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Mission Statements

To provide a first assessmentof vulnerability concerning Alpine Space small Snow Tourism Destinations
currently affected or that will be affected in the future by climate change

Who should read this report?
The intended audience of this document are:

Local and Regional Public Authorities, to increase their knowledge base and awarenessregarding
vulnerability to climate change in the Alpine territories they are responsible for .

Local and RegionalDMOs, to increase their awarenessregarding the vulnerability level of the Alpine Snow
Tourism Destinations they are responsible for.

Tourism SMEs, to increase their knowledge base and awarenessregarding this specific aspect of climate
change impacts on their activities, and to prepare them for the challenges andthe necessary enhancement
of climate and socioeconomic resilience through sustainable development alternatives.

Local communities of STDs, because they are also negatively impacted byexposure to climate changeand
the diminishment of the attractiveness of skiing. By reading this document, and particularly by observing
the maps, STDs citizens can increase their knowledge of the problem and theirawareness.

Disclaimer

The data and information in this document refer to and have been proposed specifically for the purposes
and activities in the Pilot areas of the BeyondSnow project. It is important to note that the selection of data

and indicators has been undertaken by the authors based on specific considerations relevant to this
context. However, this does not preclude the consideration of alternative indicators or datasets, and the

choices made here should be viewed as illustrative examples rather than exhaustive or defiitive selections.

Capitalising on the results of past Alpine Space projects, as of today (October 2023) data coverage is
uneven and for large areas north of the Alpine Convention perimeter, data are not yet available even
though they are being processed. This is due to the change of the Alpine Space perimeter in this
programme period compared to previous ones.
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This publication is available on the project website
https://www.alpine -space.eu/project/beyondsnow/

Publication date: October 2023

© Interreg Alpine Space BeyondSnow project 2023.
All rights reserved.

Use of this publication is subject to the terms and conditions of use published on the project website.
Brief excerpts may be reproduced or translated provided the source is stated.
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1 Introduction

In recent years, the snow tourism sector has been dealing withvarious and in some caseshighly challenging
trends. Above all, climate change effects, especially increasing temperatures and decreasng show-
reliability , have been already observed and are expected to intensify in the future . This, accompanied by
social and demographic changescan lead to apotential decreasein the attractiveness of snow tourism
destinations (hereinafter STDs) and a consequential weakening of their local economies. However,
adaptive solutions, such asthe inclusion of ecosystem services can act as meaningful tools to counteract
potential impacts of climate change and reduce the vulnerability of STDs

Within the scope of the AS Project BeyondSnow, the exploration of vulnerability in STDs requires a
meticulous analysisspecifically tailored to the unique challengesinherent in Alpine regions. As a result, the
Vulnerability Map, developed within the project BeyondSnow, aims at exploring the complexity of

vulnerabilities and provide a comprehensive overview that integrates both biophysical and socic-ecological
and -economical dimensions (see Figure 3).

Currently, the Intergovernmental Panel on Climate Change (IPCCprovides the most extensive framework
for comprehending vulnerability to climate change, acknowledging the complex relationship between
environmental and societal dynamics.Vulnerability =~ T X Z the prdpensity or predisposition to be
adversely affected, a quality shaped by diverse factors, including exposure, sensitivity, and adaptive
capacityZ(IPCC, 2022)

The Alpine STDs Vulnerability Map represents an application of the IPCC definition for the purposes of the
BeyondSnow project, building on the fundamental components of vulnerability B exposure, sensitivity,
potential impact, and adaptive capacity (see the following Figure 1).

‘! ‘ ‘9 ‘

Figurel. The components of vulnerabilityegardingclimate change (Based on IPCC, 2022).
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2 Vulnerability Map overview

2.1 The Alpine STDs Vulnerability Map (v. 0.92)
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Figure2: VulnerabilityMap of Alpine STDs, Version 0.9®ctober 2023)(Own Elaboration, 2023)

The map above shows the outcome of the first elaboration (version 0.92) of the Alpine STDs Vulnerability
Map. Vulnerability levels range from low to acute. The most part of municipalities within the ASareareveal
a high level of vulnerability . At first, it appears that mountain municipalities in innermost areas of the Alps
mostly exhibit a moderate level of vulnerability, while areasin the eastern part of the Alps or close to the
plain are characterized bya severe level of vulnerability. However, it is difficult to generalize results for the
entire AS, and a closer and moreprecise look at smaller scales can provide more accurate deductions.

