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1. Introduction  
Environmental sustainability has emerged as one of the most critical and complex challenges facing 

the contemporary world. This issue, central to many of the United Nations' Sustainable Development Goals 
(SDGs), manifests in various forms, including climate change, carbon emissions, waste management, and the 

degradation of natural ecosystems. In addition, the use of scarce resources, such as water and energy, and the 

impact of modern living and tourism on biodiversity are pressing concerns that demand immediate and 

sustained attention. The interplay between these factors highlights the urgency of addressing environmental 

sustainability across all sectors of society, including winter sports, physical activity, education, and outdoor life. 

The impact of winter sports and outdoor activities on the environment is significant and complex. Most 

of the research available focuses on alpine skiing and snowboarding, with limited information on other types of 

winter sports. The construction and maintenance of sports facilities, the organization of events, and participation 
(including mobility and transport) all have significant impact on the climate. The use of natural resources, energy 

consumption, and waste generation associated with these activities contribute to the degradation of the 

environment, including the destruction of natural habitats, pollution, and the depletion of wildlife. Moreover, the 

relationship between sports and the environment is bidirectional—while sports activities impact the environment, 

environmental changes, such as climate change, also affect the viability and sustainability of these activities. 

This dynamic is particularly evident in winter sports, where the dependence on snow and cold climates makes 

them highly vulnerable to climate change. 

The growing popularity of winter tourism and sports has intensified the pressure on fragile ecosystems, 
particularly in mountainous regions. Despite increasing awareness of these issues, many winter sports 

organizations remain unprepared to address the challenges posed by a changing climate. The complex 

relationship between winter sports and environmental sustainability underscores the need for comprehensive 

strategies that address the environmental, economic, and social impacts of these activities. This report will 

explore these issues in depth, focusing on the impact of winter sports on climate change, the environmental and 

economic effects of winter sports, and the social impact of these challenges. 

 

2. Impact of winter tourism and sports on climate 
change 

Tourism is one of the most climate-sensitive sectors, with its impacts closely tied to global warming and 

climate dynamics. The relationship between tourism and climate change is complex and multifaceted, operating 

on multiple levels. As global demand for travel increases, the tourism industry—including winter sports tourism—

is rapidly expanding. However, this growth comes at a significant environmental cost (1,2). 
Tourism is highly income-elastic and carbon-intensive, meaning that as people's incomes rise, their 

demand for travel increases, leading to greater carbon emissions. Despite efforts to decarbonize tourism 

operations, the global demand for tourism is growing at a faster pace, resulting in an accelerated increase in 

carbon emissions. Between 2009 and 2013, the global carbon footprint of tourism surged from 3.9 to 4.5  

gigatons of CO2 equivalent (GtCO2e), accounting for approximately 8% of global greenhouse gas emissions. 
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The majority of this carbon footprint is driven by activities in high-income countries, with transport, shopping, 

and food being the most significant contributors (3,4).  

Winter tourism, a niche yet significant segment of the global tourism industry, exemplifies the sector's 

environmental challenges. The carbon footprint of winter sports can be divided into three areas. Travel, 
accommodation and skiing itself. The journey to and from the ski resort alone is responsible for 50% to 74% 

of total emissions. Accommodation on site, on the other hand, only accounts for 20% and skiing operations and 

energy consumption for just under 5%, depending on the resorts (5). Studies from Austria and France indicate 

that emissions per skier day range from 3.5 to 7 kg CO2, with substantial variations depending on the destination 

and activities involved (5). 

This growing carbon footprint of winter tourism not only exacerbates global climate change but also 

threatens the resources upon which the industry depends, such as snow reliability and winter ecosystems. As 

the tourism industry continues to expand, the need to address its impact on climate change becomes 
increasingly urgent. 

 

2.1 Traveling and CO2 emissions in winter sport tourism 
Austria ranks as the second most popular ski destination globally, with around 54.2 million skier visits 

per year (5,6). As such, it serves as a key focus for evaluating CO2 emissions and transportation in winter sports 

tourism. 

A study by Austria’s Federal Environment Agency highlights that transportation choice has the most 

significant impact on the environment. Air travel, particularly long flights, produces the highest greenhouse gas 
emissions. For example, a flight from Austria to the Maldives emits approximately 426 kg of CO2 per person 

per day, while a flight to Spain emits around 138 kg. In contrast, travel for winter vacations within Austria emits 

between 3 and 21 kg of CO2, depending on the mode of transport, with trains being the least carbon-intensive 

(7). Austria estimates that in winter tourism, 50% of emissions come from travel, 32% from accommodation and 

dining, and 18% from skiing. Similarly, a French ski area study found that 74% of emissions stem from travel, 

18.7% from accommodation and dining, and 1.9% from ski area operations (5,8).  

In Austria, 76% of winter tourists travel by private car, making it the dominant mode of transport. Air 

travel, used by only 13% of travelers, has increased nearly 50% since 2012, posing a growing concern due to 
its high carbon footprint. Rail travel (7%) and coaches (3%) are underutilized despite their lower environmental 

impact. This presents an opportunity for significant emission reductions by enhancing public transport options 

and investing in rail infrastructure (5). Associations like Protect our Winters have recently developed a mobility 

platform to facilitate low-carbon journeys to more than 110 ski resorts in France (9).   

These findings extend to major winter sports events, where travel remains a major emission source. 

For example, the 2010 Vancouver Winter Olympics, though marketed as carbon-neutral, did not account for 

emissions from spectator and athlete travel, which comprised nearly half of the event's total emissions. 

However, events like the 2017 FIS Women's World Cup and the Winter X Games have shown progress by 
prioritizing environmental responsibilities (1). 

 

2.2 Accommodation and ski resorts 
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Accommodation is an important part of the tourism value chain, and accounts for a substantial share of 

the sector’s greenhouse gas emissions. Winter tourism is a major driver of Austria's hospitality industry, 

accounting for nearly half (48%) of the country's annual overnight stays. During the 2018/19 winter season 

alone, Austria recorded 73 million overnight stays. A significant portion of these stays—about 66%—occur in 
ski resorts, defined as municipalities with at least three ski lifts (5). 

The accommodation sector is, in comparison to transportation, already a low-carbon sector, and has a 

good potential to fully decarbonize until 2040. However, carbon management is still required in this business. 

