic conditions (robust ev-
idence, low agreement). While foresters suggest introducing 
non-native tree species as promising alternatives where na-
tive species struggle, this approach remains highly debated 
due to ecological uncertainties (robust evidence, low agree-
ment). Forest management strategies that reduce pressures 
from anthropogenic activities and promote adaptive practic-
es, such as selective logging and mixed-species plantations, 
can reduce degradation while supporting carbon storage 
and biodiversity (medium confidence). Maintaining ecosys-
tem functionality will depend on effective forest manage-
ment that balances biodiversity preservation with adaptive 
measures (medium confidence). {1.6.2, 2.2, 2.3, 7.4.2}

Tourism and built environment

B.31 The effects of climate change will substantially alter 
some of the supply and demand in some segments of the 
tourism sector (high confidence). Changing overall climate 
conditions (e.g., increase in average temperatures, shift in 
precipitation, lower snow depth) and increasing extreme 
weather events (e.g., number of hot days, precipitation in-
tensity, storm frequencies/intensity) will change supply con-
ditions of tourism services and thus require an adaptation 
on the supply side. Adjustment will also take place along 
several demand dimensions, either as a reaction to changes 
in supply or as a push factor inducing such changes. This 
includes seasonal and geographic adjustments, a change in 
the type of products purchased, and a reduction in the fre-
quency of travel linked to longer stays. {4.3.3}

B.32 Winter tourism based on snow and ice sports will be 
severely affected by shortened ski seasons and deteriorat-
ing snow-making conditions (high confidence). Without 
adaptation and transition to snow-independent tourism, 
this could lead to significant economic losses and unem-
ployment in regions with high climate risks (medium evi-
dence, high agreement). Job losses in regions dependent on 
winter tourism could increase commuting and out-migra-
tion. {7.4.2, Table TS.1}

B.33 Summer tourism in mountain areas may benefit 
from more pleasant temperatures compared to the low-
lands and urban areas, but risks and costs from natural 
hazards for hikers and the hiking infrastructure are likely 
to increase (medium evidence, high agreement). The main-
tenance of hiking and climbing infrastructure is currently 
mainly provided by Alpine NGOs. If increasing costs for 
maintenance cannot be handled by NGOs anymore, other 
stakeholders such as destination management organizations 
or regional governments are required to step in to prevent 
a decline in the high quality and reliability of summer tour-
ism. {7.4.2}

B.34 Compound weather events increase the risk of pow-
er shortages (high confidence). Compound weather events 
like European-wide cold spells and low stream discharge 
strain Austria’s electrified, renewables-focused energy sys-
tem, causing power shortages. Fluctuations in demand and 
supply can destabilize the electricity grid, with increasing 
summer cooling needs exacerbating the situation. Adapta-
tions include enhancing European energy interconnections, 
reducing energy demand, diversifying energy sources, and 
boosting backup capacities to mitigate economic losses and 
maintain grid stability. {4.5.2, Table TS.1}

B.35 Increasing risk to energy system infrastructure lim-
its Austria’s energy security (high confidence). Increased 
electrification faces increased risks from climate-related ex-
treme events, threatening energy security in Austria. Poten-
tial impacts include damage to energy generation and trans-
mission infrastructure, disrupting supply to households, 
industries, and infrastructure. Adaptation measures include 
resilient infrastructure design, diversified energy sources, 
enhanced European energy system interconnections, decen-
tralized energy solutions, and climate-adapted grid planning 
to mitigate cascading disruptions. {4.5.2, Table TS.1}

B.36 Climate change has a negative impact on the condi-
tion and availability of transportation infrastructure in Al-
pine regions (high confidence). An increasing frequency of 
high temperatures can cause physical deterioration of traffic 
infrastructure, including railway tracks and road tarmac. 
This phenomenon is particularly prevalent in mountain-
ous regions, especially in tight bends, leading to (thermal) 
overload of the infrastructure. This is exacerbated by the 
increase in heavy goods traffic, growth of tourism and local 
travel. Congestion increases due to the limited availability of 
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alternative routes in mountainous areas and emissions in-
crease significantly as a result. Adaptation can be achieved 
by shifting transit and holiday traffic to rail, for example 
by robust accompanying planning and policy measures for 
the Brenner Base Tunnel, making public transport more at-
tractive, improving services for carless travel, and reducing 
traffic-related pollutant emissions through alternative drive 
systems. {7.4.3}

B.37 Adapting Austria’s transport infrastructure to cli-
mate change requires urgent updates to legal standards 
and regulatory frameworks to ensure resilience and func-
tionality over its long life cycle (high confidence). To en-
sure long-term resilience, Austria’s transport infrastructure 
must account for increasing climate impacts, such as ex-
treme weather events, floods, and temperature fluctuations. 
Current regulations and legal standards fail to adequately 
address these risks, leaving critical assets vulnerable. The 
second progress report on the Austrian Strategy for Adap-
tation to Climate Change (BMK, 2021) highlights the acute 
need for action, as experts have unanimously rated the ad-
aptation of legal standards for transport infrastructure as in-
sufficient. Infrastructure constructed today has operational 
lifetimes extending well beyond 2100, yet existing policies 
do not account for such long-term horizons in general and 
under changing climatic conditions, leaving critical gaps in 
resilience planning. {3.4.4, 7.4.3}

B.38 Infrastructure networks and natural hazard protec-
tions need to be climate-proofed (medium evidence, high 
agreement). Current structural measures focus on mitigat-
ing current risks rather than addressing long-term trans-
formative adaptation (e.g., systemic updates to design stan-
dards). Structural adaptation measures and their upgrades 
that can withstand long-term climate risks hold critical im-
portance for enhanced risk reduction. Key initiatives include 
retrofitting transportation infrastructure, strengthening 
protection against natural hazards, and integrating climate 
considerations into spatial planning and construction regu-
lations. To prevent maladaptation and ensure sustainability, 
the implementation of these measures should be guided by 
detailed cost-benefit analyses and robust monitoring frame-
works, and construction methods should minimize carbon 
footprints. These strategies are vital to balancing immediate 
adaptation needs with long-term environmental and eco-
nomic sustainability. {3.2.3, 3.3.3, 7.5.4}

B.39 Enhancing climate resilience in Austria’s built en-
vironment requires adaptive measures to be integrated 
into planning, design, and regulatory frameworks (high 
confidence). Adapting to climate change in Austria’s built 
environment would entail enhanced prioritization of resil-
ient water management, greening initiatives for cooling and 
water retention, protection from natural hazards through 
retrofitting, hazard mapping in land-use planning, manda-
tory insurance schemes for households, and compact urban 
development. Robust early warning systems and better com-
munication are essential for preparedness. Integration of cli-
mate considerations into design guidelines and standards, 
including adaptable building codes and infrastructure regu-
lations, is crucial. {3.2.3, 3.3.3, 3.4.4, 7.5.4}

Health and human well-being

B.40 Human health is highly dependent on functioning 
provisioning systems, including global supply chains, local 
infrastructure, and ecosystem services. These are threat-
ened by ongoing climate change (medium evidence, high 
agreement). Both ongoing long-term changes and acute ex-
treme events can have long-lasting negative consequences 
for physical and mental health and social well-being. Pres-
sures from climate change elsewhere in the world could af-
fect health and the health care system in Austria. Chronic 
effects, especially on mental health, of extreme events and 
climate change have been documented elsewhere but are 
still heavily understudied in Austria. The interplay between 
ecosystems and human health, together with animal health, 
is an important aspect of One Health. {2.2, 2.3, Cross-Chap-
ter Box 2}

B.41 Adverse effects on the health of the Austrian pop-
ulation due to climate change are visible already, and 
these effects are expected to increase as climate change 
continues. In particular, extreme weather events such 
as heatwaves pose serious health threats including pre-
mature death, but also non-fatal disease, and reduced 
well-being and productivity (high confidence). Increas-
ing heatwaves and tropical nights in Austria, particularly 
in urban areas, pose significant health risks, increasing 
heat-related morbidity and mortality, and decreasing qual-
ity of life and labor productivity. Vulnerable groups in-
clude outdoor workers, the elderly, and those with low so-
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cio-economic status. Demographic developments overlay 
and locally amplify the warming effects (see Figure TS.7 
and Figure TS.9). Adaptation measures include increasing 
green spaces, improving building quality, and adjusting 

work schedules. Soft limits of adaptation for certain pop-
ulation groups, i.e., those who do not have the means to 
adapt, might be reached. {3.2, 4.4.3, Cross-Chapter Box 2, 
Figure TS.9, Table TS.1}