This project is co-funded by the European Union
6 through the Interreg Alpine Space programme
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2.2 Snow Vulnerability Index for STDs

The Snow Vulnerability Index (VSI) isan aggregate(synthetic) indicator of the level of vulnerability of the
STDsto a particular climate changeimpact, the diminishment of the snow cover. It is a composite indicator
constructed through the synthesis of 12 indicators related to the dimensions of vulnerability considered
most relevant for understanding and raise awarenesgegarding the impacts, expressing the various aspects
of a multidimensional phenomenon through a single value.Recently, composite indicators have become
widely used, especially because they simplify the analysis of socieeconomic phenomena over time and
across territories through synthesis. There is an increasing explicit demand for synthetic measures, not only
driven by a generic need for knowledge but also requested by decision-makers at all levels (from national
to local), who require simple yet effective parameters to plan and monitor interventions, considering various
factors.

2.3  Vulnerability y r E d B N Nfor §®DA r
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Figure3. Considered dimensions and key aspeftisthe BeyondSnovprojectand STDs Vulnerability Map (v0.9ZDwn elaboration)

This project is co-funded by the European Union
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2.4 Indicators selection

An indicator is an observable value that is representative of a specificphenomenon of concern. Indicators
provide a measurable proxy for scientists, managersas well aspolicy- and decision-makers to understand
trends in complex ecological, social, and economicprocesses.In the case of multidimensional phenomena
whose explanation includes several elements,it is necessary to construct composite indicators, i.e.,
considering several components,allowing for comparisons over time and between territories.

In the specific case of the project BeyondSnow, the complexity of vulnerability as a phenomenonrequires
a reduction of the concept within a set of indicators and criteria that facilitate its assessment(seeFigure
4). However, it should be noted that it is highly challenging to reduce it to a simple equation that can be
applied to multiple levels of investigation and types of (climate change) impacts. In fact, slecting
appropriate data and indicators that accurately represent both environmental and societal aspects of
vulnerability as well asintegrating this data, are crucial steps in thevulnerability mapping process(Preston
& Stafford -Smith, 2009).

Population Density

Old Age Dependency Ratio

SENSITIVITY

STDs
VULNERABILITY

Infrastructure at Risk

Outdoor Recreation Visitation Rate

Winter total snowfall
Winter total rainfall
EXPOSURE Winter mean temperature
Snow season length
Ski season length
IMPACTS <

Natura 2000 Areas

ADAPTIVE - .
CAPACITY Site-protecting Forests

Outdoor Recreation Availability

Figure4. Scheme of the selected ifwhtors for thefirst STDs Vulnerability Map

This project is co-funded by the European Union
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The AS Project BeyondSnow'sfocus on vulnerability in STDs is an attempt of targeted analysis that
considers the unique specificities of these areas Therefore, the selection of indicators and the overall
development of a STDsVulnerability Map have mainly adhered to the methodological guidelines provided
in the Vulnerability Sourcebook by Fritzsche et al. (2014), the IPCC vulnerability concept (2007), and
previous Alpine Space projects €.g9.,AlpES, ClimAlpTour, GreenRisk4ALPS).

However, the dataset of indicators that could potentially be included in the assessment is wider than the

one presented in this first draft. Thus, depending on the availability and accuracy of data, the selection of

indicators will be continuously updated for an improved vulnerability assessment of STDsthroughout the
project's lifetime.

2.5 Vulnerability levels

Based onkey international reports on climate risk (IPCC AR6, NAPs and NASs in ASulnerability has been
graded into 5 classes Following the AS Programme Communication Manual and the IPCCVisual Style
Guidelines (2018), 5-class proposalsand a corresponding set of colours and descriptive indications for each
vulnerability level have been drawn upto facilitate map comprehension (seechapter 4.5).