Most accommodation establishments still waste energy due to its perceived low cost. Yet, switching to 

renewable sources like solar, wind, or biogas is only marginally more expensive than using fossil fuels. Energy-

efficient designs in new buildings, such as passive heating and cooling, can also lower energy use and 

operational costs. Incentives, energy consulting, and legislation can further motivate resorts to adopt sustainable 

practices. Additionally, promoting climate-friendly practices in marketing and training staff in energy 
management are key to achieving and maintaining low-carbon operations (10). 

Research on ski resorts has tried to identify determinants of sustainability of these accommodations. 

Results show that ski resorts with longer pistes (over 65 km) and higher altitudes (over 2400 m) tend to be more 

sustainable. They have better stakeholder participation, political support, and policies, and actively improve 

sustainability awareness. They also adopt new technologies and renewable energy, collaborate effectively, and 

innovate to meet the growing demand for sustainable ski-related services. Small and low altitude ski resorts 

represent the problematic ones, since they face many issues that need the attention of ski resort managers in 

order to improve their competitiveness (11).  
 

2.3 Operations and energy consumption in ski resort  
The operation of ski resorts has seen a significant increase in energy consumption due to the 

widespread adoption of artificial snowmaking. This trend is evident in Switzerland, where the coverage of ski 

slopes with artificial snow rose from 10% in 2000 to 36% in 2010, and even more dramatically in Austria and 

parts of the Italian Alps, where artificial snow now covers nearly all ski runs (12). Snowmaking is energy-

intensive, with demands ranging from 15,000 to 20,000 kWh per hectare annually, depending on the depth of 

snow required (13)(14). In Austria, the total energy consumption for snowmaking alone could range from 355 
to 950 GWh per year, equivalent to the average energy consumption of 215,000 to 570,000 households (5). As 

the climate warms, the need for artificial snow—and thus the associated energy and water use—is raising 

concerns about sustainability. 

While technological advancements have made snowmaking and mountain lift operations more energy-

efficient, the overall environmental impact needs to be assessed. Earlier studies suggested that snowmaking 

could have a cooling effect on the climate due to the increased reflection of sunlight, known as the albedo effect. 

However, subsequent research revealed that this cooling effect had been overestimated (5). Furthermore, 

snowmaking not only demands substantial energy but also a significant amount of water, which can lead to 
water shortages in drier regions. Losses due to sublimation, evaporation, and wind can result in up to 50% of 

the water used being unrecoverable, exacerbating conflicts during periods of water scarcity (15,16). 

The extent of CO2 emissions from artificial snowmaking is closely tied to the type of energy used, 

offering a pathway to reduce the carbon footprint of these operations. If the energy required for snowmaking 
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comes from renewable sources, CO2 emissions could be significantly decreased, dropping from around 200 

grams of CO2 per kilowatt hour with conventional energy to just 10 grams per kilowatt hour with green electricity. 

Thus, by transitioning to renewable energy sources, ski resorts have a significant opportunity to make 

snowmaking more sustainable, reducing their overall environmental impact while continuing to meet the growing 
demand for artificial snow in a warming climate (17,18). 

 

3. Environmental impact of winter sports 
The environmental impact of winter sports resorts is a topic of growing concern, yet the scientific 

understanding of this subject remains fragmented. Despite a significant increase in research exploring how 

these resorts affect the natural environment—or conversely, how the changing environment due to global 

warming influences ski resort operations—the literature is often narrowly focused on specific issues. For 
instance, some studies examine the effects of ski resort development on particular species of amphibians or 

grasses, often within a specific geographical context. What is lacking, however, is a more comprehensive 

exploration of the broader relationship between winter sports resorts and the environment as a whole (19). 

Over the past two decades, research has primarily concentrated on three key areas: environmental 
impact of the construction and operation of winter sports resorts (“environmental impact”), management of the 
sustainable development of resorts (“management”), and the effect of climate change-induced 
environmental shifts on the operation of winter sports and resorts (“climate change”). However, these topics 

have not been treated with equal importance or attention over time (19). It is worth noting that while 
environmental impact and management remain crucial areas of study, climate change has risen to prominence 

in recent years, driven by the urgent need to address its consequences in winter sports (19).  

In this section, however, we will focus specifically on understanding the impacts of winter sports in 
the environment. Most studies in this field aim to identify how the operation of a winter sports resort—or specific 

aspects of it—affects certain elements of the environment. The impact of constructing resorts and developing 

new ski runs is frequently analyzed, with snowmaking and grooming considered the most environmentally 

harmful practices (19–24). The most commonly studied environmental elements include soils and grasslands, 
or more broadly, vegetation (22,25,26). Comparatively fewer studies have examined the influence of ski resorts 

on wildlife, though some research has explored their impact on water quality (27). One study by Kušˇcer and 

Dwyer offers a different perspective by comparing the environmental impacts of various resorts, suggesting that 

larger resorts might generate a smaller environmental footprint per visitor compared to smaller resorts (11). 

 

3.1 Natural sites affectation and soil erosion 
The construction and maintenance of ski resorts, particularly the development of ski lifts and runs, 

causes long-term changes in the environment, affecting many essential ecosystem properties and services. 

The ecological consequences of, and the recovery from ski run construction, hugely depend on the methods 
used to construct the ski runs as well as on the land restoration work employed (25,28). 

The process of ski run construction, especially through techniques like machine grading, exacerbates 

natural destruction and soil erosion. Machine grading, a widely used method, involves the complete removal 

of the vegetation cover and the topsoil, which contains crucial elements like seedbanks and soil biota. This 
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method disrupts the physical, chemical, and biological properties of the soil, leading to compaction, loss of 

organic matter, and reduced nutrient levels. These changes in the soil structure increase the risk of erosion, 

particularly on slopes above the timberline, as compacted soil has diminished infiltration rates and water storage 

capacity. As a result, overland flows are intensified, further contributing to erosion (22,29). After grading, what 
remains is typically a mineral substrate with low organic matter and poor water-holding capacity. The absence 

of a stable plant cover makes it difficult to retain sediments and nutrients, thereby destabilizing the ecosystem. 

Therefore, revegetation processes become essential for stabilizing slopes and reducing erosion. The selection 

of the appropriate combination of plants can speed up ecological restoration and prolong the process of 

stabilizing and recovering slopes. However, the use of nonnative species, which are often chosen for their cost-

effectiveness and rapid growth, poses additional threats, which can disrupt local ecosystems and alter nutrient 

levels (24,30).  

