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Who should read this report?

The intended audience of this document are:

Local and Regional Public Authorities, to increase the knowledge base and the awareness of local and
regional public administrators on this specific aspect of climate change in the Alpine territories they are

responsible for.

Local and Regional DMOs, to increase their understanding of the systemic nature of the lack of snow
coverage and give them the first necessary information to consider taking future transition steps to increase

the resilience of Alpine Snow Tourism Destinations.

Tourism SMEs, to increase the knowledge base and the awareness on this specific aspect of climate change
impacting on their activities, and to prepare them for the challenges and the necessary enhancement of

climate and socio-economic resilience through sustainable development alternatives.

Local communities of STDs, because they are also negatively impacted by increasing lack of snow and the
diminishment of the attractiveness of skiing. By reading this document and, in particular, its textual summary

and infographics, STDs citizens can increase their knowledge of the problem and their awareness.

This report aims at explaining in simple words the basic and some advanced features of the effects of climate
change on the Alpine Space Small Tourism Destinations, with specific focus on the lack of snow coverage. As

Climate Change is a very complex issue, not every feature may be explained in this document.

This publication is available on the project website https://www.alpine-space.eu/project/beyondsnow/

Publication date: April 2023

© BeyondSnow, 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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Mission Statements

To provide an overview on the main effects of climate change (CC) on the
Alpine Space small Snow Tourism Destinations currently affected or that will
be affected in the future by lack of snow coverage.

Disclaimer

The information and perspectives set out in this publication are those of the authors and do not necessarily
reflect the official opinion of the European Commission or the Project Partners’ regions. Neither the
European Commission institutions and bodies nor any person acting on their behalf may be held responsible
for the use that may be made of the information contained therein. Reproduction is authorized, provided the
source is acknowledged (BeyondSnow (2023). Report on the effects of Climate Change on the Alpine Space
Snow Tourism Destinations), unless otherwise stated. For use/reproduction of third-party material specified
as such, permission must be obtained from the copyright. Some infographics have been designed using assets
from Freepik.com. To learn more and to download additional resources please refer to the Project website

https://www.alpine-space.eu/project/beyondsnow/. The information is provided without assuming any

legal responsibility for correctness or completeness. The data presented in this publication are based on the

information provided by the Project Partners.
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Acronyms used in this report

BeyondSnow-specific acronyms are bold.

Acronym
ALPCONV
AS

CC

CO2
DMO
EAWS
EC

EEA

ES

EU
EUSALP
GHGs
IPCC
OECD
PWA
RAM
RCP
RDMDT
SME
STD
SWT

UN
UNFCCC
WMO

Meaning

Alpine Convention

Alpine Space

Climate Change

Carbon dioxide

Destination Management Organisation
European Avalanche Warning Services
European Commission

European Environment Agency

Ecosystem Services

European Union

EU-Strategy for the Alpine Region
Greenhouse gases

Intergovernmental Panel on Climate Change
Organisation for Economic Co-operation and Development
Pilot Working Areas

Resilience Adaptation Model
Representative Concentration Pathways
Resilience Decision-Making Digital Tool
Small and Medium-sized Enterprises

Snow Tourism Destination

Snow & Winter Tourism

United Nations

United Framework Convention on Climate Change

World Meteorological Organization
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1 Introduction and background

According to the Intergovernmental Panel on Climate Change (IPCC, 2021) there is no doubt what the
causes of global warming are: human activities, starting with the burning of fossil fuels such as coal, oil and
gas. Representatives of the working group also commented on the data pointing out that 'current negative

trends are in no way compatible with a stabilisation of global warming' (Adaoust, 2023).

In the Alps, home to about 14 million people, 30,000 animal species and 13,000 plant species, the trends
related to CC are occurring at a faster pace than elsewhere making them more vulnerable. According to
the Alpine Convention (2017) “since the late 19%" century temperatures have risen by almost 2°C, a rate

about twice as large as the northern hemisphere average”.

In recent years, the Snow & Winter Tourism (SWT) sector in the European Alps, as in many other
mountainous areas of the world, has been dealing with different and in some cases highly challenging trends.
On the one hand, a decrease in the snow-reliability has been observed, paired with an observable decrease
of the attractiveness of the ski sector in some areas, due to social and demographic changes. Next to a slight
decrease of the number of skiers, also their length of stay diminishes every year. Damm et al. (2017) estimate
aloss in winter overnight stays related to ski tourism in Europe of up to 10.1 million nights per winter in the
upcoming years. On the other hand, some snow-related activities, such as cross-country skiing as well as
snow and snowshoe hiking, have seen an increase in their popularity. Furthermore, the 2°C temperature
increase that the Alps have experienced since the beginning of the 20t century and the related decrease in
snow coverage have significantly shortened the snow season (38 days between 1960 and 2017, according
to Kluger (2018) and increased the costs of technical snowmaking. It seems that an improvement of the
situation in the future is highly improbable. Scientists estimated that by 2100 the temperature in the Alps
will increase by 1-2°C if emissions are kept low (RCP 2.6), and by 5-6Ge°C in the worst-case scenario (RCP

8.5). Over the same period, snow height reliability may increase beyond 2,400 m above sea level.

Censuses such as those carried out with the “Nevediversa” dossier by Legambiente (2023) on the state of
health of the ski resorts in the Italian mountains describe a particularly complex situation where abandoned
or closed facilities or those that survive solely with strong injections of public money are increasingly
frequent. The sector, which in the past has been one of the pillars of Alpine tourism, still provides work
opportunities to a large number of people and sustains the economies of a multitude of communities and
tourism destinations. As the economic viability of ski tourism in the Alps risks to falter, the largest and
highest ski tourism destinations try to differentiate their offer, while still focusing on mass tourism and on

skiing offers above 2,000 m. The situation is very different in the smaller, lower-altitude ones.
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1.1 Envisioning a green and climate-resilient alpine region

A high number of small-medium altitude snow tourism destinations (hereinafter STDs) scattered across the
Alps face the problems of lack of snow coverage, an increased dependency on technical snowmaking,
outdated (ski) infrastructure and accommodation facilities in need of renovation. These challenges translate,
among others, into a high probability of not being able to amortize the necessary investments. Some STDs
are partners or have activated one of the partners of the Interreg Alpine Space project "BeyondSnow", which

aims at elaborating concrete responses to specific territorial needs.

The Pilot Working Areas (hereinafter PWAs) of the project comprise 10 different destinations and their
related communities, encompassing different sizes, levels of development and criticalities (Figure 1). Some
of them have already started different adaptation paths, others still need to develop them. But all of them
can benefit from a transnational cooperation, knowledge-exchange, learning from each other regarding the
concrete impacts of CC as well as the mitigation and adaptation measures that can be elaborated and
implemented. The results of their cooperation focusing on the highlighted challenging issues will benefit

many other similar tourism destinations in the Alpine Space area.

A transition towards new, more sustainable tourism development models focusing on preserving and
valorising territorial assets, unique tourist experiences based on natural and cultural heritage as well as a
more efficient spatial and temporal distribution of tourism assets (supporting transition from seasonal to
year-round tourism) and improved, future-oriented and sustainable infrastructure management could help
relaunch these challenged economies while strengthening the local communities and the attractiveness of

these areas.
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Figure 1. BeyondSnow Pilot Working Areas (PWAs) and ski facilities in the EU Alpine Space Programme cooperation area, 2023.
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1.2 Key definitions

This subchapter aims at providing the reader with a common set of key definitions and explanations, which
will be utilized throughout the present report as well as the AS project "BeyondSnow". Since some of the

concepts are closely related, the key definitions are not listed alphabetically, but thematically.

Climate

Climate refers to the long-term average weather conditions prevailing in a specific area. The standard time
span employed by the World Meteorological Organization to define and assess climate is a three-decade
period (WMO, 2023b), depicting climate as the mean weather patterns spanning 30 years. Factors like
temperature, precipitation, and wind can be examined to ascertain fundamental attributes of the prevailing

climatic state during various time periods and to pinpoint changes across distinct time spans.

Climate Change (CC)

The UN defines climate change as "long-term shifts in temperatures and weather patterns" (UN, 2023),
indicating that, although these shifts can be also of natural origin, anthropogenic activities have been one of
the main drivers since the 1800s (see also (IPCC, 2022). According to the United Nations Framework
Convention on Climate Change (UNFCCC), CC occurs “in addition to natural climate variability observed
over comparable time periods” (UNFCCC, 2023). CC is caused by alterations to the composition of the
Earth’s atmosphere, in particular, through emissions of GHGs such as CO2, and through changes to the land,

such as through deforestation and land conversions.