Hot days: past and future scenarios
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Figure TS.9 | Annual average number of 
hot days (maximum daily temperature 
exceeding 30°C) in the nine provincial 
capitals, observed over past climate 
normal periods and projected for two 
different climate scenarios at the end of 
the 21st century: A low emissions scenario 
leading to a Global Warming Level (GWL) of 
2.0°C and a high emissions scenario lead-
ing to a GWL of 4.0°C (GeoSphere Austria, 
2022).
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C.	 Mitigation

Austria needs to rapidly reduce its greenhouse gas emissions 
and enhance negative emissions to reach net-zero greenhouse 
gas emissions in the next two decades. Mitigation options are 
available across all sectors including the energy system, build-
ings, mobility, industry, and the land-use sector. Electrifica-
tion, especially in the transport, building, and industry sectors, 
along with investment in renewable energy capacity, are key 
mitigation strategies for the transformation to phase out fossil 
fuels. The transformation will also require changes in provi-
sioning systems and behavior. Negative-emissions strategies 
like land-based carbon dioxide removal (CDR) and carbon 
capture, utilization, and storage (CCUS) can offset residual 
emissions in hard-to-abate sectors.

Key characteristics and requirements 
for the transition

C.1 Immediate actions that help in overcoming the inertia 
in key sectors are needed in Austria to achieve 2030 cli-
mate policy targets and to reach net-zero greenhouse gas 
emissions within the next two decades (high confidence). 
Current and planned policies in Austria are not sufficient 
to achieve the 2030 climate policy targets imposed by EU 
regulation. Beyond the recently amended EU Effort Sharing 
Regulation, comprising smaller GHG emitters that are not 
controlled by the EU Emissions Trading System, urgent ad-
ditional action is required to reduce GHG emissions specif-
ically in the transport and building sectors. The urgent im-
plementation of more far-reaching mitigation measures in 
all sectors is, however, also necessary for achieving Austria’s 
long-term GHG commitments. All assessed mitigation sce-
narios show similar trends concerning demand reduction 
and the uptake of renewable energies until 2030. This helps 
in overcoming the inertia in the energy system as well as 
in other provisioning systems (mobility, housing, food, etc.). 
{8.4.2, 8.4.3, Figure TS.4}

C.2 Several mitigation pathways are available to reach 
net-zero greenhouse gas emissions by 2040 (medium ev-
idence, high agreement). In net-zero pathways, the infra-
structure required for energy storage, grids, and public 
transport differs from the current infrastructure, implying 
the need for swift and determined decisions today so that the 
necessary infrastructure is available in time given the sub-

stantial construction time for energy and rail infrastructure. 
Second, differences in energy service demand and industrial 
output cause a large range of primary energy use [205–260 
TWh] across the scenarios, pointing to the importance of 
demand-side measures. Third, import dependency of gross 
domestic energy consumption varies [19–30  %]. Fourth, 
wind power and solar PV build the backbone of the power 
sector in all scenarios to satisfy demand, but the respective 
shares differ [wind: 13–21 %; PV: 8–20 % of gross domestic 
consumption]. Fifth, biomass remains a highly important 
resource in the energy sector, however, to varying degrees 
[ranging from 20–28  % of gross domestic consumption]. 
{4.4, 4.5, Figure TS.4}

C.3 Achieving net-zero greenhouse gas emissions and re-
silient provisioning systems requires changes at multiple 
levels: end-use technologies, infrastructures underpinning 
everyday lives, and local provisioning systems that shape 
people’s modes of living (high confidence). Important de-
carbonization technologies such as electric vehicles and 
heat pumps increase demand for electricity and critical raw 
materials, which need to be compensated for by energy and 
material efficiency measures that reduce both the volume of 
material stocks in use and their energy requirements (high 
confidence). This aids decarbonization across all sectors, re-
duces dependencies on critical raw materials, reduces land 
demand, and meets the government’s circular economy tar-
gets (medium evidence, high agreement). {4.2.3}

C.4 Phasing out fossil fuels in industry and manufactur-
ing requires an integrated and coordinated economy-wide 
strategy, as individual incremental improvements are in-
sufficient (high confidence). Next to sufficiency measures 
(avoid), key levers are fuel switching (shift), energy/material 
efficiency and carbon capture (improve). These changes are 
associated with new investments and risks, while other ma-
jor challenges are sufficient renewable energy supply and re-
structured global value chains (medium confidence). {4.4.4}

C.5 A needs-oriented circular economy provides multiple 
benefits by focusing on reducing energy and material use 
through optimized space and building use, improved spa-
tial planning that halts urban sprawl, shifting motorized 
private transport to public and active modes of transport, 
sharing, eco-design, enhancing longevity, reuse, and repair 
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(high confidence). Shifting from material-intensive process-
es of production and consumption to services (e.g., rental, 
sharing) can avoid rebound effects and increase value-added 
and employment (medium confidence). The provisioning of 
goods and services can thereby become significantly more 
climate-friendly and climate-resilient while maintaining 
high levels of service quality and well-being (high confi-
dence). {4.2.2}

C.6 The energy requirement to provide ‘decent living stan-
dards’ (DLS) for all citizens in Austria implies an average 
final energy demand per person and year of 32 GJ (medi-
um confidence). These standards include shelter of proper 

quality and temperature, sufficient mobility, the right quali-
ty and quantity of food, education, participation, and health 
services. This value falls at the upper end of the international 
range (9–36 GJ per person, per year) and is equivalent to 
15–30 % of the current total domestic energy consumption. 
Austria has the leverage to reduce emissions by adopting 
technology and reducing inequality (high confidence), while 
maintaining service levels and reducing the emission foot-
print. Policies, regulations, and technology standards aimed 
at lowering rebound effects from technology adoption and 
promoting digitalization to support the transition to the cir-
cular economy could enable stronger CO₂ mitigation objec-
tives (medium confidence). {5.2.1, 5.2.2, 5.3.4, 5.5}

Table TS.3 | Estimated health gains from selected mitigation measures (APCC, 2018; Weisz et al., 2020).
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C.7 Local mitigation measures, while benefiting the cli-
mate globally, can also exert remarkable beneficial effects 
on public health locally, e.g., regarding healthy diets or 
sustainable (pollution-free) modes of transport (high con-
fidence). Nevertheless, poor implementation of measures 
(both mitigation and adaptation) could also have negative 
effects on health. Evaluating measures from a health per-
spective (health in all policies concept) makes it possible to 
avoid such implementation failures. {Cross-Chapter Box 2, 
Table TS.3}

Energy systems

C.8 A carbon-neutral and climate-resilient energy system 
is electrified, based on high shares of renewables, and is 
prepared for climate change impacts to maintain system 
security (medium evidence, high agreement). A future car-
bon-neutral energy system will show significantly higher 
shares of electricity in end use and larger shares of renew-
ables. Many different technological mixes make it possible 
to reach carbon neutrality, e.g., focusing on wind power or 
on solar PV or allowing for higher shares of carbon capture 
and storage versus using green hydrogen (medium evidence, 
high agreement). Systems with high shares of wind and/or 
solar PV will have a higher degree of exposure and vulner-
ability to weather-related variability and hazards (limited 
evidence, medium agreement). Energy system design there-
fore has to consider weather variability as well as long-term 
climate trends and associated impacts to reduce future risks 
(limited evidence, medium agreement). {4.5.2, Figure TS.4, 
Figure TS.10, Figure TS.11}