A study on the recovery of ski runs constructed in the 1990s, which used machine-graded and 
hydroseeded, revealed that while plant cover on the ski runs remained stable over time, the diversity and 

richness of plant species increased, eventually resembling nearby undisturbed areas. However, despite 

decades of recovery, the soil on these ski runs still exhibited higher pH, lower organic carbon content, and 

reduced stability compared to undisturbed sites, highlighting the long-term challenges of restoring disturbed 

environments (30). It is worth noting that the ecological damage from ski resort construction can be, in some 

cases, severe and difficult to revert. For instance, the construction of ski slopes at the PyeongChang 2018 

Winter Olympics resulted in the destruction of forests over 500 years old, with restoration efforts proving 

inefficient and incomplete. This underscores the significant financial and ecological costs associated with both 
the restoration of natural habitats and the development of eco-tourism in these regions (31). 

Careful management and continuous monitoring of ski resort areas, especially those near protected 

regions, are essential for mitigating these impacts. Effective restoration requires not only financial investment 

but also a commitment to sustainable practices that prioritize the long-term health of the ecosystem. 

 

3.2 Alterations on biodiversity and decline of wildlife 
The expansion of winter sports and tourism into remote areas has escalated over the past decades, 

posing a significant threat to vulnerable wildlife. Human disturbances, such as the repeated flushing of resting 
wildlife can trigger stress responses in animals, leading to compensatory behavioral adaptations that increase 

their energetic costs (32). Such disturbances frequently force animals to occupy suboptimal habitats, adversely 

affecting their reproductive success, survival rates, and overall fitness (33). Over time, these negative impacts 

contribute to a decline in local population densities and, in severe cases, a diminishment of wildlife (34) . 

Additionally, the increased presence of humans in these areas can attract generalist predators, whose 

populations are artificially boosted by food waste near mountain lodges and restaurants (34,35).   

The construction of ski lifts and runs also exacerbates the loss of endemic species, including some 

that are endangered, by further fragmenting their already limited habitats. A good example is the black grouse 
(Tetrao tetrix), a key indicator species of timberline ecosystems, which has experienced significant population 

declines in the Alps (34). The International Union for the Conservation of Nature (IUCN) has suggested that the 

spread of winter sports may be contributing to this decline, although definitive scientific evidence is still needed 

(36). Another study found that climate change and human adaptation will likely push both ski resorts and bird 
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habitats to higher elevations, leading to a 58–67% reduction in suitable areas for birds. As a result, the overlap 
between skiing areas and bird habitats is expected to increase, especially in regions that host the most 

species or the most threatened species, intensifying conflicts between skiing and biodiversity conservation (37). 

The use of artificial snow and the preparation of ski slopes have been shown to alter biodiversity 
significantly. These practices delay plant phenology, alter species composition, and reduce species richness 

and diversity (22,24). Studies have reported a decrease in the diversity of carabid beetles, spiders, and 

grasshoppers on ski slopes compared to natural sites, highlighting the negative impact of these artificial 

environments on arthropod communities (26). Furthermore, the potential for conflict between avian species and 

future ski piste distribution may increase with climate change and alterations in the snowpack (25). 

Ultimately, these combined detrimental effects from winter sports and tourism lead to a reduction in 

local wildlife population density and species richness, emphasizing the need for more environmentally conscious 

practices and conservation efforts in these vulnerable regions. 
 

3.3 Impact on glacier retreat 
The impact of winter sports on glacier retreat in the Alps is a complex issue that intertwines with both 

environmental and economic factors. The Alps currently host around 3,500 glaciers, which cover an area of 

approximately 1,700 square kilometers, mostly located above 3,000 meters. Over recent decades, there has 

been a significant and accelerating decline in global glacier mass. For instance, Austrian glaciers lost 26% 

of their area and 30% of their volume between 1969 and 2006, with an additional 22% volume loss recorded in 

the following decade (38,39). This rapid glacier retreat is impacting water resources, disaster risk management, 
hydropower, agriculture, and tourism (40). 

Glaciers in the European Alps play a vital role in the national economy, contributing to hydropower 

generation and serving as key attractions for both summer and winter tourism (41). Some of the most visited 

sites in the Alps, such as Aiguille du Midi and Mer de Glace, draw over a million visitors annually, underlining 

the economic importance of glacier tourism. During the 1970s and 1980s, a period of positive glacier mass 

balance, ski resorts were even built directly on glaciers. By 2009, Austria had eight glacier ski resorts operating 

on 15 glaciers, highlighting the close relationship between winter sports and glaciers (41,42). 

Despite this, an Austrian publication from 2011 suggested that the presence of ski resorts on glaciers 
had minimal impact on the rate of glacier volume loss. This study showed that between 1969 and 1997, glaciers 

with ski resorts lost 11.5% of their area, compared to a 15.4% loss for other glaciers. This trend continued 

between 1997 and 2006, with resort glaciers shrinking by 6.6%, slightly less than the 8.3% reduction 

experienced by non-resort glaciers. These results should be interpreted cautiously, as the lesser impact may 

be partially attributed to the fact that many resorts have a north-facing exposure. Additionally, the study only 

covers glacier recession up until 2006, and climate conditions have since changed, potentially altering these 

dynamics (42). 

In 2023, the deployment of heavy machinery on the Theodul Glacier for the Ski FIS World Cup cross-
border race, raised significant concerns among environmental groups such as Protect Our Winters (POW). The 

Theodul Glacier is vital for maintaining the region's ecological balance, and the ongoing excavation threatens 

to disrupt this delicate equilibrium. Such disruption not only hampers the glacier's ability to store water but may 

also accelerate its retreat. Visuals of diggers filling crevasses on the glacier highlight the growing tension 
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between the demands of winter sports and the imperative to preserve these fragile environments (43,44). 

In response to the rapid glacier retreat, adaptation strategies are being developed in the Alps, though 

these efforts raise questions about the sustainability and ethics of such interventions. In some ski resorts, 

methods like piste grooming, water injection, and snow-farming are used to mitigate glacier melt (45). For 
a detailed analysis of the environmental impact of snow production, refer to section 3.4 on water use and energy 

consumption from snowmaking. For instance, in Switzerland, geotextiles—synthetic blankets designed to reflect 

sunlight and insulate snow—are employed to slow down glacier melting, reducing ice loss by up to 50%. While 

effective locally, these measures are expensive, unsustainable on a large scale, and may have negative 

ecological impacts. While these localized strategies may temporarily protect glaciers, experts stress that 

reducing greenhouse gas emissions is the only effective long-term solution to slowing glacier retreat and 

preserving these critical landscapes. Without global action on climate change, the continued loss of glacier 

mass is inevitable, threatening the very existence of winter sports in the Alps (46,47). 
 