Global temperature and warming

Global temperature is measured by combining measurements of near-surface air temperature from weather
stations, satellite measurements and ocean surface temperatures (Hansen et al., 2006). In the early 1960s
scientists recognized that carbon dioxide in the atmosphere was increasing. Later they discovered that
methane, nitrous oxide and other gases were rising. Because these gases trap heat and warm the Earth, as a
greenhouse traps heat from the sun, scientists concluded that increasing levels of “greenhouse gases” would
increase global warming. According to the World Meteorological Organization (WMO), the years from 2015
to 2022 have been identified as the eight years with the warmest global temperature since the beginning of
the observations in the mid-19th century (at least 1°C above pre-industrial levels) (WMO, 2023a).

10
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Greenhouse gases (GHGs)

Greenhouse gases encompass atmospheric gases, both of natural origin and human-made, which have the
ability to absorb and release radiation at particular wavelengths found within the range of terrestrial
radiation emitted by the Earth's surface, the atmosphere, and clouds. This characteristic gives rise to the
greenhouse effect. The main greenhouse gases are water vapor (H20), carbon dioxide (CO2), nitrous oxide
(N20), methane (CH4) and ozone (O3) (Non-fluorinated gases) (European Commission, 2021). The
fluorinated or man-made GHGs comprise hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SF6). Human activity strongly influences the presence of the latter since these gases increase

faster in the atmosphere as they degrade (European Commission, 2022).

Global Warming Potential (GWP)

The Global Warming Potential (GWP) refers to the ability of different GHGs to absorb energy compared to
CO2 over aspecified period of time, usually measured between 20 and 100 years. Furthermore, it considers
also their different atmospheric residence times, namely the different rates at which they are removed from
the atmosphere. For each time period, CO2 is always set at “1”, and other GHGs are compared it for the same
timeframe. For example, the sulfur hexafluoride’s (SFs) GWP at 10 years reaches 24,300, meaning that it has

24,300 times more warming potential than CO2 within the same timeframe (Shi et al., 2023).

Risk

Risk means any potential for adverse consequences for human or ecological systems, recognizing the
diversity of values and objectives associated with such systems (IPCC, 2022). According to the IPCC, the

concept of risk in the context of CC has several nuances:

- Risks can arise from potential impacts of CC as well as human responses to CC.

- Considering CC impacts, risks result from dynamic interactions between climate-related hazards with
the exposure and vulnerability of the affected socio-economic or ecological system to the hazards.

- A more specific denotation, namely the concept of compound risks, is utilized when such interactions are
characterized by single extreme events or multiple coincident or sequential events that impact the
exposed systems or sectors.

- Hazards, exposure and vulnerability may each be subject to uncertainty in terms of magnitude and
likelihood of occurrence. Each may change over time and space due to socio-economic changes as well as
human decision-making and actions.

- Regarding CC responses, risks can emerge from the potential for such responses not achieving the

intended objective(s), or from potential trade-offs with or negative side-effects on, other environmental

11
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and/or societal objectives, such as the Sustainable Development Goals (SDGs). Risks can arise for
example from uncertainty in the implementation, effectiveness or outcomes of climate policy, climate-
related investments, technology development or adoption, and system transitions.

- The remaining risk, after adaptation and mitigation efforts have been implemented, is called “residual

risk”.
Hazard

Accordingto IPCC (2022) "a hazard is the potential occurrence of a natural or human-induced physical event
or trend that may cause loss of life, injury or other health impacts, as well as damage and loss to property,
infrastructure, livelihoods, service provision, ecosystems and environmental resources". Examples of

climate hazards can be persistent droughts, intense heatwaves, tropical storms, sea levels rise and floods.

Impact

An impact is the consequence of realized risks on natural and human systems, where risks result from the
interaction of climate-related hazards (including extreme weather/climate events), exposure, and
vulnerability. Impacts generally refer to effects on lives, livelihoods, health and well-being, ecosystems and
species, economic, social and cultural assets, services (including ecosystem services) and infrastructure
(IPCC, 2022). Impacts may be referred to as consequences or outcomes and can be adverse or beneficial.
When an extreme hazard generates a sequence of secondary events that result in physical, natural, social or
economic disruptions to natural and/or human systems, this can be referred to as “cascading impact”,
whereby the resulting impact is significantly larger than the initial one. Cascading impacts are complex and

multi-dimensional, and they are closely connected to the degree of systemic vulnerability (IPCC, 2022).

Climate Exposure

Climate exposure is the presence of different elements (such as people, resources, environmental services
and functions, infrastructures, and cultural assets) in places and settings that could be adversely affected by
climate-change-related events (IPCC, 2022).

Climate Sensitivity

Climate sensitivity is the degree to which systems or parts thereof are either adversely or beneficially
affected by CC (IPCC, 2022).

12
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Climate Vulnerability

Climate vulnerability, or vulnerability to CC, refers to the degree to which a community experiences harm as
a result of changes in climate and/or the degree to which natural, built, and human systems are at risk of
exposure to CC impacts. These communities may be regional, sub-regional, national, sub-national, or other.
Vulnerability encapsulates socio-economic concerns, such as income levels, access to information,
education, social safety nets and other meaningful determinants of the resilience of communities. It also
encompasses environmental or so-called “bio-physical” factors, such as geographic location, topography,
natural resources, vegetation etc. A community’s vulnerability may be determined intrinsically, for example,
through a local government’s aversion to corruption, or by exogenous factors, such as globalized markets.
Vulnerable communities experience heightened risk and increased sensitivity to CC and have less capacity
and fewer resources to cope with, adapt to, or recover from climate impacts. These disproportionate effects
are caused by physical (built and environmental), social, political, and/ or economic factor(s), which are
exacerbated by climate impacts. The definition of “vulnerability” used here aligns closely with the IPCC
definition, termed “outcome vulnerability”. The latter implies that higher levels of harm are in large part the
outcome of higher levels of vulnerability. Conversely, impacts are lower where vulnerability is lower (Fissel,
2010; IPCC, 2022).

Compound climate events

Compound climate events result from the complex combination of different climate drivers and/or hazards,
giving rise to amplified impacts compared to what the single drivers and/or hazards might have generated
(Zscheischler et al., 2020). These interactions can be spatially and/or temporally concurrent, but they can

also take place at different dimensions and levels adding up over time.

Hydrological cycle

Hydrologic cycle is the process by which water moves around the earth. The cycle includes evaporation,

precipitation, runoff, condensation, transpiration, and infiltration.

Snow Water Equivalent

The height of the water column if a snow sample is melted (measured in millimetres), with reference to the
same area. The water equivalent of a 20 cm snow sample with a mean snow density of 100 kg/m?® is 20 mm.
With a density of 500 kg/m? the equivalent of a 20 cm snow sample is 100 mm of water (EAWS, 2023).

13
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2 Climate Change in the Alpine Space area

Snow is an important element of the natural environment in many low-, mid- and high-altitude mountain
regions around the world, such as the European Alps. Its presence or absence can have a range of
consequences for many socio-economic sectors. In the Alps, CC occurs more rapidly than in lowland areas
and affects the living conditions of 14 million inhabitants, 30,000 animal species and 13,000 plant species
(Alpine Convention, 2021). The cryosphere, the distinctive and fundamental element of high mountain
regions, comprises snow, permafrost, glaciers, frozen lakes, and rivers. The effects of CC on these
environments are impacting physical and biological systems, including human systems. The Alpine region is

one of the worst affected areas through significant economic, social, and ecological effects.

Recent observations of snow and glaciers show a general decline in the duration of snow cover at low
altitudes in recent years, with an average of 5 snow cover days per decade. As for glaciers, their mass is
estimated to have retreated of more than half of their volume since the 19" century (EEA, 2009; IPCC,
2022). Actually, the decline of snow, glaciers and permafrost has also altered the frequency, intensity, and
location of most related natural hazards. In particular, the exposition of people and infrastructure to natural
hazards has increased due to population growth, tourism, and socio-economic development. In fact, glacier
retreat and permafrost thaw have reduced the stability of mountain slopes and the integrity of
infrastructure. Moreover, CC is altering snowfall patterns. There seem to be fewer days of snow cover and
the snowpack melts earlier. Furthermore, the risk of avalanches in the Alps has been increasing significantly
(Zgheib et al., 2022) due to instability accentuated by CC phenomena.