C.9 All assessed scenarios that achieve net-zero green-
house gas emissions of the energy system share key tech-
nological characteristics – but show differences in the 
technology uptake by 2040 and beyond (medium evidence, 
high agreement). A common feature across scenarios is in-
creased electrification, ranging from 29 % to 76 % by 2040 
compared to 2021, alongside a high share of renewables in 
gross domestic consumption. Wind and solar PV form the 
backbone of electricity supply in all scenarios for meeting 
the growing demand. Biomass and hydropower are addi-
tional key technology options, though their expansion po-
tential is limited. Renewable gases, such as hydrogen, bio-
methane, and synthetic fuels, play a role in decarbonizing 
industrial processes, certain transport modes (air and ship), 
and, to a limited extent, the electricity sector. Their deploy-

ment by 2040 varies across assessed scenarios, ranging from 
106 to 322 PJ/year. Carbon capture, utilization, and storage 
(CCUS) appears necessary to counterbalance residual emis-
sions, specifically in industry, due to the absence of other 
viable technological mitigation options. Alternatively, suffi-
ciency measures may also help in mitigating residual emis-
sions in other sectors like agriculture. According to assessed 
scenarios, Austria’s energy supply continues to rely on im-
ports, particularly for hydrogen, ranging from 8 % to 36 % of 
gross domestic consumption by 2040. This marks a signifi-
cant decline compared to today’s import dependency, which 
ranges from 52  % to 75  %. {8.4.3, Figure 8.6, Figure 8.11, 
Figure 8.12, Figure TS.10}

C.10 Net costs of transitioning to a carbon-neutral ener-
gy system are low to negative (limited evidence, medium 
agreement), most necessary technologies are available, and 
there are, in principle, sufficient land resources for most 
pathways to successfully transition to a carbon-neutral en-
ergy system (medium confidence). Major obstacles in terms 
of infrastructure expansion including flexibility options to 
balance intermittent renewable supply and coupling energy 
demanding sectors, policy design, acceptance of technolo-
gies, and supply-chain bottlenecks need to be overcome to 
put the carbon-neutral energy system in place (medium ev-
idence, high agreement). In all scenarios, import dependen-
cy on energy carriers is reduced, but reductions vary and 
depend on assumptions about the development of energy 
demand, in particular in the industrial sector, on assump-
tions about domestic renewable energy potentials, and on 
the expansion of fossil fuels with carbon capture and storage. 
{4.5.3, Figure TS.11}

C.11 Technologies are available to achieve net-zero green-
house gas emissions by 2040 in an economically feasible 
way for most sectors, if unprecedented rates of change in 
the evolution of the Austrian energy system and infrastruc-
ture are realized – along with significant transformations 
in the associated institutional, regulatory, and legal frame-
works (high confidence). Because current and planned poli-
cies fail to achieve this target, reducing final energy demand 
through efficiency improvements and changes in service de-
mand is indispensable. The extent of the required demand 
reduction varies across assessed scenarios, ranging from 
-8 % to -36 % by 2040 compared to 2021 levels. Strong dif-
ferences are therefore applicable in final energy demand for 
transport and industry. {8.4.2, Figure 8.6, Figure 8.9, Figure 
8.10, Figure 8.14, Figure 8.16, Figure TS.10, Figure TS.11}

https://aar2.ccca.ac.at/chapters/2
https://aar2.ccca.ac.at/chapters/4
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/4
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8
https://aar2.ccca.ac.at/chapters/8


Technical Summary (TS)� AAR2

26

Figure TS.10 | Scenarios of Austrian CO2 emissions and energy use by source across scenarios. CO2 emissions related to energy use (panel a), final 
energy consumption by energy source (panels b and c) and electricity use by source (panels d and e) in quantitative, model-based scenarios (Schmidt 
et al., 2025; Steininger et al., 2024; Umweltbundesamt, 2024a, 2024b).
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Figure TS.11 | Lower and upper bound of the potentials and related costs of individual mitigation options. Estimation of optimistic and conserva-
tive emission reduction potentials until 2040. The potentials for relevant measures are categorized according to the costs based on the equivalent CO2 
price that would be necessary to make a measure competitive in comparison to a reference technology (see TS Method Box 3).
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Method Box 3: Assessment of costs and potentials

The assessment of mitigation options considers potentials that can be realized until 2040 and related costs expressed as 
the equivalent carbon price that would make this option cost-competitive. These costs reflect the current perspective 
including a forward-looking component and represent additional costs in comparison to a conventional (fossil-based) 
reference option that reflects current practice in the respective field. Underlying data generally relies on literature, partly 
complemented by expert judgments. The uncertainty and, consequently, large bandwidth applicable in the data on both 
potentials and costs caused the expression as lower and upper bounds. Because of the methodology applied for assessing 
costs and potentials, the mitigation potentials of different options should not be added up, due to possible interactions 
between individual options.

C.12 Costs and potentials of mitigation options indicate 
that electrification, paired with the decarbonization of the 
electricity supply, as well as demand-side reduction mea-
sures are key for Austria to achieve carbon neutrality in 
2040 (medium evidence, high agreement). Among the as-
sessed mitigation options, electrification of the transport, 
industry, and building sectors offers a significant GHG 
reduction potential, provided it is accompanied by decar-
bonizing the electricity sector through renewable energy 
sources (high confidence). It is also necessary to reduce final 
energy demand and directly cut GHG emissions, though the 
potential of these measures has only been partially assessed 
for Austria (high confidence). {8.3.2, Figure TS.11}

C.13 Unabated fossil liquid fuels and gases are partly sub-
stituted by varying amounts of biogenic, synthetic, and 
fossil fuels with CCS in 2040 in all scenarios (medium ev-
idence, high agreement). While electrification is the most 
cost-effective mitigation technology in many applications, 
there is still an extensive need for carbon-neutral fuels and 
gases in 2040. Their use ranges from 88 to 143 TWh in 2040. 
These fuels and gases are provided as green hydrogen or 
synthetic fuels and gases, as biomass, biogas, and biofuels, 
or as fossil fuels with carbon capture and storage. To satisfy 
the demand, ambitious levels of both domestic production 
and imports will be required. These fuels are mostly used in 
industry (39–63 % of all liquid fuel and gas use), in transport 
(9–37 %), for heating in households (13–21 %), and in pow-
er generation and district heating (4–23 %). A high share of 
liquid fuel use in the transport sector only materializes in 
one scenario, where electrification of land transport is de-
layed. Otherwise, the share remains below 14 % in all sce-
narios, indicating that the phase-out of combustion engines 

in the land transport sector is crucial if climate neutrality is 
going to be attained rapidly. {4.4, 4.5}

Buildings and mobility

C.14 Electrification of buildings and road transport – with 
heat pumps and electric vehicles being pivotal – will lead 
to a dominant role for electricity as the main source of en-
ergy in both sectors (high confidence). Supporting policies, 
regulations, and infrastructure investments are expected to 
accelerate this transition. {3.3.1, 3.4.2, 3.4.3}

C.15 A combination of ‘pull’ and ‘push’ measures provides 
the most effective strategy for decarbonizing transport 
and housing. Push measures, including higher fuel taxes 
or bans on fossil-fuel-based heating systems, are essential 
for creating disincentives for carbon-intensive choices. 
Pull measures – such as affordable public transport, im-
proved cycling infrastructure, and incentives for building 
renovations or switching from fossil-fuel heating to renew-
able alternatives – further encourage behavioral change by 
improving the attractiveness of low-carbon choices. Pull 
measures can also help in improving the public accept-
ability of push measures, in particular by mitigating po-
tential negative distributional impacts of push measures 
(medium confidence). Aligned with the ASI (Avoid-Shift-
Improve) framework, these measures can reduce demand 
for emission-intensive activities and construction (avoid), 
promote sustainable alternatives like public transport and 
heat pumps (shift), and improve efficiency through tech-
nological advances, such as electric vehicles, deep building 
retrofits, circular design, and the utilization of low-emission 
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materials – while considering embedded life cycle impacts 
(improve). {3.3.1, 3.3.2, 3.3.3, 3.4.2, 3.4.3, Cross-Chapter 
Box 4}

C.16 The main pathways for further reduction of build-
ing-sector GHG emissions include replacing oil and gas 
burners with renewable energy driven systems, imple-
menting air-heat recovery in mechanical ventilation sys-
tems, retrofitting buildings by further improving insula-
tion levels, adopting circular design principles and using 
low-emission construction materials – while considering 
embedded environmental impacts across their entire life 
cycle (high confidence). The main uncertain countervailing 
factors stem from potential population growth – according 
to official Austrian projections – and a potential shortage of 
installers qualified to deploy transition technologies based 
on renewables. Climate change is projected to decrease heat-
ing and moderately increase cooling demand in buildings, 
reducing net energy consumption and increasing the need 
for combined heating and cooling systems (adaptation). 
{3.3.1, 3.3.2}