3.4 Snowmaking impact on water usage and energy 
consumption  

Since its inception in 1952, snowmaking technology has become a cornerstone of the ski industry, 

particularly over the last 25 years, where significant investments have integrated it deeply into most regional 

markets. As climate change continues to reduce natural snowpack in mountain regions (40), ski industry leaders 

are increasingly turning to snowmaking as a climate adaptation strategy. However, this has raised concerns 

about its environmental impact, particularly regarding water usage and energy consumption.  

The sustainability of snowmaking is a contentious issue. Some researchers argue that it is inherently 
unsustainable as it can be highly resource-intensive, leading to concerns about greenhouse gas (GHG) 

emissions, water-use conflicts, and other environmental impacts. In regions with scarce water resources or high 

energy costs, snowmaking can exacerbate existing environmental and social tensions (48). Other studies 

suggest that its impact depends on regional contexts and the specific snowmaking systems used. For instance, 

Moser & Baulcomb indicate that snowmaking can be an effective adaptation strategy in certain locations, 

particularly where tourism systems and energy sources are managed sustainably (49). 

A Canadian study provides a national analysis of snowmaking's environmental sustainability, estimating 

that 136 Canadian ski areas use 478,000 megawatts (MWh) of electricity and 43.4 million cubic meters of water 
to produce over 42 million cubic meters of artificial snow. With climate change projections indicating a potential 

55% to 97% increase in snowmaking requirements by 2050, energy and water use are expected to rise 

proportionally. However, decarbonization of provincial electricity grids may mitigate the associated CO2 

emissions (18).  

 

Snowmaking's environmental impacts extend beyond water and energy use. The practice has been linked to 

biodiversity loss and soil health degradation, as artificial snow delays snowmelt and shortens the growing 

season for alpine plants (25,50). Additionally, snowmaking reservoirs can disrupt local water conditions, similar 
to the effects observed in agriculture and forestry (27).  

Therefore, the assessment of snowmaking as an adaptive or maladaptive strategy must be based on 
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local contexts. While it offers a potential solution to the challenges posed by climate change, its sustainability 

depends on the efficiency of the systems used, the availability of water and energy resources, and the socio-

ecological context of each region. Therefore, improving the efficiency of snowmaking and ensuring it aligns with 

broader sustainability goals should be a priority for the ski industry and its stakeholders. 
 

3.5 The impact of light pollution on the environment 
Light pollution is an increasingly recognized environmental issue and encompasses various adverse 

effects caused by excessive artificial lighting. This phenomenon disrupts natural processes and impacts the 

physiological and ecological balance of many species. The consequences of light pollution extend beyond urban 

centers, reaching even remote areas such as mountain ecosystems due to the presence of ski resorts. 

The introduction of artificial lighting into nocturnal environments interferes with the biorhythms of 
many organisms. Species adapted to natural light-dark cycles face significant disruptions. For instance, birds 

that rely on dusk and dawn cues for their breeding behaviors may experience altered nesting times and 
migratory patterns (51). Similarly, nocturnal animals that depend on darkness for foraging and hunting can 

become disoriented or change their activity patterns due to artificial light (51). 

Plants are also adversely affected by light pollution. Many species use natural light cues to regulate 
growth and reproductive cycles. For instance, artificial light can delay or alter processes such as flowering 

and leaf senescence, leading to maladaptive growth patterns (52). Studies have shown that even moderate 

artificial lighting can disrupt plant phenology, affecting their resource allocation and survival (53). Trees and 

flowering plants exposed to artificial light may experience delayed dormancy and altered physiological 
responses, such as leaf color changes and increased vulnerability to frost (51).  

 

4. Economic impact of winter sports 
Winter sports and tourism are crucial economic drivers in many alpine regions, significantly contributing 

to the GDP of countries such as Austria, where winter sports alone generate nearly €7.4 billion in direct value 

annually, accounting for about 3.16% of the nation's GDP. When considering indirect contributions from sectors 

like transportation, the figure rises to €11 billion, or 4.1% of the total GDP—similar to the scale of Austria's retail 
sector. Germany, as Europe's largest source market for winter sports, contributes significantly to this economy, 

with Germans spending over €16.4 billion annually on winter sports activities such as skiing and cross-country 

skiing (54). 

However, the economic landscape of winter tourism is complex and varies significantly depending 

on the country and the events hosted there. The industry faces increasing challenges due to rising temperatures 

and snow-poor winter seasons, which disproportionately affect lower-altitude resorts. These areas are more 

vulnerable to climate change, leading to a potential decline in tourist numbers and a subsequent rise in prices 

for winter tourism to offset operational costs (8,55). 
The costs associated with winter sports are not limited to the activities themselves but extend to the 

significant expenses of maintaining and operating facilities, particularly in the production of artificial snow. 

Moreover, the environmental and economic impacts are exacerbated when existing infrastructure is 

underutilized, prompting the construction of new facilities and procurement of equipment in unsustainable ways. 
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The maintenance of these new infrastructures often falls on the local population, further straining the economy, 

especially when the promised economic growth fails to materialize (18).  

To address these challenges, sustainable development practices in winter tourism are essential. For 

instance, in Croatia, winter sports contribute to local economies by creating jobs in rural and mountainous areas. 
Sustainable tourism marketing that emphasizes the country's natural beauty and cultural attractions can 

enhance economic benefits while minimizing social and environmental impacts. Additionally, fostering public-
private partnerships can help fund eco-friendly initiatives, while diversifying winter sports activities beyond 

traditional skiing and snowboarding can attract a broader range of tourists and reduce dependence on seasonal 

snow conditions (18,56).  

Additionally, policy frameworks at local, national, and international levels are crucial in shaping the 

sustainability of winter sports events, ensuring that they contribute positively to the economy while mitigating 

environmental damage and supporting long-term economic growth. 
 

4.1 Artificial snow production and facility operations 
Rising temperatures, more frequent snow-scarce winters, and escalating energy prices threaten the 

future profitability of artificial snow production. The economic impact of these factors on winter sports facilities 

is complex and has been extensively discussed in several studies (55,57,58). Still, the economic limits of 

snowmaking are still poorly understood and vary much depending on the area. Limiting factors of snowmaking 

are not only increasing temperatures and decreasing efficiency of snow production, but also potential increases 

in energy prices owing to higher taxes and/or shortage of fossil fuel, which would affect the profitability of 
snowmaking (59). The ski resorts’ susceptibility to the lack of natural snow is rather high due to their low 

elevation. Approximately 40% of ski areas in Austria, and about 30% in the five Alpine countries—Austria, 

France, Germany, Italy, and Switzerland—are situated at average altitudes of 1,320 meters or lower (60).  