The Alps have often been referred to as “the water tower of Europe” (EEA, 2009) because of the key
contribution of alpine rivers to populated lowland water resources in Italy, France, Germany, as well as
Central and Eastern Europe. Snow is probably the largest single contributor to seasonal runoff in
hydrological basins when the snowpack releases water during the spring and summer through melting. Its
presence at high elevations up to the middle/end of the summer ensures, along with seasonal glacier melt, a

sustained discharge in most mountain rivers even during prolonged dry spells (Haeberli & Beniston, 1998).

14
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2.1 General ecological effects

Interms of ecosystem functioning, snow is a major determinant for many alpine plant species since the timing
of snowmelt often signals to dormant plants the beginning of the annual vegetation cycle. The EU White
Paper on Adaptation (European Commission, 2009) names mountain areas, in particular the Alps, as among
the most vulnerable areas to CC in Europe. The Alps have undergone an exceptionally high temperature
increase of around +2°C between the late 19" and early 21° century, more than twice the rate of warming
average of the Northern hemisphere (Auer et al., 2007). These changes have also altered the amount and
seasonality of river flows, with significant impacts on water resource management, hydropower productivity
as well as agricultural activities. As temperatures rise, glaciers are melting, resulting in reduced water

availability in the summer months, affecting local agriculture and livestock farming.

The decrease in snow cover is also leading towards a reduction in soil humidity, which can have long-term
implications for vegetation and wildlife. The increase in extreme weather events, such as floods and
landslides, is causing significant damage to forests, resulting in loss of biodiversity and habitat for wildlife. In
terms of biodiversity, the composition and quantity of species have changed considerably in alpine
ecosystems: habitats for the establishment of previously absent species have opened or have been altered
as a result of reduced snow cover, retreating glaciers and thawing permafrost. This can negatively influence
the reproductive capacity of traditional animal and plant species, foraging and the predator-prey
relationships. The migration of some species to higher altitudes influenced by CC has often increased the
number of local endemic species with consequences on the impact of ecosystem services (hereinafter ES) on
supply, regulation, and culture. In addition, drier and warmer conditions increased the risk of forest fires,

seriously endangering alpine forests.

2.2 General socio-economic effects

CC significantly influences also the economic sphere of many inhabited areas which depend, to a large
extent, on the tourism and winter sports sector. The implications are already becoming evident due to
reduced snowfall and a shortening of the ski season, which has led to a decrease in tourism revenues,
oftentimes resulting in job losses and economic hardship for local communities. The increase in extreme
weather events, such as floods and landslides, has also damaged infrastructure, resulting in significant repair
and maintenance costs. Moreover, with the decrease in SWT, local communities are oftentimes experiencing

adecline in social cohesion as well as the loss of traditional lifestyles and viability.
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2.3 The Climate Action Plan

From a governance point of view, in the Alps the main strategic reference is the Climate Action Plan 2.0 of
the ALPCONV that operationalizes the objectives laid out in the Alpine Climate Target System 2050 (Alpine
Convention, 2019) and was adopted by the XVI Alpine Conference in December 2020. GHG emissions in the
Alps are to be reduced by 2050 (Alpine Convention, 2021). The Alpine states, representing a rich region at
the heart of Europe, albeit particularly sensitive to rising temperatures, are called upon to implement
measures in the field of energy efficiency and renewable energies, and to develop a climate-neutral
economy. This vision includes innovative approaches in terms of lifestyles and consumption patterns and the

introduction of a more sustainable approach in all economic sectors, as well as in private activities.

In particular, the Climate Action Plan seeks out synergies between different activities across sectors and
borders, closing the gaps between actions and activities in order to address CC. Sensitivity to CC and its
effects must be included in long-term decision-making processes to minimise negative effects on
ecosystems, communities, and local/regional economies, and to turn challenges into potential benefits.
Following this vision, the Alps should adopt a proactive and holistic approach, focusing on soft and green
adaptation measures, rather than defensive infrastructural measures. Soft interventions, focusing on raising
awareness and improving adaptive capacities at all levels, will enable the development of intelligent and
flexible approaches, in line with other planning and development processes. For example, the tourist regions
should reflect on aspects of new lifestyles and new demand, while integrating CC adaptation issues into their
planning processes. Ecological adaptation measures should focus on biodiversity, ecosystem-based

approaches, and green infrastructures.

2.4 Main impacts

2.4.1 Impacts on snow cover

Snow cover in high-altitude regions has strong effects on the Earth’s climate, environmental processes, and
socio-economic activities. Over the last 50 years, the Alps experienced a reduction of 5.6% per decade in
snow cover duration, which already affects regions where economy and culture revolve, to a large extent,
around winter activities (Carrer et al., 2023). Snow cover in the Alps is a complex phenomenon that varies
from year to year due to the natural variability of weather patterns, but there are some general trends that
have been observed over time. In recent decades there has been a decrease in snow cover in the Alps,
especially at lower altitudes. This is largely due to the warming of temperatures, which causes more

precipitation to drop as rain instead of snow and earlier melting of snowpacks.
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During the 20t century significant changes in amount and duration of snow occurred, which generally
exhibit a large degree of interannual and inter-decadal variability. Observational data show periods of snow-
rich winters (e.g., in the 1960s) and snow-poor seasons (e.g., from the 1970s onwards, the latter part of the
1980s until the mid-1990s). In some cases, particularly snowy winters seem to be correlated with the
positive (or warm) phase of the North Atlantic Oscillation (Beniston et al., 1997), although it is by no means
the only explanatory factor for snow variability in the Alps. For example, Scherrer & Kérner (2011) suggest
that half of the variability in Alpine snow cover is related to the establishment of blocking patternsin Europe,

which are not always related to the influence of the North Atlantic Oscillation.

As a 'rule of thumb', the average snowline level rises by approximately 150 m per degree Celsius, implying
an upward shift in the snowline of 300 to 600 m. However, it should be noted that this simple concept may
overestimate the snowfall limit rise, as it does not consider the effect of temperature inversions and cooling

due to melting precipitation (Unterstrasser & Zangl, 2006).

Although changes in precipitation patterns may also influence the abundance and geographic distribution of
snow, several studies have emphasised the fact that in a warmer climate, the temperature is likely to be the
dominant control on snow cover, and increased winter precipitation will not compensate for the large losses
in snow volume that higher temperatures will induce. However, assessing snow behaviour in complex
topographies may also involve interfacility techniques that allow the estimation of snow depth and duration
at a very local scale. Studies of (Steger et al., 2013), among others, have been shown to be a very effective
tool for assessing snow cover in the Alps. The general consensus implies, that a large reduction in snow
guantity and duration below 1,500 m altitude, and even above 2,000 m, can be reasonably expected in the

near future.

For higher altitudes, an increase in precipitation might lead to more snowfall in the central winter period, but
the snow season will shorten because of rising temperatures. Hereby snow will accumulate later in fall and
melt earlier and at a higher rate in spring (Gobiet et al., 2014). At the regional scale, the amount of snow will
be significantly lower across all seasons, especially in spring. By the end of the century, snow cover could
experience an elevation shift of 500 to 1,000 m, that is, the snow conditions in the year 2100 at an elevation
of 2,000 m will be as they are today between 1,000 and 1,500 m. If climate targets are achieved, that is, global
warming held below 2°C, this elevation shift could be confined to 250-500 m. According to Matiu et al.
(2021), snow cover in the European Alps decreased by 18% between 1971 and 2019. The study revealed
that this decline was most pronounced at the lowest altitudes, with a 34% decrease in snow cover, while
higher altitudes experienced a smaller decline of about 11%. This reduction in snow cover has significant

impacts on the Alpine ecosystem and economies, including effects on tourism, hydropower production and
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water resources. Furthermore, the decrease in snow cover may lead to an increased risk of natural hazards
such as landslides and avalanches (Gruber et al., 2004; Martin et al., 2001).

Glacier retreat in the Alps has seen an acceleration in recent decades, with some glaciers losing up to 3% of
their volume each year. Since the mid-19th century, the total area covered by glaciers in the Alps has
decreased by more than half and it is estimated that most of the remaining glaciers could disappear by the
end of the century if current warming trends continue. The trend of glacier retreat has already had a
significant impact on the Alpine environment. For example, the loss of glacier mass has caused changes in
river flows, with increased runoff in the summer months leading to a higher risk of flooding and water
shortages in the dry season. The disappearance of glaciers has also had a strong impact on the unique alpine
ecosystems that depend on these ice features, resulting in the loss of endemic species and biodiversity (Hock
& Huss, 2021; Salim et al., 2021).