C.17 Greenhouse gas emissions from constructing, main-
taining, and renovating buildings and infrastructure pres-
ent a major challenge (high confidence). Key levers to drive 
reductions are revised building codes, infrastructure reg-
ulations (e.g., minimum parking requirements) as well as 
tendering and procurement policies that take embedded 
emissions and circular design approaches into account 
(medium confidence). {3.3.1, 3.3.2, 3.3.3, 3.4.4}

C.18 An expected increasing demand for freight transport, 
combined with limited potential for rail modal shifts, and 
continued limited availability of competitive low-carbon 
trucking alternatives hinder the achievement of full trans-
port sector decarbonization by 2040 (medium evidence, 
high agreement). {3.4.1, 3.4.3}

C.19 Reduced dependency on motorized transport yields 
multiple co-benefits and positive spillover effects: Reduced 
energy and resource demand for the production and recy-
cling of vehicles, improved traffic safety, less noise and lo-
cal pollution, higher-quality public spaces due to parking 
and road space being freed up for alternative usage (e.g., 
green space), and better health through active mobility up-
take (high confidence). {3.4.1, 3.4.2, 3.4.3}

Economy and industry

C.20 Technological options (e.g., electrification, the use 
of synthetic fuels, carbon capture, utilization, and storage 
(CCUS), and biomass) are available to enable a transition to 
net-zero CO2 emissions in Austria’s industry and manufac-
turing sector, but key technologies such as hydrogen-based 
steelmaking and the integration of CCUS need further 
research and development (high confidence). In particu-
lar, future industrial systems will heavily rely on the direct 
use of electricity, and additionally on electricity-based fuels 
such as green hydrogen. Thus, the short-term availability of 
zero-carbon electricity is key to avoid shifting emissions to 
the energy sector. When keeping current production output 
constant, electricity demand for direct use in emission-inten-
sive industries will more than double in scenarios that reach 
carbon neutrality (high confidence). {4.4.2, 4.6}

C.21 Achieving net-zero CO₂ emissions by 2040 in the en-
ergy system requires additional annual investments in the 
range of EUR2024 6.4 billion to EUR2024 11.2 billion, corre-
sponding to between 1.1 % and 1.9 % of average projected 
annual GDP (estimates from 2024). These investments are 
expected to have substantial positive impacts on employ-
ment and income, and overall economic welfare (medium 
confidence). Additional investments in the energy system 
(generation, transmission and storage) and other sectors in-
cluding buildings, transport and industry can serve as driv-
ers of production and creators of green jobs. {8.4.4, Figures 
8.16–8.18, Table 8.1}

C.22 There are already numerous good examples of cir-
cular economy practices by citizens and businesses alike 
(high confidence). These are, however, often not evaluated 
based on their effectiveness in reducing emissions (medium 
evidence, high agreement). Firms can be agents of change to 
support the net-zero transition. Austrian firms are already 
investing substantial funds to adapt to the negative effects of 
climate change and are making efforts to decouple their pro-
ductivity from emissions. Greenwashing and other forms of 
information asymmetries undermine consumer efforts to 
shift consumption patterns in accordance with their pro-en-
vironmental preferences. Measures aimed at improving in-
formation for consumers and reducing exploitative practices 
by firms could enhance the share of climate-friendly prod-
ucts in the economy. Circular economy approaches promote 
change at the systems level, where consumers have a role to 
play, but where they can only achieve major results if reg-
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ulations, material and ICT infrastructures support them 
(high confidence). Similarly, implementing circular economy 
solutions requires strong business solutions that drive this 
change (limited evidence, high agreement). {5.4.1, 5.4.4, 5.5}

C.23 Implementing mitigation measures along the entire 
value chain, including production, processing, trade and 
consumption, is crucial to avoid leakage (spillover) (high 
confidence). Shifting emissions and environmental pres-
sures to other regions through increased imports and ex-
ports negates any climate benefit, but trade measures can 
mitigate carbon leakage, including mandatory due diligence, 
bans, quotas, and tariffs on emission-intensive products, 
carbon border adjustment mechanisms, carding systems for 
exporting countries, transparency and traceability systems, 
and support for capacity building in producing countries. 
Research gaps exist for mitigation strategies that consider 
the entire supply chain, encompassing more than emissions 
from production. {2.1.1, 2.3.2, 2.3.3, A2.9, A2.11}

C.24 A transition to a climate-friendly society will reduce 
emissions directly related to paid employment and unpaid 
care (limited evidence, high agreement). The greening and 
sharing of paid employment and unpaid care will ensure a 
high quality of life, good work and climate-friendly living, 
work-life balance, and adequate provisioning of care (me-
dium confidence). Under the current business-as-usual sce-
nario, work will be severely affected by impacts of climate 
change, requiring sectoral shifts toward the provisioning of 
basic goods such as health, care, food, and housing (limited 
evidence, medium agreement). {4.7.2}

C.25 Work – including unpaid care and paid employ-
ment – dominates daily life in Austria, and the structural 
dependence of persons and welfare systems on paid work 
currently tends to impede climate-neutral provisioning as 
well as climate-friendly living (high confidence). Highly 
productive, energy-intensive work is well-paid and structur-
ally linked to energy-light, unpaid or low-paid, very essen-
tial work that is not highly productive (including care) (lim-
ited evidence, medium agreement). The work-mode of living 
poses a structural barrier to climate-friendly mobility, food, 
housing and leisure, and encourages energy- and fossil-fuel-
intensive practices (medium confidence). {4.7.1}

C.26 The current provisioning of goods and services 
drives high energy and material demand, contributing to 
domestic and upstream greenhouse gas emissions (high 

confidence). The Austrian economy rests on growing infra-
structure and building stocks to provide services in trans-
port, housing, communication, and finance. Continued ac-
cumulation of infrastructures and buildings and increased 
service and activity levels have largely offset technological 
efficiency gains and structural shifts to a service economy. 
{4.2.1}

Land use, forestry, and agriculture

C.27 Tapping far-reaching mitigation potentials in agri-
culture and forestry requires avoiding the extraction and 
consumption of biomass (high confidence). Ambitious mit-
igation will require far-reaching measures with substantial 
costs, involving trade-offs and structural disruptions, such 
as loss of livelihoods for farmers or the need to deal with 
spillover effects (high confidence). Shifting toward healthy, 
plant-based diets shows mitigation potentials of 5.0 to 
15.4  MtCO₂-eq/year, when agricultural production can be 
restructured to reduce agricultural emissions and increase 
sinks through afforestation on freed agricultural land (me-
dium confidence). Halving food waste may reduce emissions 
by 2.1 to 4.7 MtCO₂-eq/year (medium confidence). Prioritiz-
ing long-lived harvested wood products over energy shows 
mitigation potentials of 0.1 to 0.5 MtCO₂-eq/year (low con-
fidence). Contrasting two scenarios shows an annual average 
wood harvest of growing stock (‘Vorratsfestmeter’, Vfm) of 
25 million m3/year (harvested timber (‘Erntefestmeter’, Efm) 
of 15 million m3/year). This will yield a mitigation poten-
tial of 7 to 8.4 MtCO₂-eq/year until 2150 compared to wood 
harvest levels of 30 million Vfm/year (25 million Efm/year). 
Current harvest levels (2016 – 2022) are 25 million Vfm/year 
(20 million Efm/year). To which extent the realization of all 
these potentials is constrained by climate change induced 
disturbances (e.g., increases in windthrows, insect infesta-
tions, vegetation fires) remains a research gap. {2.3.2, 2.3.3, 
Chapter Box 2.2, Figure TS.11}

C.28 Technical and management measures in agriculture 
and forestry can reduce greenhouse gas emissions and in-
crease sinks but their mitigation potential is limited (high 
confidence). Compared to a reference scenario, measures in 
agricultural management (e.g., increasing soil organic car-
bon, reducing emissions from agricultural inputs, optimiz-
ing livestock farming) show mitigation potentials of 0.4 to 
2.5 MtCO₂-eq/year (medium confidence). Adaptive forest 
management like changing tree species shows a mitigation 
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potential of up to 1.9 MtCO₂-eq/year (low confidence), cal-
culated over 2020–2150. This potential only materializes 
under high global warming levels (between GWL 4.0°C and 
GWL 5.0°C) and primarily beyond 2080. {2.3, Figure TS.12}