An Austrian study examined the economic feasibility of snowmaking in future climate conditions by 

conducting a cost-revenue analysis for a case study ski area. The findings provide a useful benchmark for other 

low-elevation ski areas, but additional factors such as the ski area’s size, slope orientation, operational 

economics, and snowmaking infrastructure are required to be taken into account (55). The study highlights that 

increasing temperatures will reduce snowmaking hours due to decreased efficiency. Furthermore, rising 
electricity prices, which account for about a third of snowmaking costs, are expected to significantly impact 

financial viability. In the long term, declining snow depths are anticipated to decrease ski visitor numbers, 

particularly during peak periods like Christmas and Easter. To mitigate this, ski areas may need to diversify into 

alternative winter activities like wellness tourism or winter hiking, and attract off-peak visitors with targeted offers. 

To maintain profitability, ski ticket prices will likely need to increase beyond recent trends. This raises the 

question of whether visitors will be willing to accept higher ticket prices in the future (55).  

The operation and management of winter sports facilities also have significant economic implications, 

particularly when hosting major international events. Such events often drive social and economic development 
initiatives, as evidenced by PyeongChang’s investments for the 2018 Winter Olympics. The city constructed 

high-cost venues like the $1 billion sliding center and the $5 billion ski jump stadium with the expectation of 

long-term local benefits. However, these facilities failed to meet these prospects (31). The sliding center, used 

for bobsleigh, luge, and skeleton events, faced high maintenance costs and minimal public use, leading to its 
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closure shortly after the Games. Similarly, the ski jump stadium has been underused and costly to maintain. 

PyeongChang continues to cope with the financial burdens associated with these venues, highlighting the 

economic risks of large-scale investments in specialized sports infrastructure. The experience underscores the 

importance of careful planning and sustainable management in leveraging major sporting events for lasting 
community and economic benefits (31). 

 

4.2 Local economic impact of winter sports in Italy 
Winter sports events often draw a significant number of domestic and international tourists to Italy, 

especially to regions like the Alps and Dolomites. These events boost local economies by increasing demand 

for accommodations, dining, and other services. 

Large events contribute to job creation, both directly within the sports industry and indirectly in sectors like 

hospitality, retail, and transportation. Hosting major winter sports events, like the Alpine Ski World Cup and the 

biennial Winter Universiade, can lead to improvements in infrastructure, including better transportation systems 
and upgraded sports facilities, which serve the community long after the events have ended. 

For recent examples of the economic impact of winter sports events in Italy, the upcoming 2026 Winter 

Olympics in Milan and Cortina d'Ampezzo offer some insights. This event is anticipated to have significant 

economic implications, leveraging existing sports infrastructure to limit economic and environmental impacts. 

Historical data from the 2006 Winter Olympics in Turin also suggests that such events can bring substantial 

economic benefits through increased tourism and job creation, enhancing local businesses and the overall 

infrastructure of the host cities. However, in light of PyeongChang’s challenges with underused facilities and 
financial burdens, it is crucial for Milan to implement more effective and sustainable management strategies to 

ensure they reap long-term economic benefits (31,61).  

 

4.3 Local economic impact of winter sports in Germany 
Winter sports play a crucial economic role in Germany, particularly in the Alpine regions. German 

tourists are significant contributors to the winter sports market, spending over 16.4 billion euros annually on 

activities such as skiing and cross-country skiing. This highlights Germany's position as the most important 

source market for winter sports in Europe. 

The reliance on artificial snowmaking systems has become essential for the sustainability of ski resorts 
in Germany. These systems help mitigate the financial impact of "bad" winters with insufficient natural snowfall. 

For instance, research conducted by the University of Munich at the Sudelfeld ski resort near Bayrischzell 

showed that the financial discrepancy between a "good" winter (2005/06) and a "bad" winter amounted to nearly 

twelve million euros. After expanding their snowmaking capabilities, the difference between the "good" winter 

of 2017/18 and the "bad" winter of 2015/16 was reduced to 4.5 million euros. However, the limitations of this 

technology were evident during the past winter, when an early cold spell was followed by a Christmas thaw, 

necessitating additional snow production and incurring extra costs both economically and ecologically (62).  

Various regions in Germany are investing in infrastructure to support winter sports and mitigate the 
environmental impact. In Saxony, an additional six million euros is being allocated to enhance the snow retention 

system and install new conductor rails. In the city of Altenberg, funding of 600,000 euros is designated for 
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expanding the Zinnwald biathlon facility, including new disabled-friendly amenities and a rainwater retention 

basin to aid snow production. A grant of 2.83 million euros will support the expansion of the snowmaking system 

to ensure independence from the town’s system and improve water supply, in WSC Erzgebirge Oberwiesenthal. 

Finally, in Landkreis Sächsische Schweiz-Osterzgebirge, 1.21 million euros will be invested in necessary 
renovations and refrigeration technology to maintain the long-term operation of the luge and bobsleigh track 

(54). 

 

5. Social impact of winter sports 
Winter sports have a profound impact on society, extending well beyond the excitement of competition. 

These events play a key role in community engagement, as they offer opportunities for volunteering and bring 

together individuals from diverse backgrounds to engage in sportive activities. An essential aspect of this 
community engagement is raising awareness about the environmental impacts of winter sports and encouraging 

sustainable practices among both participants and spectators. By involving local communities in decision-

making processes, these sports also address community concerns and ensure that the benefits of tourism and 

recreation are shared.  

Accessibility and inclusivity are also prioritized in winter sports, with efforts made to ensure that 

people of all ages, abilities, and socioeconomic backgrounds can participate. This might involve offering 

affordable equipment rentals, beginner ski lessons, and improving infrastructure to accommodate individuals 

with disabilities. By making winter sports more inclusive, more people can experience the physical, mental, and 
social benefits these activities provide. Cultural preservation is another important dimension of the social 

impact of winter sports. In places like Croatia, winter sports are deeply intertwined with the country’s rich cultural 

heritage, including traditional customs, cuisine, and arts. Sustainable tourism initiatives aim to protect and 

promote this cultural identity while minimizing the negative effects on local traditions and lifestyles. International 

winter sports events also play a role in cultural exchange, enhancing the global image of destinations known for 

their warm and vibrant atmospheres. The health and wellbeing of participants are also significantly impacted 

by winter sports. Engaging in these activities promotes physical fitness and health awareness, encouraging 
more people to incorporate exercise into their daily lives. Research from the German Sport University in Cologne 

has shown that winter sports contribute to preventing exercise-related illnesses, supporting child development, 

and strengthening the immune system. These activities are beneficial not just physically but also mentally, as 

they improve psychological well-being and foster social integration across all age groups (63). 