In addition, glacier retreat poses a significant risk to human settlements in the Alps. Melting glaciers can
destabilise steep slopes and increase the risk of landslides and rockfalls. In addition, the loss of glacial
meltwater can affect the availability of water for irrigation, hydropower and drinking water in many Alpine
regions (Gruber et al., 2004).

2.4.2 Impacts on tourism

The Alps are — after the Mediterranean coast — the second most favoured holiday destination in Europe
(EEA, 2003). More than 100 million guests visit the Alps every year (Becken & Hay, 2007), generating approx.
386 million commercial as well as 123 million non-commercial overnight stays (Roth et al., 2016). Within the
regions of the AS, 15% of the labour force is directly or indirectly connected to the tourism sector (BAK,
2019).

Mountain tourism has the advantage of attracting diverse visitors throughout the year through a variety of
summer and winter activities, including mountaineering, hiking, cycling and snow sports (e.g., skiing,
snowboarding, sledding) (Romeo et al., 2021). Interestingly, some of the unique factors limiting economic
development opportunities in the high mountains are what attracts visitors of these regions (e.g., nature,
wilderness, topography, remoteness, climatic conditions). As a labour-intensive sector with several links in
the economic value chain, investments in tourism facilities can enhance mountain resources by attracting
visitors to mountain destinations (Keller, 2018). However, as mountain tourism facilities and activities rely
on alpine climate, topography, landscape and seasonal cycles, CC is having and will continue to have an
impact on current and future tourism development in mountain regions, affecting also the quality of life of

residents in tourism-dependent mountain communities (Scott et al., 2012).
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Since the 1970s SWT has expanded substantially. With an annual turnover of 50 billion EUR, the SWT
industry contributes significantly to the Alp's economy (OECD, 2007). In 2021, the Alpine countries counted
a total of 1,643 ski areas, the most part (more than 1,100) located in the Alps with more than 10,000 ski

installations, 85 % of which are in France, Switzerland, Austria and Italy (Vanat, 2022).

Being a rapidly growing sector, tourism has also the potential for negatively impacting the environment, in
particular regarding water quantity and quality: water consumption by tourists tends to be much higher than
that of local residents in holiday destinations leading to serious problems in dry summers with low water
regimes. In winter, technical snowmaking is currently the most widespread strategy to extend and
supplement natural snow cover and secure SWT. Technical snowmaking is not only very costly, but also has
knock-on effects such as increased water consumption and energy demand as well as ecological damage,

which may lead to negative externalities (Soboll & Schmude, 2011).

This includes potential disturbance of the hydrological cycle for habitats of high conservation value such as
bogs, fens and wetlands at high altitude. To serve all 28,500 ha of ski runs that use technical snowmaking
equipment (which is 0.15% of the total alpine area), 17-43 million m® of additional water supply would be
needed per year (EEA, 2003). For technical snowmaking, water is taken from natural lakes, artificial water
reservoirs, rivers or groundwater in a period of the year when the water level oftentimes is already low. Due
to future CC effects, conflicts between drinking water supply, energy production, agriculture and technical

snowmaking can be expected to increase (Reynard, 2020).

As CC accelerates, tourism professionals often assume that warmer weather and longer summer seasons
will lead to a simple shift towards increased summer activities in the mountains (Steiger et al., 2022). Some
studies, particularly in Europe, have demonstrated this extension of the summer tourism season (Prébstl-
Haider et al., 2021). However, the present review of existing climate research focusing on nature-based
tourism in mountain regions around the world, including - but not limited to - hiking and trekking, climbing,
cycling, bird and wildlife watching and camping, demonstrates that the impacts are broad, multifaceted and
non-uniform in terms of type and severity of impact. The main themes identified in the literature for summer
tourism in mountain environments are changing seasonality, climate attractiveness and subsequent
visitation, accessibility and risks, landscape attractiveness and biodiversity, as well as adaptation and

involvement.

Major summer attractions in mountain tourism destinations are already affected by the increased risk of
natural hazards and altered accessibility, both consequences of CC. In the Alps, retreating glaciers and
thawing permafrost are steepening ice and rock slopes and destabilising moraines. As a result, the risk of

debris flows, rock falls, ice collapses and glacial lake floods is increasing and more debris is accumulating on
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the surface of glaciers (Mourey et al., 2019). These hazards have increased the risk of tourists participating
in activities also in summer such as climbing and mountaineering and have the potential to damage and

destroy important tourism infrastructure such as trails and access roads (Gruber et al., 2004).

CC is also causing changes in the natural landscapes of the Alps, such as melting glaciers and receding snow
lines. This affects the aesthetics of the Alpine region and can be a deterrent to tourists coming to enjoy the
natural beauty. Rapid increases in temperature and reductions in snow cover due to CC have phenological,
temporal and geographical impacts on the flora and fauna of Alpine ecosystems (Theurillat & Guisan, 2001).
These interrelated changes emphasise climate-related and biodiversity-related crises that have a direct

impact on nature-based summer activities in mountain destinations.

Changes that affect the ranges, habitats and behaviour of alpine species, such as invasive species, result in
increasingly unfamiliar ecological contexts within which tourism operates. However, Sato et al. (2013) noted
that research on the impact of recreational ecology is neither sufficient nor does it keep pace with the
increase in summer use, the introduction of new high-impact activities such as off-road vehicles, or with

mountain resorts developing four-season activities (Walters & Ruhanen, 2015).

2.4.3 Impacts on nature and biodiversity

CC is having a significant impact on biodiversity in the Alps, with changes in temperature, precipitation and
snow cover affecting various species and ecosystems (Dullinger et al., 2020; Parisod, 2022; Scotford &
Marshall, 2023):

e Changes in species distribution: as temperatures rise, some species are moving to higher altitudes to
find cooler climates. This may lead to changes in the composition of plant and animal communities at
the different altitude levels within the Alps.

e Threats to mountain plant species: alpine plant species are adapted to cold and harsh conditions and
changes in temperature as well as precipitation may threaten their survival. Some species are already

becoming rarer or disappearing from the Alps altogether.

e Increased risk of invasive species: as the climate warms, non-native animal and plant species that were
oncerestricted to lower latitudes can now thrive in the Alps. These invasive species may outcompete

native species, reducing biodiversity.
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e Threats to mountain animals: changes in temperature and snow cover can affect the availability of food
and habitat for mountain animals, such as hares, mountain goats and ibex. These changes can also

affect migration and hibernation times, with cascading effects on ecosystems.

e Threats to freshwater biodiversity: changes in temperature and precipitation can also affect freshwater
ecosystems, which are important for the survival of many species in the Alps. Rising water
temperatures can reduce the oxygen available to fish and other aquatic organisms, while changes in

snowmelt patterns can alter the timing and amount of water available to these ecosystems.

The intrinsic value of biodiversity, beyond any direct human interest, is widely recognised, as it influences
the provision of vital ES for humanity. It is generally assumed that maintaining the integrity and health of
ecosystems supports the provision of ES. Loss of biodiversity implies loss of services and thus a reduction in
human well-being. In the past, degradation of ecosystems has been shown to adversely affect human well-

being (Millennium Ecosystem Assessment, 2005).

The Alps constitute an ancient cultural landscape with socio-ecological properties not found elsewhere on
the planet. Society and nature in these mountains have co-evolved to form a unique and closely linked
network of interactions, attracting people temporarily as tourists or permanently as migrants from near and
far. Among the European mountains, the Alps, together with the Pyrenees, are the richest in plant species
(Véare et al., 2003). They are home to around 4,500 plant species, accounting for more than a third of the
recorded flora in Europe, with almost 400 endemic plants (prevalent in a particular area or region)
(Theruillat, 1995). Plant biodiversity is particularly concentrated in the Alpine regions. The area above the
tree line represents only 3% of Europe's total surface area but is home to 20% of its plant species richness
(Thuiller et al., 2005). The fauna of the Alps includes up to 30,000 species (Chemini & Rizzoli, 2003).

CC and intensive agricultural practices are already threatening a number of unique species and habitats.
Habitat loss, fragmentation, changes in agricultural practices and pollution act in concert with CC and are
among the most significant reasons for biodiversity loss in the Alps. Rising temperatures and changing
precipitation regimes (i.e., generally less precipitation in summer and more in winter), as well as increased
climate variability and extreme events, will further affect natural and socio-economic systems and sectors
in the Alps.