C.29 Compact urban development and densification can 
be achieved by improved utilization of existing planning 
instruments and the development of strong multi-level 
governance and coordination (high confidence). Challeng-
es include urban heat island (UHI) effects, preferences for 
single-family homes and car ownership. Addressing deeply 
ingrained lifestyles – rooted in prevailing social norms and 
perceived convenience – is a crucial challenge for advancing 
decarbonization in the housing and transport sector. {3.2, 
3.4.2}

C.30 Sustainable cities, villages, and settlements feature 
short distances to work, leisure, schools, and daily necessi-
ties as well as appropriate infrastructure for diverse modes 

Figure TS.12 | Overview of mitigation potentials of transformations in the Austrian land use systems. Detailed mitigation potentials of each con-
sidered study are listed in 2.A.16.

of active mobility. Settlement areas offer large potential for 
greenhouse gas emissions reductions, with urban house-
holds emitting about half to a third of suburban ones. 
This is due to smaller physical footprints, shorter distanc-
es traveled, and lower car dependency (high confidence). 
‘Urban’ and ‘rural’ here align along a continuum, with con-
tinued suburbanization representing the most direct climate 
policy challenge. This points to the need to avoid green-field 
development in favor of maintaining and fostering compact 
settlements. {3.2, 3.4.2}

Final demand and behavior

C.31 Behavioral, lifestyle, and consumption changes not 
regulated under the EU ETS will likely entail stronger EU-
wide reductions in emissions in the short run than chang-
es covered under these regulations (high confidence). Thus, 
focusing on goals such as reducing the use of fossil fuels in 
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home heating systems, making dietary changes, and altering 
land use has a stronger short-term potential for emission 
reduction than tackling topics regulated by the ETS (e.g., 
switching to green energy providers, reducing flights within 
the EU). Once the EU ETS 2 becomes binding, equivalent 
comments can be made for emissions under that second car-
bon market within the EU. {5.1}

C.32 Policy and infrastructure changes (e.g., expanding 
public transport infrastructure) as well as cultural, behav
ioral, and normative changes (e.g., facilitating and nudging 
emission-saving practices by building walkable neighbor-
hoods) can reduce emissions by reducing service demand 
(high confidence). Reductions in service demand through 
lifestyle changes face barriers due to existing infrastructure 
(e.g., lack of good public transport options), economic dis-
incentives (e.g., subsidies for high-emissions products and 
services), and social norms (e.g., energy intensive goods 

such as big cars or big living spaces socially rewarded as 
status goods). {3.4.2, 5.3.1, 5.3.2, 5.3.3, 8.5.4, 8.6.1, Figure 
TS.13}

C.33 For tourism, a shift to public transport and greening 
destination transport systems are key in mitigating emis-
sions (high confidence). The largest share (75 %) of global 
total tourism induced GHG emissions is generated by trans-
port to, from and at the destination (mostly by air and by 
road) (high confidence). In Austria too, the single most im-
portant economic activity causing emissions generated by 
tourism is personal transport, which makes up 92.2 % of the 
sector’s GHG emissions (medium confidence). Consequently, 
a higher share of transport to and from as well as at the des-
tination must be carried out by train and bus and, as public 
transport capacities are limited, in particular in sub-urban 
and rural regions, by low-emission or zero-emission private 
vehicles. {4.3.4}

Figure TS.13 | Areas of social tipping with 
the potential to drive a rapid transition 
to net zero in the Austrian human society 
based on Nabernegg and Otto (2025). 
The processes they represent unfold across 
levels of social structure on widely different 
timescales (Williamson, 1998; Otto et al., 
2020), ranging from the fast dynamics of 
market exchanges and resource flows on 
sub-annual timescales to the slow decadal- 
to centennial-scale changes on the level of 
customs, values, and social norms. Confi-
dence that the described phenomenon is 
a social tipping area is indicated by (+++) 
high confidence (>4.5 out of 6), (++) medi-
um confidence (3.0–4.5 out of 6).
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Negative-emission strategies

C.34 During the transition to a climate-neutral society, 
especially regarding hard-to-abate emissions, carbon cap-
ture, utilization, and storage (CCUS) will play a crucial role 
in decarbonizing the Austrian economy (high confidence). 
CCUS can enable emission-critical industries in Austria to 
achieve CO₂ reduction goals. This is ensured by a national and 
European transportation network of CO₂ sources and sinks. 
Combined with bioenergy and direct air capture, geological 
CO₂ storage can substantially contribute to the achievement 
of negative emissions (medium confidence). Mineral carbon-
ation and closed CO₂ utilization loops can contribute to the 
CO₂ reduction goals in the transition to climate neutrality 
(medium confidence). CCUS is energy- and water-intensive 
and puts pressure on the supply systems. {4.6.2, Table TS.4}

C.35 Carbon capture, utilization, and storage (CCUS) 
technology chains are mature and can be employed to 
bind CO₂ and thus prevent the release of emissions into 
the atmosphere (high confidence). CCUS refers to technol-
ogy chains for reducing CO₂ emissions on a relevant scale 
through geological storage underground or through utiliza-
tion in industrial processes and products. While geological 
CO₂ storage (CCS) is a large-scale and permanent-reduction 
option, CO₂ utilization (CCU) is limited by demand and fi-
nal product lifetime. {4.6.1}

C.36 To achieve net-zero emissions, residual emissions 
from industrial processes, waste, and agriculture have to 
be balanced by negative emissions from land-based carbon 
dioxide removal (CDR) methods or, in the longer-term, 
by novel but costly CDR measures (high confidence). Re-
sidual emissions from agriculture (4.3 MtCO₂/year), waste 
(1.7  MtCO₂/year), and, depending on the scenario, from 
industrial processes (0–5 MtCO₂/year) will remain (limited 
evidence, medium agreement). For residual emissions in ag-
riculture and waste, uncertainty is higher than indicated by 
the point estimates, as only one scenario explicitly assesses 
these sectors. {Cross-Chapter Box 6}

C.37 CDR options available in Austria include land-based 
biological (i.e., afforestation, reforestation, ecosystem res-
toration, and soil management) and technical processes to 
capture and permanently store CO2, i.e., bioenergy with 
carbon capture and storage (BECCS) and direct air carbon 
capture and storage (DACCS). These options are interde-

pendent and differ in terms of their technical and plausible 
potentials, synergies and trade-offs, and technical readi-
ness levels (medium confidence). The potential of each CDR 
option relies in part on the same energy and area resources, 
so the options should be considered as interdependent. The 
successful implementation of CDR options also depends on 
several external factors, such as technological developments, 
the regulatory framework, public perception, existing land 
use, and energy demand under changing climate conditions. 
{2.3, 4.6, Cross-Chapter Box 6, Table 2.3}

C.38 Net emissions from land use, land-use change, and 
forestry (LULUCF) are the balance of sources and sinks in 
this sector. The sink (i.e., land-based carbon dioxide re-
moval, CDR) can be increased through afforestation, re-
ducing the overall scale of biomass harvest and use, and 
dietary changes. However, increasing the carbon sink has 
trade-offs with the provision of biomass for materials and 
energy use (high confidence). Technical mitigation mea-
sures on agricultural land (e.g., reducing the conversion of 
grassland, fostering hedges) can reduce land-use related 
emissions and increase sinks by 0.1 to 0.4 MtCO2-eq/year 
(medium confidence). Changing the composition of tree 
species in forests in favor of more local and climate resilient 
species could increase the carbon sink in forests by 4.1 to 
4.9 MtCO2-eq/year on average between 2020 and 2150 (low 
confidence). A shift in nutrition and diets toward fewer cal-
ories and more plant-based proteins combined with halving 
food losses would enable afforestation and renaturation of 
agricultural land, yielding an additional carbon sink of 3.0 
to 12.9 MtCO2/year compared to reference scenarios (me-
dium confidence). Reducing the overall harvest and use of 
wood to 15 Mm³/year (25 Mm³/year when including log-
ging residues and natural losses) would increase carbon 
sinks in forests by 9.3 to 11.1 MtCO2/year, compared to a 
reference scenario using 20 Mm³/year of wood (30 Mm³/
year when including logging residues and natural losses), on 
average between 2020 and 2150 (low confidence). {2.3, 8.5.2, 
Cross-Chapter Box 6}