2.6 Confidence

When reviewing information at the indicator level it is important to note that each indicator has been

J°7 z«XT J BXEXK -Z z2%$-«Z TX«NXZY $-«Z TX«NX T«
z 2 ° X NA Kavest caXidencd.§This evaluation is based on judgementsthat will be made during a
dedicated technical workshop during the project's RP3.

2.7 Interpretation note

When consulting the aggregate vulnerability map, readers are encouraged to take advantage of these multi
- «?© N-«" TX3J° -« Y .Z J« «T NJ©° -3 ’ z2?2°XNAKIJ
uncertainty on the direction of change, the assessment provided by the map should be treated with much

o

more caution than if the inverse confidence and uncertainty values had been given Nevertheless, just

because uncertain it does not mean that the values provided could not be potential future outcomes.

Responses to the impacts of climate change should ideally be robust to a range of different outcomes
(Dessai et al., 2009)
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3 Indicator s

3.1 Exposure
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Figure5: Exposure map (Own Elaboration, 2023)
Indicator description

Exposureis the character, magnitude, and rate of change and variation in the climate(Fritzsche et al., 2014)
It is composed of 5 climatic indicators: Snowfall, Rainfall, Temperature, Snow season, and Ski season

Map interpretation

The map shows that aeas with higher values, exhibiting severe levels of climatic exposure, are gread
throughout different parts of the AS area These are:Aosta Valley, the Bavarian Forest, parts of Carinthia
and Slovenia.However, most areas exhibit moderate to high levels of climatic exposure.

This project is co-funded by the European Union
10 through the Interreg Alpine Space programme
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Figure6: Winter Total Snowfall map (Own Elaboration, 2023)

Indicator description
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The Snowfall indicator refers to the projected changes (in percentage) of total snowfall from November to
April between scenario RCP 4.5 data and historical data(1986-2005). The devation reference is 500-
1,400m. Higher percentages of snowfall difference indicate a decreasein total snowfall during the winter

seasoncompared to the period 1986-2005, which consequently implies higher exposure

Map interpretation

Areas that are likely to experience a more significant reduction intotal winter snowfall are situated in the
Southern Alps, particularly in the South-West. Overall, it seems that only small parts of Switzerland and
Austria could avoid a noticeable decreasein snowfall in the near future.

This project is co-funded by the European Union
through the Interreg Alpine Space programme
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3.1.2 Winter total r  ainfall
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Figure7: Winter Total Rainfall map (Own Elaboration, 2023)

Indicator description

The indicator shows projected changes (in percentage) of Total Rainfall from November to April between
scenario RCP 4.5 data and historical datd1986-2005). The devation reference is 500-1,400m. An increase
in rainfall during the winter season isassociated tohigher exposure, asthis implies aprecipitation shift from
snow to rain, associated with anincreased risk of floods, landslides and soil erosion(Ombadi et al., 2023)

Map interpretation

Rainfall in winter is likely to increase in all areasof the ASwithin 500 -1,400m. In particular, the map shows
that the Northern Alps might see an increase of more than10% of total rainfall in winter compared to the
past decades with peaks of 30% in the area of the Bavarian Forest.

This project is co-funded by the European Union
12 through the Interreg Alpine Space programme



Iﬂterreg - &?E:::e;:x Union | BeyondSnow
Alpine Space

3.1.3 Temperature
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Figure8: Winter Mean Temperature map (Own Elaboration, 2023)

Indicator description

The indicator refers to projected changes of Winter Mean Temperature from November to April, between

scenario RCP 4.5 data and historical data (19862005). The devation reference is 500-1,400m. An increase
in temperature can influence various factors such asprecipitation pattern s, snow cover areaand duration,
hence intensifying the exposure of mountain areas.

Map interpretation

The map shows thata big proportion of areas within the AS could experience an increase of winter mean
temperature of more than 0.75 C° compared to the past decades with a trend towards even higher
temperatures in the southernmost areas of the Alps, parts of Carinthia and Slovenia.

This project is co-funded by the European Union
13 through the Interreg Alpine Space programme
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3.1.4 Snow season length
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Figure9: Snow Season Length map (Own Elaboration, 2023)

Indicator description

The indicator Snow SeasonLength involves projected changesin the number of days with natural snow on
the ground between scenario RCP 4.5 data and historical data (19862005). The devation reference is 500-
1,400m. The shortening of the snow season which is closely linked with increases in temperature and
precipitation patterns, contributes to the exposure of STDs.