2.4.4 Impacts on ecosystem services (ES)

The ES approach provides a framework for understanding the interconnections between sectors in relation
todirect (e.g., forestry) or mostly indirect (e.g., industry) dependence on the environment. In recent decades,

we have moved from a conception of humans as reactive towards the environment (prior to the 1980s), to a
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conception of environmental crises as caused by humans (1980s), to a conception of environmental crises as
caused by socio-natural interaction (1990s) (van der Leeuw, 2001). In the current decade, we have begun to
understand human crises also as caused by socio-natural interaction. A change in our environment can be
considered a crisis when it threatens our livelihood or well-being. An environmental crisis often leads to a
human crisis (Schréter, 2009). Humans depend on ecosystems because they depend on ES (de Groot, 1992).

According to Common International Classification of Ecosystem Services (CICES) classification (Haines-

Young & Potschin, 2018), four types of ES can be distinguished:
e life-supporting services, cycles of nutrients, soil and primary productivity;
e provisioning services (food, water and materials);
e regulation services (e.g., climate, pollination, pests);
e cultural services (including artistic, spiritual, educational, but also leisure-related services).

Each of these mountain ES makes a specific contribution to lowland and highland economies. Traditionally,
the effects of global changes on ecosystems (including CC) have been analysed separately from the effects
on food and fibre production, health, recreation, settlements, etc. In contrast to this view, the concept of ES
leads to the recognition that ecosystems mediate global change (Schréter, 2009). Therefore, environmental
impacts of global change can increase human vulnerability by altering the provision of ES, which are crucial

for human well-being.

Cultural ES are also of particular importance for Alpine populations. Afforestation is the process of creating
aforest on land that is not a forest or has not been a forest for a long time, by planting trees or their seeds.
The term afforestation generally refers to the reconstitution of the forest after its removal, or the planting
of other trees, e.g., from a timber harvest. People and nature have evolved over the centuries to form a
diverse entity that is world-renowned for its cultural and natural richness. This fame attracts tourists from
the plains of Europe and further, creating an intense tourism industry in summer and winter and reshaping
the Alpine landscape. To put this relationship back on a sustainable track, in addition to direct human
impacts, the impacts of CC on cultural ES must be considered, with particular reference to dependence on

Alpine water resources. The Alpine landscape is changing and with it the cultural services it provides.

2,45 Impacts on key infrastructures

Alpine mountain areas (with very few exceptions) are not only suffering the negative effects of CC, but in

recent years many are also facing a very serious trend of depopulation (Batzing et al., 1996; Corrado, 2014).
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This has led to a wide range of issues: hydrogeological risk on the territory, loss of biodiversity, cultural
values and the landscape, the disappearance of the necessary conditions for those who have remained to
inhabit the mountains, or, on the contrary, unsustainable development models characterized by intensive
exploitation of the territory for tourism purposes (Maino et al., 2016). Thus, the combination of CC and the
progressive abandonment of the highlands negatively affects the care and maintenance of the territory, also

endangering the main human infrastructure.

Many Alpine areas have experienced strong development in the sector of tourism during the last decades.
This is the cause of a very rapid building of tourism infrastructures (buildings, roads, facilities, ...) and a
booming increase of second homes. Recently, due to the concomitance of pandemic and CC, several areas
saw areversal of this trend, leading also to an abandonment in the tourism sector: Hotel complexes, buildings
linked to the skiing industry, colonies, as well as border stations, have been left without a perspective.
Between the more frequent causes of the abandonment there is the change of the tourism demand
connected to the decrease of the snow cover, the necessity of large reinvestments of modernization, lack of
technical adaptations, not weighted choices regarding the tourism flows, as well as speculations, which

translated into the abandonment of structures before being used.
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3 Snow & winter tourism and its importance for
Alpine Space regions and countries

More than 100 million tourists visit alpine tourism destinations every year (Becken & Hay, 2007). In 2022
within the provinces of Tessin, St. Gallen, Graublinden, Bavaria, Vorarlberg, Tyrol, Salzburg, South Tyrol,
Trentino, Sondrio and Belluno 123.4 million overnight stays were registered in commercial accommodation
facilities (ASTAT, 2023). The European Alps are one of the top travel destinations in the world. The region is
approximately 1,200 km long and 150-250 km wide, with altitudes ranging from 2,864 meters in Slovenia to
4,810 meters in France, where nature and culture provide unique attractions to the visitors (Bausch &
Gartner, 2020). While summer had usually represented the core of Alpine tourism, over the years winter has
become the main source of income for a large number of Alpine tourism destinations (Tranos & Davoudi,
2014). Today, winter sports, especially downhill skiing, and snowboarding, are at the centre of many alpine
resorts, also due to the investments in lifts, ski lifts and snowmaking machines which allowed to extend ski
areas and made it easier for people to use previously inaccessible slopes. As a result, modern ski resorts
require significant capital investment in technical infrastructure (Bausch & Gartner, 2020). Today, the
countries within the Alpine region are the largest inbound ski market on the planet, capturing 40% of
worldwide attendance (Vanat, 2022). With more than 10,000 lifts in total, the region is also among the most
equipped in the industry and is home to some of the major players in the ski business. Precisely, the region
accounts for 37% of ski resorts worldwide and 80% of major resorts, which translates to 1 million skier visits
per winter season (Pede et al., 2022).

31 ltaly

Mountain tourism in Italy accounts for a significant share of the Italian GDP. Before the Covid-19 pandemic,
around 13% of yearly overnight stays were in mountain areas, while foreign tourists’ expenditure for
mountain vacations was reported to amount to almost 2 billion € in 2019 (Mariani & Scalise, 2022).
According to (Confcommercio, 2023) (the Italian General Confederation of Enterprises, Professions and
Self-Employment), 12 million Italians chose the mountains in the first quarter of 2023, 7.5 million of which
stayed for a week or a slightly shorter period, whereas the remaining 4.5 are day trips. The average
expenditure was 540 € per person. Almost 9 out of 10 holidaymakers chose domestic destinations. The
Alpine arc was the main focus, first and foremost the destinations in Trentino-Alto Adige/South Tyrol,
followed by Lombardy and Valle d'Aosta, but with good performances also in Piedmont, Veneto and Friuli.
However, there was quite a stark heterogeneity among the Italian alpine regions in terms of attendance. For
instance, in 2013 the tourism destinations in Trentino-Alto Adige/South Tyrol hosted 44.4% of the Italian
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mountain tourists, followed by Lombardy (10.5%), Veneto (7.9%), and Piedmont (6.3%) (Alpine Convention,
2013). Considering the internal flows of tourists within Italy, the choice of the Alpine regions as the main
mountain destination is mainly connected to the opportunity of practicing winter sports and the natural
heritage. It influences 35.8% of Italians for visiting the Italian mountain destinations, followed by mainly
practical reasons such as the availability of holiday-homes (16.5%) (Alpine Convention, 2013). Nonetheless,
also influenced by the Covid-19 pandemic, based on the changing customer preference, a diversification
beyond skiing is ongoing especially in terms of new sports in different seasons (such as mountain biking),
cultural and food initiatives, wellness and trekking. These activities played also a role in the increase of the
number of overnights after the year 2020 (Marasco et al., 2022). Another trend of Alpine tourism reinforced
by the pandemic concerns the incidence of foreign demand. Over the last two decades, in fact, the presence
of foreigners in the Alpine regions has increased significantly in general, with the sole exception of the
Province of Bolzano where it was already very high. Thanks to the traditional attendance of German tourists,
who accounted for almost 50% of total overnights before the pandemic (Marasco et al., 2022). When taking
into account data from 2021, it is possible to notice that the foreign incidence has increased by about 10%
in the Italian alpine provinces in 2019 compared to the year 2004 (excluding Bolzano), a significant growth
if considering that mountain tourism destinations have always been a destination with a predominantly

domestic demand (Marasco et al., 2022).