C.39 Climate change mitigation via land-based CDR and 
energy decarbonization could have significant negative 
impacts on biodiversity (medium evidence, high agree-
ment). However, when carefully designed, e.g., via appropri-
ate spatial planning or tree species selection for afforesta-
tion, these measures can also generate a double benefit for 
the intertwined climate and biodiversity crises. {1.6.4}
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Table TS.4 | Assessment of the potential of Carbon Dioxide Removal (CDR) options in Austria. For abbreviations see the list of abbreviations.

https://aar2.ccca.ac.at/abbreviations
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C.40 Huge potential for permanent carbon storage is seen 
in the construction sector with the use of organic con-
struction materials during the use phase of the built envi-
ronment, a carbon uptake at the beginning of the life cycle 
is seen as less mature and efficient, and there are challeng-
es related to certification schemes in buildings and the 
recycling of timber products (medium confidence). {4.6, 
Cross-Chapter Box 6}

C.41 CDR options have several limitations as the avail-
ability of biomass for CDR techniques can cause conflicts 
with other uses for energy, construction purposes, pulp/
paper industry or conservation efforts and long transport 
distances for the energy from biomass have to be expected 
(high confidence). Storage capacities are also related to com-
peting gas-storage requirements and transport capacities for 
hydrogen for iron/steel production and other uses. Carbon 
capture and storage is currently prohibited on Austrian ter-
ritory, except for scientific purposes. {4.6}
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D.	 Governance and society

This section shows that concern about climate change is high, 
but the social acceptability of specific measures varies. Gov-
ernance must be embedded in a wider structural context and 
consider different stakeholders from civil society, firms, and 
the media. Current emissions are strongly correlated to wealth, 
and climate policies should strive to reduce loss of purchasing 
power or asymmetric impacts on employment.

Needs and requirements for effective 
climate governance

D.1 Climate concern and demand for climate action 
in Austria are high. The social acceptability of policies 
strongly determines effective implementation (high confi-
dence). Accompanying measures to alleviate fears of neg-
ative effects (e.g., compensation payments, climate bonus 
(‘Klimabonus’), to alleviate fears of loss in purchasing 
power) as well as genuine societal engagement and co-cre-
ation approaches will yield fairer and more effective mea-
sures (limited evidence, high agreement). These measures 
together are likely to enhance the social acceptability of 
climate policies and remove barriers for changing life-
styles and consumption patterns (medium evidence, high 
agreement). Enabling factors for the transition to a net-
zero economy include defining circular solutions as the de-
fault (positive lock-in), the use of enabling policy systems, 
such as strong information tools (e.g., labels), phasing out 
high-emission technology, and social pressure (medium 
evidence, high agreement). In addition, supporting renew-
able energy technologies, energy efficiency, carbon pricing, 
and similar policy interventions designed to tackle climate 
change risks have uneven societal impacts. This raises the 
challenge of providing structural, long-term approaches 
that prevent any exacerbation of existing social inequalities 
and promote a fair and inclusive energy transition instead 
(medium evidence, high agreement). {5.1, 5.3.4, 5.4, 5.5, 
5.6.3, 8.5.4, 8.6.1}

D.2 Instruments to foster effective mitigation and adapta-
tion measures have not been sufficiently implemented by 
political actors so far (high confidence). The tax system in-
cludes climate-counterproductive subsidies in the range of 
EUR2019 4.1–5.7 billion per year (estimates from 2020), cre-

ating financial incentives to maintain the status quo (limited 
evidence). Powerful economic and political interest groups 
in Austria are obstructing effective climate action and thus 
preventing the full potential of climate governance from be-
ing realized. As a result, an implementation gap has emerged 
– ambitious climate targets exist without sufficient measures 
and instruments in place to achieve them. Implemented 
instruments do not alter existing power relations, growth 
logics, and the dominant mode of production and living. 
This is reflected in the lack of sufficiency-oriented policy 
instruments capable of significantly reducing demand for 
energy, materials, and land. {3.2, 3.4, 6.2, 6.4, 8.4, 8.5, 8.6, 
Table TS.5}

D.3 Rising costs associated with climate inaction are sig-
nificant and will exceed the budgetary costs of effective cli-
mate action (high confidence). Reaching net-zero and ade-
quate adaptation will require considerable investments, with 
the projected benefits exceeding the costs. The additional 
investment required is estimated at between 1.1 % and 1.9 % 
of GDP per year. Public budgets, in terms of both revenue 
and expenditure, are a crucial lever in this process. How-
ever, they are currently underutilized and undermined by 
counterproductive measures such as climate-harmful subsi-
dies. In addition, effective climate action requires the mobi-
lization of private funds to bridge the investment gap. This 
can be achieved by providing adequate standards for green 
finance and reducing the carbon exposure of the economy. 
{6.7}

D.4 Austria will only fulfill its international obligations if 
political goals (e.g., increasing geopolitical security, short-
term competitiveness) account for their climate impacts 
and equity concerns (high confidence). Integrating climate 
policies that transform the provisioning of mobility, hous-
ing, food, health, care, and leisure within broader sustain-
able development policies can help overcome the policy silos 
of mitigation and adaptation. Enlarging the policy space is 
important for planning transformations more effectively. 
Innovative, democratic, and multi-level governance models 
can support climate policy integration to better scale up in-
novations, such as renewable energy expansion, and foster 
exnovations, such as phasing out combustion engines (me-
dium confidence). {6.5.3, 8.3, 8.5, 8.6.1}
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Table TS.5 | Summary table on the status of mitigation policy instruments in Austria. {Table 6.2}
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D.5 The transformation to a net-zero emissions energy 
system can be achieved in Austria by the middle of the cen-
tury due to the availability of the necessary technologies, 
resources, knowledge, and skills (limited evidence, medi-
um agreement). Regulations, technology standards, the ex-
pansion of infrastructure supporting low-carbon lifestyles, 
incentives, and, in some cases, removing disincentives and 
including sanctions are needed to speed up the necessary 
changes and ensure a just and fair transformation process. 
Sharing knowledge about business and civil society forerun-
ners, best-practice examples, and co-benefits for citizens can 
increase public support for the process. {5.6.2, Figure TS.13}

D.6 The development of carbon capture, utilization, and 
storage (CCUS) in Austria requires geological, technolog-
ical, and societal challenges to be addressed (high confi-
dence). Using the geological subsurface for permanent stor-
age requires public acceptance based on relevant informa-
tion and a broad societal consensus. From a technological 
feasibility perspective, it is required that CO₂ emitters and 
sinks are connected by a transport network, geological fields 
are developed while minimizing risks, and innovative solu-
tions for utilizing CO₂ are found that permanently remove 

CO₂. With Austria’s estimated capacity, CCUS can contrib-
ute to national decarbonization on a relevant scale. {4.6.3}

D.7 It is essential to consider the wider structural context 
in which climate governance is embedded when assess-
ing Austrian climate governance (high confidence). To 
enable deep decarbonization, climate policy must address 
the structural context of climate governance, including the 
politico-juridical framework and wider societal (nature) 
relations. Given that such interventions inevitably result in 
winners and losers and may disrupt established routines, 
they meet resistance. Failure to address these transforma-
tion conflicts could lead to backlash against climate action. 
{6.2, 8.5}

D.8 Firms, civil society organizations, and education 
organizations can foster behavioral change toward cli-
mate-friendly lifestyles by providing leadership and im-
plementing change within their organizations (medium 
confidence). For example, collective action can constitute an 
important bottom-up component of both the energy tran-
sition and adaptation efforts at the (local) community level. 
{5.3, 5.4}

Figure TS.14 | Emissions per capita across regions and income groups. Panel (a): Territorial emissions and GHG footprints per capita in 2019 across 
global regions, Austrian provinces, and cities in 2019 (Steininger et al., 2018; Pichler and Steininger, 2019; Stadt Graz, 2022; Umweltbundesamt, 2022; 
Nabernegg et al., 2023). Panel (b): Distribution of GHG footprints per capita across Austrian income deciles and the highest percentile (Theine et al., 
2022; Nabernegg et al., 2023).
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Fairness and ‘just transition’