Map interpretation

Areas that are likely to experience a more significant reduction in their snow season length aremainly the
Julian Alps and the Bavarian Forest, followed by smaller areas across the Alps These areas could see a
reduction of more than 20 days with natural snow on the ground compared to the past decades

This project is co-funded by the European Union
14 through the Interreg Alpine Space programme
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3.1.5 Ski season length
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Figurel0: Ski Season Length map (Own Elaboration, 2023)

Indicator description

The indicator Ski SeasonLength refers to the projected changes between scenario RCP 4.5 data and
historical data (1986-2005) of days with at least 30cm of snow of the ground, which is considered the
minimum threshold to practice ski-related activities. The elevation reference is 1,000-1,400m. The
shortening of the ski season, similarly to the snow season, contributes to the exposure of STDs.

Map interpretation

Areasthat are likely to experience a more significant reduction in their ski season length are situatedin the
Julian Alps Bavarian Forest, and Rosenheimdistrict. These areas could see a reduction of more than 15
days with at least 30cm of snow on the ground compared to the past.

This project is co-funded by the European Union
15 through the Interreg Alpine Space programme
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3.2 Sensitivity
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Figurell: Sensitivity map (Own Elaboration, 2023)

Indicator description

Sensitivity is the degree to which a system is adversely or beneficially affected by a given climate change
exposure. It can be shaped by natural attributes but also human activities affecting the physical constitution

of a system (Fritzsche et al., 2014) Sensitivity in the context of the BeyondSnow project is composed of 4

indicators: Population density, Old age dependency ratio, Infrastructure at risk, and Outdoor recreation

visitation rate .

Map interpretation

The map shows that most areas across theAS are characterized by high levels of sensitivity of the system
to climate change exposure Approximately 20 municipalities in high mountain areas are grouped into
severe sensitivity, according to the indicators considered.

This project is co-funded by the European Union
16 through the Interreg Alpine Space programme
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3.2.1 Population Density
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Figure12: Population Density map (Own Elaboration, 2023)

Indicator description

Population density is the number of inhabitants in each municipal areaper km?. Population is traditionally
regarded as the key indicator for the status of a municipality. A high number of inhabitants usually implies
that more individuals are at risk of environmental hazardsand/or are impacted by change in tourism flows.

Map interpretation
Areas showing higher population density are mainly located inlowlands such as Pianura Padanand Baden-
Wirttemberg , and around large cities such as ZurichMunich, Vienna etc. Alpine mountain areas on the

contrary, are less densely populated.

This project is co-funded by the European Union
17 through the Interreg Alpine Space programme
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3.2.2 Old Age Dependency Ratio
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Figurel3: Old Age Dependency Ration map (Own Elaboration, 2023)

Indicator description

The indicator shows the ratio of people over 64 to those aged between 15 and 64. It shows the number of
people aged 64+ for every hundred people aged 15 to 64. It expresses the sociepolitical responsibility of
the economically active population regarding the elderly.

Map interpretation

The map demonstrates that the ratio between the number of persons in retirement age (over 64) and the
number of persons in working age (1564) cannot be immediately associated with geographical factors.
Although the pattern is irregular, it seemsthat Italy has a generally high ratio compared to the neighbouring

countries.

This project is co-funded by the European Union
18 through the Interreg Alpine Space programme
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3.2.3 Infrastructure at Risk

Figurel4: Infrastructure at Risk map (Own Elaboration, 2023)

Indicator description

The indicator is calculated by considering two main factors: (1) the natural hazard potential, based on
avalanche and rockfall transition zones, and (2) the damage potential, which considers all human
infrastructure (i.e., settlement areas, buildings,roads, and railways). The intersection zones between these
two areas identify all infrastructure sthat are located in potential hazard zones

Map interpretation
Areas or infrastructure that are theoretically at risk can be found mostly within high altitude Alpine
mountain municipalities, where the potential for natural hazards is higher.

This project is co-funded by the European Union
19 through the Interreg Alpine Space programme




