The Italian ski industry is quite fragmented with no major operator and there are considerable territorial
differences. For example, the Trentino-Alto Adige / South Tyrol region alone accounted for approx. 80% of
the overall tourist attendance in the Italian Alps in 2018 (Morvillo & Becheri, 2020). This region hosts some
of the most dynamic players in the European ski industry, such as the Dolomiti Superski area featuring 450
lifts and 1,200 km of trails and representing about 35% of all Italian skier visits offering a high level of
infrastructure and state-of-the-art lifts and snowmaking facilities under its common brand name (Vanat,
2022). The resorts making up the Dolomiti Superski area accounted for a total of almost 5 million daily entry
tickets in the 2021-2022 winter (Marasco et al., 2022), whereas the total number of entries of the 30 largest
ski resorts in Italy was close to 300 million in 2019, with a 2% increase compared to the previous year
(Morvillo & Becheri, 2020). Over the last years, it has been estimated that the best performance in terms of
tourist attendance in winter belongs with increasingly to resorts at higher altitudes in comparison to the
ones at a lower altitude. This is connected also to better facilities and snowmaking capacity, as well as more
snow abundance. For instance, a significant increase was recorded in Livigno (+26,7%), Cervinia (+23%), La
Thuile (+17,5%), Adamello Ski (+8%), Alta Pusteria (+7,9%) and Madonna di Campiglio (+7,4%), while a
decrease is visible in the small-sized resorts of Mondolé Ski (-18,9%), Bardonecchia (-16,6%), Civetta (-9,3%)
and S.Martino di Castrozza (-5,3%) (Morvillo & Becheri, 2020). In general, most of the small Alpine and pre-

Alpine STDs participate only marginally to the winter tourist development being situated at low altitudes,
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with small ski areas and old facilities. They consist mainly of destinations in which facilities are generally co-
financed by the Public Administration, favoring seasonal tourism (Alpine Convention, 2013). At the same
time, it becomes apparent that local communities tend to be strongly dependent on the income from such a
spatially concentrated and agglomerated economic sector (Mariani & Scalise, 2022). As a result, the
development of tourist accommodations is often undertaken by the local population, which resulted in many
small family-owned hotels and the letting of guest rooms in residential houses (Polderman et al., 2020). This
decentralization allows for a good status of the skiing infrastructure maintenance: from 2002 to 2009 20%
of the lifts were removed and a further 20% have been renewed, for a total of 445 new lifts (Vanat, 2022).
However, a recent report from Legambiente has shown the degradation of many skiing resorts all over the
country: by considering only the Alpine regions, in 2021 it was possible to map 91 resorts that were
completely neglected and/or fallen into disuse, 24 that were temporarily closed, and 18 that survived solely
thanks to heavy injections of public money, mostly in small stations that exhibit a high economic and snow

safety vulnerability in the short and medium term (Legambiente, 2022).

3.2 France

With approximately 55 million skier visits annually, France ranks among the top ski tourism destinations in
Europe. The French Alps account for more than 80% of the country's total annual skier visits and for 204
winter sport resorts (Berard-Chenu et al., 2021; Rech et al., 2019), with 7 out of the world's 20 most
frequented stations located in its northern part (Alpine Convention, 2013). It has been estimated that the
Country’s ski area exceeds 1,100 km? (Moreno-Gené et al., 2018). The largest and most attended ski areas
in France are primarily located in Savoie and Haute-Savoie, with a few that are spread between Isére and
Alpes du Sud (Vanat, 2022). The ski industry provides significant employment opportunities, contributing to
about 8% of tourism employment in the French Alps with around 120,000 jobs and generating
approximately 6.5 billion EUR in tourism expenditures (Berard-Chenu et al., 2021, 2022). In 2013, the
French Alpine tourism stations accounted for between 20% and 25% of total mountain tourism jobs in the
region (Alpine Convention, 2013) and some studies concluded that financial profitability in French resorts

tends to be higher compared to those in Italy and Austria (Moreno-Gené et al., 2018).

The ski industry in France has been shaped by far-reaching political decisions, including subsidies for
sustainable ski resorts and the implementation of snowmaking equipment. In the 1980s, major French
resorts underwent a transformation, with integrated operations being dismantled and lift operations
distributed among multiple actors. This led to the establishment of the Compagnie des Alpes, which became
the world's largest ski resort operator for a considerable period (Vanat, 2022). France stands out as the only

European country with such a dominant operator running nearly all major resorts. Compagnie des Alpes
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operates 12 large Alpine resorts, totaling around 15 million skier visits (Vanat, 2022). Additionally, there are
smaller operators such as Labellemontagne and Altiservice, while Savoie Stations Participation, a
public/private company, holds interests in 17 ski areas (Vanat, 2022). Ski lifts in France are considered a
public service, and some operating companies are partially owned or directly managed by municipalities.
Supervision of ski lift installation and operation in France is handled by the STRMTG ("Services Techniques de
Remontées Meécaniques et Transports Guidés"), a public service company ensuring safety control and

authorizations for ski lift operations (Spandre, Francois, Verfaillie, Pons, et al., 2019).

The French ski industry has experienced profound changes over the years, including shifts in demand,
changes in governance, and the impact of CC (Spandre, Francois, Verfaillie, Lafaysse, et al., 2019). France,
being a leading destination in global tourism, primarily relies on the domestic market for its ski industry,
which has nonetheless reached maturity, showing a slight declining trend in skier visits since the winter
season of 2012/13. To compensate, around 2 million foreign skiers visit France each winter season (Vanat,
2022). The French Alps hold 84% of the country's 3,300 ski-lift facilities, which represent 18% of global
capacity (Rech et al., 2019), supporting a significant portion of direct and indirect employment in mountain
communities. Snowmaking has been a key development, although studies differ on its impact on skier visits
in French resorts. Over the 1997-2018 period, snowmaking investments in the ski resorts of Savoie
represented 35% of the snowmaking investments made in all French ski resorts while, regarding turnovers
of major snowmaking companies operating in the French market over the 2012-2019 period, the
snowmaking market was estimated to be worth about 35 million EUR per year (Berard-Chenu et al., 2022).
At the same time, (Falk & Vanat, 2016) had previously estimated that above 6.5 million EUR invested,

cumulated snowmaking investment does not lead to higher skier visits in French ski resorts.

The French Court of Auditors recently criticized some recent policies due to natural snow depth records and
climate projections, highlighting the challenges faced by decision-makers at various levels due to the lack of
appropriate information (Spandre, Francois, Verfaillie, Lafaysse, et al., 2019). In terms of resort
management, 63 out of 139 ski resorts in the French Alps are publicly managed, accounting for 15% of the
total ski lift power (Berard-Chenu et al., 2021). Similarly to other European alpine Countries, there is a
dichotomy between large, prosperous resorts with extensive ski areas at higher altitudes and smaller resorts
facing a decline in customers at lower altitudes (Rech et al., 2019). Another notable characteristic of French
resorts, particularly the purpose-built ones, is the prevalence of apartment housing in respect to hotels
(Vanat, 2022).
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3.3 Switzerland

In Switzerland, the Alpine tourist source markets have always played a significant role in the tourism sector,
accounting for approximately half of the total overnight stays in the country in 2010 (Alpine Convention,
2013). While winter tourism is focused on specific destinations such as Zermatt, St. Moritz, and Davos for

foreign visitors, domestic tourists tend to prefer smaller stations (Leimgruber, 2021).

As resorts diversify their offerings to compensate for uncertainties in snow cover, tourism promotion has
evolved to include a wider range of activities beyond skiing, such as snowshoe tours, walking, and wellness.
Although tourism contributes 2.9% to Switzerland's Gross Domestic Income, it is not a primary driver of the
national economy, which is dominated by manufacturing and financial services (Leimgruber, 2021).
However, the tourism sector plays a significant role in creating employment opportunities, particularly in
outlying mountain regions with structural underemployment (Gonseth & Vielle, 2019). In the Swiss
mountain regions, winter tourism and the cableway industry are crucial, generating more than 80% of
income during the winter season in many places (Lichtensteinische Landesverwaltung, 2023). For instance,
the Swiss cable cars, which contribute to the winter tourism sector, generated revenues of 758 million CHF
during the 2018/19 winter season, underscoring their substantial economic value (Vorkauf et al., 2022).
However, Swiss ski areas have experienced changes in their foreign customer base over the years. While
there has been an increase in Spanish, Russian, and Asian customers, this has not compensated for the
decline in Switzerland's traditional foreign customer base, which has led to a decrease in overnight stays by
1.5 million (Vanat, 2022). Consequently, the proportion of foreign guests on the slopes has dropped below
the 40% mark (Vanat, 2022). Starting in the early 2000s, Switzerland faced a period of stagnation followed
by a decline in winter tourism, despite efforts to improve snowmaking facilities and lift infrastructure.
Unfavorable snow conditions occurred for three consecutive years, starting from winter 2014/15, which
affected many resorts during the Christmas and New Year holidays (Vanat, 2022). However, the winter
season of 2017/18 experienced better conditions, resulting in a 10.3% increase in attendance figures
compared to the previous season. The 2018/19 season also saw a growth of 6.2% in skier visits, which
represented a recovery but did not fully compensate for the 25% decline in skier visits over the previous
decade (Vanat, 2022). In response to the changing landscape, several ski areas in Switzerland adopted
disruptive pricing strategies to attract customers and recover their market share. The introduction of heavily
discounted season passes by Saas-Fee and the collaboration of 25 Swiss ski areas in offering the Magic Pass,
a multi-resort season pass, resulted in increased skier visits by 30% and outperformed the Swiss average
(Vanat, 2022).
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3.4 Liechtenstein