D.9 Austrian households in the highest income decile 
cause substantially larger emissions than others (medium 
evidence, high agreement). Focusing on income, the top 
20  % of Austrian households emit more than the bottom 
50  %. Energy poverty vulnerability is particularly import-
ant and intertwined with a range of social factors, including 
unemployment, gender inequality, educational attainments, 
ethnicity, housing status, disabilities, and age. Notably, 
women are particularly vulnerable, largely due to factors 
such as the gender pay gap, their lower participation in the 
labor market, and the uneven distribution of caregiving re-
sponsibilities within families (high confidence). {5.2.2, 5.3.4, 
Figure TS.14}

D.10 Just-transition policies should address the asymmet-
ric impacts of climate policy on employment and workers 
across sectors and regions. Furthermore, they must con-
sider the wider inequalities and vulnerabilities exacerbated 
by the transition (high confidence). Just transition as a con-
cept of labor-centric origin remains a point of contention, 
with interpretations spanning from narrow socio-technical 
shifts to comprehensive social-ecological transformation of 
the social relations of production. Nevertheless, the intro-
duction of just-transition policies is crucial to secure public 
acceptance and support for rapid decarbonization. {6.8.1}

D.11 To avoid production with a high emissions profile or 
large resource use and overcome labor supply constraints, 
climate-friendly regulation of labor markets can enable a 
shift from excess production to climate-friendly essential 
domains of provisioning (medium confidence). The re-dis-
tribution of paid work and unpaid care as well as the reloca-
tion of workplaces to people’s living place through economic 
and labor market policies can enable climate friendly work-
life patterns. More equal wealth and income distribution, 

job guarantee, and public provisioning of basic goods (e.g., 
housing, food, and health care) can increase economic se-
curity and thus enable green labor market transformations. 
{4.7.3}

Media and education

D.12 The link between climate change and migration is 
largely overlooked in Austria’s political debate. The link is 
mainly considered relevant when climate change leads to 
increased international migration to Austria (limited evi-
dence, high agreement). The evidence base remains limited, 
revealing ambiguous effects on whether climate change will 
drive increased migration to Europe, with no clear indica-
tion of its specific impacts on Austria. {6.8.2}

D.13 Media representation of climate change has increased 
in Austria since the mid-2000s, with a focus on (negative) 
economic consequences of climate action (limited evidence, 
high agreement). In contrast, several perspectives, such as 
the need for fundamental transformation of the economy 
and society beyond market-based approaches and individ-
ual responsibility, as well as the question of social inequality, 
tend to be underrepresented in media discourse. {6.8.4}

D.14 Education is universally acknowledged as a key in-
strument for achieving all Sustainable Development Goals 
(SDGs), which is particularly true for climate change ed-
ucation and SDG 13 ‘Climate action’ (high confidence). 
Transforming Austria’s education system could amplify its 
potential to support sustainable and climate-friendly living. 
This includes engaging all stages of education, from early 
childhood to lifelong learning, in both formal and informal 
contexts. To maximize the impact of climate education, di-
verse stakeholders need to enhance their roles and efforts 
significantly. {6.8.3}
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E.	 Climate-friendly transformation pathways

This section introduces climate-friendly transformation path-
ways as trajectories for the pursuit of a good life for all within 
planetary boundaries. These pathways integrate mitigation 
and adaptation efforts alongside efficiency and sufficiency 
measures, emphasizing the need for pursuing such goals in 
an integrated manner to foster synergetic potentials and in-
crease effectiveness. Extending the scope of current pathways, 
climate-friendly transformation pathways share key charac-
teristics: They (i) acknowledge that achieving climate targets 
requires coordinated action across all economic sectors and 
all levels of administration, (ii) embrace multi-perspectivity to 
mediate between conflicting claims and worldviews, (iii) en-
sure the everyday benefits of climate action and consider the 
costs of inaction, (iv) apply mixes of policy instruments, and 
(v) strive to increase societal and political support of climate 
action.

Framework conditions for effective 
climate policy integration

E.1 Austria’s remaining carbon budget aligned with glob-
al temperature targets of 1.5 or well below 2°C is close to 

being depleted or already exceeded, especially when con-
sidering different concepts of historical responsibility or 
capability (medium evidence, high agreement). To fulfill its 
international obligations and stay within such limits, it is 
imperative to phase out oil, gas and coal across the economy 
and implement all necessary measures to achieve net-zero 
greenhouse gas emissions as soon as possible. {8.2, 8.4, Fig-
ure 8.18}

E.2 The GHG emission reductions achievable through the 
current policy instruments are insufficient to meet the 
EU legal targets in line with the Paris Agreement climate 
goals (high confidence). International treaties related to cli-
mate protection are not directly binding (‘nicht unmittelbar 
wirksam’) for the legal frameworks for climate protection in 
Austria. Austria’s legally binding GHG emission reduction 
targets are derived from the effort sharing provisions set 
forth in EU legislation. The framework of EU energy and 
environmental law serves as the primary driver for Austrian 
climate law. This is evident in the reluctance of Austrian 
policymakers to implement a Climate Protection Act 
(‘Klimaschutzgesetz’), which would have specified sectoral 
targets for GHG reduction up to 2030 and beyond. {6.3}

Method Box 4: Assessment of the Sustainable Development Goals (SDGs)

The assessment of the synergy and trade-off potential of different mitigation options and the SDGs follows the analysis 
in the IPCC’s Special Report on 1.5°C of Global Warming (Roy et al., 2018). It is based on a review and expert judg-
ment based on the comprehensive global assessment, incorporating the evaluation of sectoral mitigation options in the 
Austrian context. The assessment considered several factors: (a) How mitigation options interact with specific SDGs; 
(b) the magnitude of these interactions using the Nilsson scale; (c) the consistency of evidence; (d) the degree of expert 
agreement; (e) the resulting confidence level; and (f) references relevant to Austria. International spillover effects re-
lated to SDG attainment beyond Austria and trade-offs between national and global SDG targets were not considered. 
Consequently, ocean-related mitigation options such as iron fertilization, blue carbon, and enhanced weathering were 
excluded from the analysis. Additionally, SDGs with limited immediate relevance to the Austrian context – such as SDG 
14 (Life Below Water), SDG 16 (Peace, Justice and Strong Institutions), and SDG 17 (Partnerships for the Goals) – were 
excluded. All climate mitigation options are directly concerned with SDG 13 (Climate Action), so SDG 13 is not dis-
played either. {8.3.1, 8.A.1}
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Figure TS.15 | Indicative linkages between aggregated mitigation options and SDGs. Economic SDGs include SDG 7 (Affordable and Clean Energy), 
SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry, Innovation and Infrastructure) and SDG 11 (Sustainable Cities and Communities). Envi-
ronmental SDGs include SDG 6 (Clean Water and Sanitation), SDG 12 (Responsible Consumption and Production) and SDG 15 (Life on Land). Social 
SDGs include SDG 1 (No Poverty), SDG 2 (Zero Hunger), SDG 3 (Good Health and Well-Being), SDG 4 (Quality Education), SDG 5 (Gender Equality) and 
SDG 10 (Reduced Inequalities). The bar length indicates the respective synergy/trade-off potentials according to the Nilsson scale, which is used to 
assess the interactions between different SDGs. The scale ranges from -3 to +3. Figure based on IPCC (2022, p. 20).

E.3 Current climate policies often remain in a policy silo 
within framework conditions that are insufficient to meet 
the targets set out for Austria (high confidence). For Paris 
Agreement-aligned policymaking at all levels of government, 
it is essential to integrate climate policy comprehensively, 
both vertically (e.g., federalism) and horizontally (e.g., policy 
integration of ministries) across governance bodies. This in-
tegration should equally prioritize climate targets alongside 
fiscal goals like balanced public budgets, economic objec-
tives like competitiveness, and social aims like affordability. 
In addition to mitigation policies, adaptation instruments are 
necessary to offset the negative effects of unavoidable climate 
change impacts. Measures supporting a just transition are 
crucial for the successful implementation of climate policies. 