Education is a crucial element in the social impact of winter sports. Educational initiatives targeted at 

those involved in winter sports encourage responsible interaction with natural environments, helping to reduce 

the negative environmental impacts of these activities (64,65). Through workshops, campaigns, and outreach 

programs, individuals are empowered to make informed choices and adopt environmentally friendly behaviors 
while enjoying winter sports. This educational approach ensures that participants can enjoy these activities in a 

sustainable way, benefiting both society and the environment. The Esport Blanc Escolar (EBE) program is a 

Catalan initiative aimed at introducing 3rd and 4th graders in the Pyrenees to winter sports. Since its inception 

in 2013, it has been supported by the General Secretariat of Sport and Physical Activity, in partnership with the 

Department of Education and local organizations. While teachers appreciate the program as a valuable 
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introduction to winter sports, they note challenges such as reduced snowfall and concerns that the program 

may prioritize creating future consumers over fostering a genuine connection with nature. Few students continue 

participating in winter sports after the program (66). 

 

5.1 Implications for long term winter sport participation and 
climate awareness  

Public engagement in winter sports and awareness of climate challenges are interlinked issues 

with significant implications for the future. Exercising in natural settings, such as skiing or snowboarding, has 

been shown to provide substantial mental health benefits and encourage regular physical activity (67). However, 

as climate change increasingly affects these natural environments, the benefits and motivation for winter 
sports are at risk. The retreat of glaciers, reduced snowfall, and altered snow conditions in alpine regions are 

creating a challenging scenario for winter sports enthusiasts.  

Predictions indicate a significant reduction in skiing season lengths (1,59), with many former Winter 

Olympic host cities becoming unsuitable for winter sports by mid-century. Studies have highlighted that public 
awareness of climate change's impact on winter sports is growing. Researchers have shown that participants' 

intention to engage in winter sports decreases when exposed to images of climate-affected ski resorts, 

emphasizing how climate change is altering perceptions and behaviors (67). The shift in attitudes reflects a 

broader trend where declining snow conditions and shorter seasons are leading to reduced participation, 

particularly among vulnerable groups such as women, low-income individuals, and urban dwellers. This shift is 

further exacerbated by the varying impacts of climate change across different regions, creating disparities in the 

suitability of ski areas and influencing travel patterns and sport choices. Despite growing awareness, many 
winter sports organizations are still unprepared to address these challenges (1,68). Therefore, proactive 

adaptations are crucial to preserving the long-term viability of winter sports.   

 

5.2 Collaboration between stakeholders 
Collaboration among stakeholders—governments, sport federations, local communities, and 

environmental organizations—is vital for tackling the challenges climate change poses to winter sports. Inclusive 

and cooperative efforts, particularly in organizing mega-events, can create platforms for sharing knowledge on 

climate and sustainability issues, fostering ongoing dialogue among diverse groups. However, some 

researchers argue that the financial-driven nature of the sports industry is often marked by undemocratic and 
opaque decision-making, which complicates these collaborative efforts (69).  

To meet climate action goals in the context of sport mega-events, it's essential to involve a broad range 

of actors, including NGOs, policymakers, urban planners, and researchers. Their combined expertise is key 

to developing effective climate strategies and fostering resilience. Some examples of sport mega-events 

illustrates the current gap in climate and sustainability knowledge within the industry, underscoring the need for 

a more inclusive and coordinated approach to ensure sports can adapt to and mitigate climate change impacts 

(70). 
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6. Research and communication needs  
Climate change is not necessarily the end for snow-based winter tourism, although its impacts vary by 

region and influence the available adaptation strategies. Assessing climate risks is crucial for tourism 
businesses, and while existing models offer useful insights, there is a need for more research into recent snow 

management practices to evaluate their efficiency, effectiveness, and ecological impacts (5). 

There are also significant knowledge gaps regarding winter sports. It is unclear whether tipping points 

exist that could permanently alter tourists' preferences, such as their choice of destinations or winter activities. 

Future assessments should consider multiple factors beyond climate change, as demographic shifts (population 

decline or trend to aging), may have a more substantial impact on ski tourism in places like Tyrol, Austria, 

compared to climate change alone (71). Additionally, research should focus on snow-independent tourism 

products to determine their appeal to non-skiers and identify what types of destinations—whether established 
winter sports resorts or less developed areas—might attract new winter tourists. Furthermore, more research is 

required to accurately quantify greenhouse gas emissions from winter tourism, as existing studies in Alpine 

countries are often outdated or incomplete. To effectively mitigate climate impacts, a comprehensive 

understanding of current emission levels and the effectiveness of mitigation measures is essential (5).  

 

7. Conclusions 
In conclusion, the intersection of winter sports, tourism, and environmental sustainability presents a 

complex challenge that requires immediate and sustained attention. The significant carbon footprint of winter 

tourism, particularly from travel, highlights the urgent need for sustainable transportation solutions. The 

environmental impact of winter sports is multifaceted, involving not only greenhouse gas emissions but also the 

degradation of natural habitats, biodiversity loss, and the strain on water and energy resources due to practices 

like artificial snowmaking. These challenges are further intensified by the economic pressures on ski resorts to 

maintain profitability in a changing climate, which often results in a greater dependence on practices that harm 

the environment. 
Addressing these issues requires a holistic approach that integrates environmental, economic, and 

social considerations. The transition to renewable energy for snowmaking, investment in low-carbon transport 

infrastructure, and the development of sustainable tourism practices are critical steps toward mitigating the 

environmental impact of winter sports. Furthermore, collaboration among stakeholders—governments, sports 

organizations, local communities, and environmental groups—is essential for creating adaptive strategies that 

ensure the long-term viability of winter sports. As climate change continues to alter the landscape of winter 

tourism, proactive measures and comprehensive research are necessary to sustain these activities while 

minimizing their environmental footprint. 
 