Given the small size of the Country, winter tourism is not as developed as the neighboring States.
Liechtenstein has only one single ski resort, Malbun, which is located south-east of the capital Vaduz. The
resort itself is tiny, with only a handful of hotels amongst the private chalets and houses, and it is equipped
with 5 lifts that rise to a maximum altitude of 2000 meters (Vanat, 2022) In the winter season 2022/23
(months November 2022 to April 2023), guest arrivals and overnight stays in the hotel industry increased
compared to the previous year. Hotels in Liechtenstein reported 35,880 guest arrivals and 73,263 overnight
stays for the winter season 2022/23. In the winter season of the previous year, there were 29,226 guest
arrivals and 66,043 overnight stays. The number of overnight stays thus increased by 10.9% compared to
the previous year. However, at the alpine hotels in Steg and Malbun, 29,739 overnight stays were recorded:

this is a decrease of 2.6% compared to the previous year (Lichtensteinische Landesverwaltung, 2023).

3.5 Germany

The German skiing landscape comprises approximately 500 ski areas, catering to Europe's largest
population of skiers, which exceeds 14 million individuals (Vanat, 2022). However, nearly half of these areas
consist of single-lift facilities, and Germans tend to carry out their skiing activities abroad. For instance,
German citizens represent the largest foreign customer base for Austrian resorts (Vanat, 2022). The
prominent ski resorts in Germany are situated along the southern border of the Black Forest and in the
Bavarian Alps, which share borders with Switzerland and Austria. These regions encompass the German
Alps, the Harz Mountains, the Black Forest, the Bavarian Forest, and the Thuringian Forest, characterized as
middle-altitude mountains reaching heights of up to 1,500 meters above sea level (Vanat, 2022). In
particular, Alpine tourism plays a crucial role in the overall tourism sector of Bavaria, which serves as a year-
round travel destination, with around 60% of overnight stays occurring during the summer months (May to
October) and 40% during winter (November to April) (Alpine Convention, 2013). Nature and active tourism,
such as hiking, biking, and winter sports, health and wellness tourism, as well as cultural tourism, form
significant segments of overnight stays and same-day journeys in the Alpine areas (Alpine Convention,
2013). Unsurprisingly, the two largest ski resorts in Germany are located in the Bavarian Alps, in the
southernmost part of the Country at the border with Austria. The first one is Zugspitze, which is located near
the town of Garmisch-Partenkirchen with around 20 km of runs covering an area of 2.4 km? (Vanat, 2022).
The Zugspitze itself is the highest peak in Germany, reaching an elevation of about 2,962 meters. The second
is the Sudelfeld ski area, spanning the municipalities of Bayrischzell and Oberaudorf, and it is part of the
regional tourism association Alpenregion Tegernsee Schliersee (ATS). With an area of 2.3 km? and an

average altitude of 1,216 meters, it falls within the average altitude range of German ski areas (Vanat, 2022).
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Bayrischzell, situated in close proximity to Munich, serves as a crucial destination for daily ski visitors for
over 4 million inhabitants within a one-hour drive catchment area (Vanat, 2022). In both resorts, during
winter seasons, approximately 78% of ski tourists are day guests, while overnight guests primarily originate
from Germany (around 80-85%) and the Netherlands (approximately 5-10%) (Witting & Schmude, 2019).
The average length of stay for overnight guests during the winter season is around four days, with hotels,
holiday flats, and guesthouses being the top three lodging choices (Witting & Schmude, 2019). Over the past
four years, winter overnight stays have ranged from 62,910 (2014/15) to 69,079 (2016/17) (Witting &
Schmude, 2019). In comparison to Austrian and Swiss resorts, ski areas in Germany often occupy lower
altitudes, leading to a higher susceptibility to snow conditions (Vanat, 2022), especially when considering
that winter (sport) tourism holds significant economic importance for the German low mountain range and
alpine destinations. To mitigate the meteorological risk, resorts have made significant investments in
snowmaking systems. Over the past decade, ski visitor figures in Germany have followed a similar trend to
those in the Alps, with the exception of an exceptional season in 2012/13. Between 2014 and 2017, winter
vacations in Germany during November and March ranged from 8.8 million to approximately 10.4 million,
and Alpine destinations accounted for a share ranging from 18.3% to 20.7% of these winter holidays (Bausch
& Gartner, 2020).

3.6 Austria

Compared to other industrialized countries, tourist intensity in Austria is particularly high: in the face of 8.98
million inhabitants, there are 68,600 tourist accommodation facilities offering more than 1.15 million beds
(Statistik AT, 2023a, 2023b). In particular, winter tourism represents a paramount share of the overall
tourism sector, as it accounts for nearly half (48%) of annual overnight stays - with the 2018/19 winter
season (November to April) recording 73 million overnight stays (Osterreich W, 2019). The economic
importance of tourism in winter is even higher in terms of tourist spending, since winter tourists spending
(€184/day) is higher than summer tourist spending (€160/day) (Osterreich W, 2018). Furthermore, Austria

has a larger proportion of returning tourist (77%) for winter tourism.

Austrian operators have spent more than 6 billion € in the past ten years in terms of skiing infrastructure,
with almost 800 new lifts have been built between 2000 and 2020 (Vanat, 2022). Moreover, there have been
huge investments in snowmaking: with a yearly expenditure of 140 million € over the last 10 years. Now
more than 60% of slopes are served by snowmaking infrastructure (Vanat, 2022). Although around 66 % of
overnight stays occurred in ski areas (namely, with at least three ski lifts), demand in ski resort destinations
is not homogeneous throughout the country, as it has been falling in southern regions such as Carinthia and

increasing in western regions such as Tyrol (Firgo & Fritz, 2017; Fleischhacker, 2018). As an illustration,
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investments for winter season facilities in Tyrol aggregate to 2.79 billion € over the seasons 2009/2010 to
2018/2019 (Bausch & Gartner, 2020). That this region, with 79 ski areas and 480 major lifts, accounts for
nearly half of Austrian skier visits (Vanat, 2022). The main activity is downhill skiing (59%), followed by
winter hiking (13%) and snowboarding (9%), with 3% of winter visitors using cross-country skiing as a winter
vacation activity (Steiger et al., 2020). Despite the second-largest ski area in the world, with 54.2 million
skiers coming every year, the proportion of alpine skiing in Austria dropped from 65% to 59% in 2018
compared to 2012, while the proportion of winter hiking increased from 10% to 13% during the same period
(Vanat, 2022). Moreover, skier visits have grown by an average of just 0.4% over the past decade, and this
minor increase is typical for the late phase in the product and destination life cycle which is associated with

an increasing competition (Steiger et al., 2020).

3.7 Slovenia

Slovenia represents a special case in tourism development in the Alps because its infrastructure was quite
insufficient when the country was part of the Federal People’s Republic of Yugoslavia, and tourism only
played a marginal role in economic terms. However, tourism has been one the highest growing and
increasingly competitive sectors over the past 20 years (Vanat, 2022), and winter tourism regions have
undergone a shift towards modernization of available tourism infrastructure (Polderman et al., 2020).
Changes in the volume of tourism demand were, above all, related to the decline in foreign tourist visits
during the 90s, while domestic tourism remained stable or even slightly increased. The most attractive area
for winter tourism is that of the Julian Alps due to the appealing mountain landscapes as well as
opportunities for outdoor recreation mainly related to alpine skiing. Some communities in the Julian Alps are
even more dependent on foreign tourism than the coastal region such as Slovenian Istria, where summer
tourism is prominent. As an example, the resort of Kranjska Gora witnessed a total of 828.000 overnight
stays in 2019 in almost 6,000 available beds offered across 186 accommodation establishments, of which
85% were represented by privately owned apartments (Kos¢ak et al., 2023). After the breakup of Yugoslavia,
the Julian Alps' share of Slovenian tourism fell from 23.4% in 1990 to 17.8% in 1992, and by 2010, the
proportion of tourist overnights spent in the region was about 20% (Cigale, 2019). Changes over the past
decade have led to a significant increase in the share of the Julian Alps, as it even reached 24.5% in 2018
(Cigale, 2019). Today, Slovenia hosts 44 resorts with a total of 200 ski lifts (Vanat, 2022).