They can alleviate undesired social hardships and improve 
societal and political acceptance. {6.5, 8.5}

E.4 Mitigating climate change can help to achieve the 
SDGs because in all assessed mitigation scenarios syner-
gy potentials outweigh trade-offs (medium evidence, high 
agreement). Different mitigation options vary in terms of 
their synergy and trade-off potential. Demand-side reduc-
tion options appear more beneficial for the achievement of 
the SDGs compared to supply-side options. However, the 
extent to which synergies or trade-offs are realized, both 
within Austria and beyond, depends on the specific mea-
sures adopted and their implementation strategies. {8.3.1, 
8.4.5, Figure 8.17, Figure TS.15}
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Characteristics of climate-friendly 
transformation pathways

E.5 Climate-friendly transformation pathways integrate 
mitigation and adaptation strategies as well as efficiency 
and sufficiency measures. These pathways thereby draw on 
narratives that highlight the everyday benefits of climate 
action and the costs of inaction (robust evidence, medi-
um agreement). While various pathways exist, they have in 
common that they provide a narrative for societal organiza-
tion and behavior aiming to reduce both direct and indirect 
emissions to achieve climate targets, while simultaneously 
reducing vulnerability to climate change impacts through 
adaptation and enhancing climate resilience. More broadly, 
these pathways aim to ensure a good life for all within plan-
etary boundaries. {8.6.1, 8.6.2, 8.6.3, Table 8.3}

E.6 An important enabler for climate-friendly transforma-
tion pathways is embracing multi-perspectivity, as this facil-
itates the effective mediation between conflicting claims and 
seemingly incompatible worldviews (robust evidence, medi-
um agreement). A broad, multi-perspective understanding of 
climate policy as part of sustainable development facilitates 
climate policy integration and limits the power of incumbent 
vested interests. Increasing societal support is decisive for the 
feasibility of climate actions. A transformation strategy based 
on the integration of multiple perspectives might help to form 
effective coalitions by combining bundles of incremental and 
disruptive measures. While incremental approaches tend to 
be ineffective and may fail to transform unsustainable frame-
work conditions, disruptive change could drive deeper sys-
temic transitions but may be obstructed by established insti-
tutions and vested interests due to a perceived lack of public 
support. {8.6.1, Chapter Box 8.1, Table 8.3, Table TS.6}

Table TS.6 | Overview of inhibitors and enablers of climate-friendly transformations. {Table 8.2}
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E.7 Climate-friendly transformation pathways comprise a 
balanced portfolio of incremental and disruptive measures 
(robust evidence, medium agreement). Relying solely on in-
cremental measures, especially those that focus narrowly on 
technological options and efficiency improvements, consti-
tutes a form of climate delay because such measures alone 
are insufficient to achieve climate targets. Climate-friendly 
transformation pathways require bundles of incremental and 
structural measures that combine broadly accepted actions 
(e.g., green spaces and public transport expansion) with less 
popular approaches (e.g., reduction of parking spaces in cit-
ies and transition to healthy diets). Strategic autonomy and 
reduced fossil fuel import dependencies can be achieved by 
lowering demand through sufficiency measures. The advan-
tage of regulations, whether they are speed limits or product 
provisions, is that these measures are cheap for the public. 
Furthermore, they can potentially lead to immediate results 
and may also increase the fiscal room for maneuver (medi-
um confidence). {8.6.1, 8.6.2, 8.6.3, 8.7, Table 8.3}

E.8 Climate-friendly transformation pathways are de-
signed to overcome silo approaches in climate policymak-
ing by purposefully integrating different strategies and 
measures and by striving to ensure a good life for all with-
in planetary boundaries (robust evidence, medium agree-
ment). While in democratic societies various pathways exist 
based on different interests and values, they have in common 
that they overcome silo approaches to climate policymaking 
by integrating social and economic policies. They provide a 
narrative for societal organization and behavior aiming to 
reduce both direct and indirect emissions to achieve miti-
gation targets (climate neutrality), while simultaneously re-
ducing vulnerability to climate change through adaptation 
(climate resilience), and, more broadly, striving to ensure a 
good life for all within planetary boundaries. {8.5, 8.6, 8.7, 
Table 8.3}

Multi-perspectivity and narratives of 
transformation pathways

E.9 Bundles of measures combining insights from differ-
ent perspectives tend to be more effective than ideal-typ-
ical pathways focusing solely on specific measures. While 
these ideal-typical scenarios appeal to specific socio-cul-
tural milieus, they lack broader societal support (robust 
evidence, medium agreement). Ideal-typical transformation 

pathways may be techno-economically feasible but they 
lack socio-cultural and politico-economic viability. This 
insight is reinforced by scenario modeling such as the as-
sessed NetZero2040 scenarios, some of which align closely 
with ideal-typical transformation pathways (eco-modern-
ization and system change). The NetZero2040 high-import/
high-demand scenario resembles an eco-modernist trans-
formation pathway. It relies mostly on market- and technol-
ogy-based solutions but requires dramatic price increases 
for energy and carbon along with expansions of wind and 
solar infrastructure, which could erode societal support. 
The NetZero2040 low-import/low-demand scenario, in 
contrast, aligns with a system change transformation path-
way, requiring reductions in per capita housing space and 
new construction levels – measures unlikely to encounter 
societal support in the short term. The assessed scenari-
os developed by the Environment Agency Austria (EAA), 
elaborated explicitly to support policymakers, highlight the 
necessity of compromises in democratic climate policy-
making. Being closer to the reality of policymakers, they all 
combine different types of measures – avoid/shift/improve, 
push and pull, sufficiency and efficiency-enhancing – there-
by going beyond the ideal-typical transformation pathways. 
The ‘With existing measures’ (WEM) and ‘With addition-
al measures’ (WAM) scenarios in particular reflect current 
political priorities, subordinating climate targets to cost of 
living and competitiveness concerns. Consequently, climate 
targets in WEM and WAM scenarios are missed due to de-
layed and insufficient measures. The EAA’s Transition2040, 
in contrast, is designed to align with Austria’s goal of reach-
ing net-zero emissions by 2040 but necessitates the deploy-
ment of carbon capture, utilization, and storage (CCUS) for 
balancing out residual emissions in the agricultural sector 
and hard-to-abate industries. {8.4.2, 8.4.3, 8.5.3, 8.5.4, 8.7, 
Figure TS.12}

E.10 Narratives with a focus on markets, technology, and 
efficiency improvements are currently dominating the cli-
mate policy discourse (high confidence). These narratives 
can broaden alliances and integrate additional parts of mid-
dle-class and upper-class milieus if they more explicitly con-
sider fairness aspects as well as short-term co-benefits, like 
attractive public transport options (e.g., the ‘KlimaTicket’) 
and incentives for circular-economy strategies (e.g., repair 
subsidies like the ‘Reparaturbonus’). This can also be attrac-
tive to people who are skeptical of ambitious climate policy. 
{8.6}
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E.11 Narratives with a focus on system change, sufficiency 
and avoid measures can become more effective and feasi-
ble if they focus on decent living standards and redistri-
bution, better working conditions, and improved social 
protection (robust evidence, medium agreement). This can 
attract diverse milieus, including low-income households, 
by combining an ambitious social-ecological agenda with 
the re-orientation of the economy to satisfy the basic needs 
of health, care, food, housing, energy, and mobility. {8.6.3, 
Table 8.3}

E.12 A comprehensive and ambitious strategy may indeed 
be feasible in a democratic setting if burden sharing is con-
sidered as fair and disadvantages for private actors (e.g., 
bureaucratic costs and inconveniences) are minimized, 
especially since acceptance of climate measures tends to 
increase after implementation, thus legitimizing effective 
climate-actions ex-post (medium confidence). The select-
ed policy mix is based on values, interests and knowledge 
within a framework of societal preferences and power rela-
tions. Failing to implement climate policy increases the costs 

of inaction and forgoes potential benefits for everyday life, 
thereby implicitly accepting the likelihood of unmet climate 
targets. Alternatively, policymakers can try to follow climate 
research insights and implement bundles of measures, in-
cluding policies that may initially lack societal and politi-
cal support (e.g., tax increases or speed limits) but increase 
the probability of meeting long-term climate targets. {8.5.2, 
8.6.1, 8.7}

E.13 Climate governance in democracies involves deci-
sions made by elected decision makers, with the effective-
ness of climate action depending on four key elements: 
Broadening climate policies, climate-friendly governance 
models, an expanded mix of instruments, and societal and 
political support (medium confidence). Integrating climate 
policy into sustainable development can facilitate policy co-
herence and reduce the influence of vested interests. A di-
verse mix of measures, including adaptation and mitigation, 
efficiency and sufficiency, and both incremental and disrup-
tive approaches, strengthens governance frameworks. {6.5.1, 
8.6.1, 8.6.2, 8.6.3, Table 8.3}
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