8. References 

1.  Knowles N, Scott D, Steiger R. Winter sports and climate change. Sport Environ Sustain Res Strateg Manag. 
2020;140–61.  

2.  Karabi Nandy. Understanding and Quantifying. 2012.  
3.  Bernard P, Chevance G, Kingsbury C, Baillot A, Romain AJ, Molinier V, et al. Climate Change, Physical Activity 



 

16  

and Sport: A Systematic Review. Sport Med [Internet]. 2021;51(5):1041–59. Available from: 
https://doi.org/10.1007/s40279-021-01439-4 

4.  Lenzen M, Sun YY, Faturay F, Ting YP, Geschke A, Malik A. The carbon footprint of global tourism. Nat Clim 
Chang [Internet]. 2018;8(6):522–8. Available from: http://dx.doi.org/10.1038/s41558-018-0141-x 

5.  Steiger R, Damm A, Prettenthaler F, Pröbstl-Haider U. Climate change and winter outdoor activities in Austria. J 
Outdoor Recreat Tour. 2021;34(May 2020).  

6.  International Report on Snow & Mountain Tourism [Internet]. [cited 2024 Aug 14]. Available from: 
https://vanat.ch/international-report-on-snow-mountain-tourism.shtml 

7.  FACTSHEET TREIBHAUSGAS-BILANZ: URLAUBSTYPEN IM VERGLEICH. [cited 2024 Aug 20]; Available from: 
www.umweltbundesamt.at 

8.  Buerki R, Elsasser H, Abegg B. Climate change and winter sports: environmental and economic threats. 5th World 
Conf Sport Environ [Internet]. 2003;2003(December):1–9. Available from: 
http://www.unep.org/sport_env/Documents/torinobuerki.doc 

9.  POW MOBILITY MONTH 2023 - Protect Our Winters EU [Internet]. [cited 2024 Aug 14]. Available from: 
https://protectourwinters.eu/pow-mobilty-month-2023/ 

10.  Gössling S, Lund-Durlacher D. Tourist accommodation, climate change and mitigation: An assessment for Austria. 
J Outdoor Recreat Tour. 2021;34(March).  

11.  Kuščer K, Dwyer L. Determinants of sustainability of ski resorts: do size and altitude matter? Eur Sport Manag Q 
[Internet]. 2019;19(4):539–59. Available from: https://doi.org/10.1080/16184742.2018.1550097 

12.  Rixen C, Teich M, Lardelli C, Gallati D, Pohl M, Ptz M, et al. Winter tourism and climate change in the Alps: An 
assessment of resource consumption, snow reliability, and future snowmaking potential. Mt Res Dev. 
2011;31(3):229–36.  

13.  Branchendaten zur österreichischen Seilbahn-branche - WKO [Internet]. [cited 2024 Aug 7]. Available from: 
https://www.wko.at/oe/transport-verkehr/seilbahnen/zahlendatenfakten 

14.  Deutscher Skiverband [Internet]. [cited 2024 Aug 7]. Available from: 
https://www.deutscherskiverband.de/ueber_uns_umwelt_fragen_techn_de.print 

15.  Spandre P, Morin S, Lafaysse M, Lejeune Y, François H, George-Marcelpoil E. Integration of snow management 
processes into a detailed snowpack model. Cold Reg Sci Technol. 2016 May 1;125:48–64.  

16.  Olefs M, Fischer A, Lang J. Boundary Conditions for Artificial Snow Production in the Austrian Alps. J Appl 
Meteorol Climatol [Internet]. 2010 Jun 1 [cited 2024 Aug 7];49(6):1096–113. Available from: 
https://journals.ametsoc.org/view/journals/apme/49/6/2010jamc2251.1.xml 

17.  Lampersberger P. EnergieFit Innovative Energietechnologien für Sportstätten Teil 1: Leitfaden für 
Entscheidungsträger. [cited 2024 Aug 7]; Available from: www.e-sieben.at 

18.  Knowles N, Scott D, Steiger R. Sustainability of snowmaking as climate change (mal)adaptation: an assessment 
of water, energy, and emissions in Canada’s ski industry. Curr Issues Tour [Internet]. 2024;27(10):1613–30. 
Available from: https://doi.org/10.1080/13683500.2023.2214358 

19.  Żemła M. Winter sports resorts and natural environment—systematic literature review presenting interactions 
between them. Sustain. 2021;13(2):1–17.  

20.  Bausch T, Humpe A, Gössling S. Does climate change influence guest loyalty at alpine winter destinations? 
Sustain. 2019;11(15):1–22.  

21.  Evette A, Peyras L, François H, Gaucherand S. Environmental risks and impacts of mountain reservoirs for 
artificial snow production in a context of climate change. Rev géographie Alp. 2012;(99–4):0–13.  

22.  Roux-Fouillet P, Wipf S, Rixen C. Long-term impacts of ski piste management on alpine vegetation and soils. J 
Appl Ecol. 2011;48(4):906–15.  

23.  Burt JW, Rice KJ. Not all ski slopes are created equal: Disturbance intensity affects ecosystem properties. Ecol 
Appl. 2009;19(8):2242–53.  

24.  Wipf S, Rixen C, Fischer M, Schmid B, Stoeckli V. Effects of ski piste preparation on alpine vegetation. J Appl 
Ecol. 2005;42(2):306–16.  

25.  Casagrande Bacchiocchi S, Zerbe S, Cavieres LA, Wellstein C. Impact of ski piste management on mountain 
grassland ecosystems in the Southern Alps. Sci Total Environ. 2019;665(May 2019):959–67.  

26.  Negro M, Isaia M, Palestrini C, Schoenhofer A, Rolando A. The impact of high-altitude ski pistes on ground-
dwelling arthropods in the Alps. Biodivers Conserv. 2010;19(7):1853–70.  

27.  Vanham D, Fleischhacker E, Rauch W. Impact of snowmaking on alpine water resources management under 
present and climate change conditions. Water Sci Technol. 2009;59(9):1793–801.  

28.  Ristić R, Kašanin-Grubin M, Radić B, Nikić Z, Vasiljević N. Land degradation at the stara planina ski resort. 
Environ Manage. 2012;49(3):580–92.  

29.  Kangas K, Tolvanen A, Kälkäjä T, Siikamäki P. Ecological impacts of revegetation and management practices of 
ski slopes in northern finland. Environ Manage. 2009;44(3):408–19.  