However, it is important to underline how specific microclimate and topographical factors affect the
Slovenian Alps in winter: for instance, the mountains are not high in elevation, and the influence of the
Mediterranean Seais reflected in the high precipitation, which is especially evident in the western, southern,
and southwestern regions of the Slovenian Alps (Ogrin et al., 2011; Vanat, 2022). The influence of the sea is
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very pronounced in terms of higher temperatures in the south-facing mountains compared to the
temperatures in the north or closer to the interior of Slovenia, and this effect is especially pronounced in
winter. The effects of CC have added up to this scenario, and this led to the significant change in snow
conditions at lower elevations (Ogrin et al., 2011), with the consequent need for resorts to introduce snow-
making facilities as the main mitigation strategy (Polderman et al., 2020). For instance, the ski resort of
Cerkno is fully served by an extensive snowmaking system that allows for a minimum of 70 ski days per
winter (Vanat, 2022). This can be a problem for the smaller snow resorts which are present in alarge number.
In 2013, only 16% of ski resorts in the Country had more than five ski railways and more than 5km of ski
slopes (Alpine Convention, 2013) and they may suffer extensively if the amount of skiing days per winter fall
under 60 (Ogrin et al.,2011). Winter tourism remains steady despite issues related to unreliable snowpack.
Its survival is achieved through investments in snowmaking equipment and the fact that in most cases

summer has traditionally been of equal (if not even greater) importance in comparison to winter (Cigale,
2019).
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4 Tourism destinations and the four generations
of ski resorts

The growth of SWT and the development of many SWT destinations in the Alps date back to the beginning
of the 20™ century. During the last century, SWT in the Alps knew different steps. In order to offer an
interpretative scheme of this evolution, many researchers have focused their attention to the birth,
development and adaptation of different Alpine ski resorts during time. In particular, a model of four
generations of ski resorts can be found in literature (Lovato & Montagna, 2012). Although the archetypes
derived from the model are diachronic, there are temporal overlaps in the development of ski resorts,
because of the territorial specificity of the different Alpine countries which have affected the process and

the dynamics of construction.

4.1 First generation of ski resorts

The first generation of ski resorts refers to those resorts that already experienced a good development of
Alpine summer tourism due to their connection to wellness and health treatments between the end of the
19t and the beginning of the 20" century. With the development of skiing as a sport, they added the winter
season to their offer from the 1930s onwards. These resorts developed around an original core constituted
by mountain villages and their historical activities, i.e., agro-pastoralism and handicraft. These activities were
oftentimes progressively abandoned by the mountain dwellers who started to devote themselves to the
tourist economy by becoming mountain guides, ski instructors and hoteliers (Parisi & Andreotti, 2010). It
was therefore a spontaneous and internal evolution, sustained by individual initiatives of local
entrepreneurs who built accommodation facilities. They were inspired by the previous model of the thermal
destinations for the wellbeing and health of the European élites, offering a high standard of services and a
good integration with the pre-existing urban fabric, constituted by historic buildings. However, there is no
lack of cases in which the new accommodation structures were isolated from the original villages, for

example the Grand Hotels, today historical architectural examples of the Art Nouveau style.

In general, the location of these destinations is determined by the accessibility of that time (especially the
railway), which became an integral part of the tourist offer (e.g., Swiss trains, funiculars, ...) (Lovato &
Montagna, 2012). The most striking examples are Chamonix, St. Moritz, Cortina d'Ampezzo, Courmayeur,

Gressoney, Val Gardena, Val Badia and Madonna di Campiglio.
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4.2 Second generation of ski resorts

This development was followed by the second generation of ski resorts (1950s-60s), built at higher
altitudes, where there were no stable inhabited villages but scattered houses or only shelters for the
shepherds, utilized during the summer ascent of the transhumance practice. An ante litteram example of this
development is given by the Sestriere ski resort, at 2,035 meters a.s.l., established as a municipality in 1934
where until that there were only the pastures for the flocks and herds of the communities of the Val Chisone
and Alta Val di Susa. The construction of Sestriere redefined not only the local topography and toponymy,
but also territorial belonging. The infrastructure of the second-generation resorts is functional to the
practice of skiing, a sport that has become popular over time. In these resorts, first the slopes are developed,
close to ancient mule tracks that have been transformed into real roads, and then the hotels, which are built
directly on the slopes. Investors are mainly external and aim at mass tourism, also favoured by the
development of the road infrastructure and highway network. They choose areas close to urban centres,
which constitute the target market, but outside existing mountain villages in order to have fewer constraints
related to property and urban plans (Lovato & Montagna, 2012). Many of these projects were born at higher

altitudes, where it is often possible to ski even in the summer months due to the presence of glaciers.

Their proximity to the urban areas results in a high visitor frequency mainly during weekends, which can lead
to the phenomenon of uncontrolled construction of second homes. Examples of this generation are:
Chamrousse, Alpe d'Huez, Stelvio and Passo del Tonale. Deviating from previous models are the
interventions pursued in Tyrol and in the Province of Bolzano, based on the search for an 'organic model':
The choice of preserving the traditional settlement structure at the bottom of the valley integrated and
revitalised by tourist activities; on local scale management under strong control of the administrations with
liftts of small dimension; a limitation of second homes by encouraging hotel accommodation structures in

their various forms.

4.3 Third generation of ski resorts

From the French stations in Savoy, the third generation of ski resorts subsequently started. In the 1970s,
the first and the second-generation resorts began to show weaknesses. The third-generation ski resorts
were the result of the various snow plans of the French governments from 1964 to 1977, which aimed to
democratise skiing and winter sports. This led to major investments by big companies that entrusted town
planners and architects with the design of entire destinations focusing especially on the necessities of skiers.
The newborn “snow towns”, were constructed where nothing existed before but nature. Placed at altitudes

above 1,500 meters a.s.l., they were designed as large residential complexes equipped with all the services
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required by the tourists (sports complexes, shopping centres, etc.) and with a direct connection to the slopes.
Examples of architectural experimentation, they have suffered a certain coldness and inability over time
which make a reconversion to summer tourism extremely challenging, resulting into “ghost towns” for many
months during the year. The most exhaustive examples are, as mentioned, those of Savoy, with the resorts

of Tignes, La Plagne, Flaine, Les Menuires, Avoriaz, and Les Arcs.

4.4 Fourth-generation ski resorts

A decade later, the fourth-generation ski resorts, also known as integrated destinations, were developed as
anevolutionary response to the previous generations: located at lower altitudes (never above 1,400 metres),
they are characterised by greater attention towards potential environmental impacts, influenced also by the
development of environmentalist movements, as well as greater care for architecture. The attempt in
designing an integrated destination is to avoid modularity and large hotel complexes in order to recreate
some architectural features of mountain villages. These destinations are often built next to some ancient,
often depopulated, settlements. Unfortunately, many of these ski resorts are now suffering from “the vrai
faux tyrolean chalet” effect. This translates into the manifestation of an artificial effect in comparison to
ancient villages. The most famous examples of the fourth generation can be found in the French Alps:
Valmorel and the Aigues Blanches district (Parisi & Andreotti, 2010). But there are also Swiss examples, such
as the bigger ski resort of the country, Verbier. In Italy, one of the most conspicuous example is the Asiago
Plateau. In addition, the modest success of integrated destinations prompted architects to design more
human-scale settlements through the renovation of old Alpine villages. New, modern technological
applications were inserted into old houses, which were largely remodelled (Bermond, 2018). In this spirit, a
number of peripheral villages in Bardonecchia and Courmayeur in the western Italian Alps have also been

redeveloped.

With the evolution from the first to the fourth generation, the management model of the resorts themselves
has also changed, moving from a community model, based on local management of the tourism sector, to a
corporate model, managed by holding companies and multinationals as well as corporations (Flagestad &
Hope, 2001). At the same time, there is a strong tendency towards expanding the areas at high altitudes
dedicated to alpine ski slopes, with the construction of new cable cars, gondolas and ski lifts. Following the
historical examples of the Funivia dei Ghiacciai cableway from Courmayeur to Chamonix and the domaine
Cervinia-Zermatt, many of them have taken on a cross-border dimension, such as from Sestriere to
Monginevro (Via Lattea), from La Thuile to La Rosiere, from Bardonecchia to Valle Stretta, or trans-regional

dimension, such as the Monterosa Ski complex, from Champoluc to Gressoney, to Alagna Valsesia.
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