30.  Hudek C, Barni E, Stanchi S, D’Amico M, Pintaldi E, Freppaz M. Mid and long-term ecological impacts of ski run 
construction on alpine ecosystems. Sci Rep [Internet]. 2020;10(1):1–10. Available from: 
https://doi.org/10.1038/s41598-020-67341-7 

31.  Lee JW. A winter sport mega-event and its aftermath: A critical review of post-Olympic PyeongChang. Local Econ. 
2019;34(7):745–52.  

32.  Arlettaz R, Patthey P, Baltic M, Leu T, Schaub M, Palme R, et al. Spreading free-riding snow sports represent a 
novel serious threat for wildlife. Proc R Soc B Biol Sci [Internet]. 2007 May 5 [cited 2024 Aug 19];274(1614):1219. 
Available from: /pmc/articles/PMC2189568/ 

33.  Müllner A, Eduard Linsenmair K, Wikelski M. Exposure to ecotourism reduces survival and affects stress response 



 

17  

in hoatzin chicks (Opisthocomus hoazin). Biol Conserv. 2004 Aug 1;118(4):549–58.  
34.  Patthey P, Wirthner S, Signorell N, Arlettaz R. Impact of outdoor winter sports on the abundance of a key indicator 

species of alpine ecosystems. J Appl Ecol. 2008;45(6):1704–11.  
35.  Storch I, Leidenberger C. Tourism, mountain huts and distribution of corvids in the Bavarian Alps, Germany. 

Wildlife Biol [Internet]. 2003 Dec 1 [cited 2024 Aug 19];9(4):301–8. Available from: 
https://onlinelibrary.wiley.com/doi/full/10.2981/wlb.2003.018 

36.  Storch I. Conservation status of grouse worldwide: an update. [cited 2024 Aug 12]; Available from: 
https://nsojournals.onlinelibrary.wiley.com/doi/10.2981/0909-6396 

37.  Brambilla M, Pedrini P, Rolando A, Chamberlain DE. Climate change will increase the potential conflict between 
skiing and high-elevation bird species in the Alps. J Biogeogr. 2016;43(11):2299–309.  

38.  Helfricht K, Huss M, Fischer A, Otto JC. Calibrated ice thickness estimate for all glaciers in Austria. Front Earth Sci 
[Internet]. 2019 Apr 18 [cited 2024 Aug 8];7:399578. Available from: www.frontiersin.org 

39.  Sommer C, Malz P, Seehaus TC, Lippl S, Zemp M, Braun MH. Rapid glacier retreat and downwasting throughout 
the European Alps in the early 21st century. Nat Commun. 2020;11(1).  

40.  Hock R, Bliss A, Marzeion BEN, Giesen RH, Hirabayashi Y, Huss M, et al. GlacierMIP – A model intercomparison 
of global-scale glacier mass-balance models and projections. J Glaciol [Internet]. 2019 Jun 1 [cited 2024 Aug 
8];65(251):453–67. Available from: https://www.cambridge.org/core/journals/journal-of-
glaciology/article/glaciermip-a-model-intercomparison-of-globalscale-glacier-massbalance-models-and-
projections/30495AC402766F4A1D84007DA7A9F54B 

41.  Fischer A, Helfricht K, Stocker-Waldhuber M. Local reduction of decadal glacier thickness loss through mass 
balance management in ski resorts. Cryosphere. 2016;10(6):2941–52.  

42.  Fischer A, Olefs M, Abermann J. Glaciers, snow and ski tourism in Austria’s changing climate. Ann Glaciol 
[Internet]. 2011 Aug [cited 2024 Aug 8];52(58):89–96. Available from: 
https://www.cambridge.org/core/journals/annals-of-glaciology/article/glaciers-snow-and-ski-tourism-in-austrias-
changing-climate/ED2C8DA3BDFEB35FCE7FC489A0542115 

43.  FIS World Cup = Glacier Destruction in Zermatt? - Newschoolers.com [Internet]. [cited 2024 Aug 20]. Available 
from: https://www.newschoolers.com/news/read/World-Cup-Prep-Glacier-Destruction-Zermatt 

44.  FIS | FIS response to POW Petition [Internet]. [cited 2024 Aug 20]. Available from: https://www.fis-ski.com/inside-
fis/news/2023-24/fis-response-to-pow-petition 

45.  Salim E, Ravanel L, Bourdeau P, Deline P. Glacier tourism and climate change: effects, adaptations, and 
perspectives in the Alps. Reg Environ Chang [Internet]. 2021;21(4). Available from: 
https://doi.org/10.1007/s10113-021-01849-0 

46.  Huss M, Schwyn U, Bauder A, Farinotti D. Quantifying the overall effect of artificial glacier melt reduction in 
Switzerland, 2005–2019. Cold Reg Sci Technol. 2021 Apr 1;184:103237.  

47.  Salim E, Gauchon C, Ravanel L. Seeing the Ice. An Overview of Alpine Glacier Tourism Sites, Between Post- and 
Hyper-Modernity. http://journals.openedition.org/rga [Internet]. 2021 Dec 30 [cited 2024 Aug 8];(109–4). Available 
from: http://journals.openedition.org/rga/8383 

48.  Knowles NLB, Scott D. Media representations of climate change risk to ski tourism: a barrier to climate action? 
Curr Issues Tour [Internet]. 2021 [cited 2024 Aug 10];24(2):149–56. Available from: 
https://www.tandfonline.com/doi/abs/10.1080/13683500.2020.1722077 

49.  Moser DJ, Baulcomb C. Social perspectives on climate change adaptation, sustainable development, and artificial 
snow production: A Swiss case study using Q methodology. Environ Sci Policy. 2020 Feb 1;104:98–106.  

50.  Rixen C, Stoeckli V, Ammann W. Does artificial snow production affect soil and vegetation of ski pistes? A review. 
Perspect Plant Ecol Evol Syst. 2003 Jan 1;5(4):219–30.  

51.  Škvareninová J, Tuhárska M, Škvarenina J, Babálová D, Slobodníková L, Slobodník B, et al. Effects of light 
pollution on tree phenology in the urban environment. Morav Geogr Reports. 2017;25(4):282–90.  

52.  Meng L, Zhou Y, Román MO, Stokes EC, Wang Z, Asrar GR, et al. Artificial light at night: an underappreciated 
effect on phenology of deciduous woody plants. PNAS Nexus [Internet]. 2022 May 1 [cited 2024 Aug 12];1(2):1–
10. Available from: /pmc/articles/PMC9802268/ 

53.  Bennie J, Davies TW, Cruse D, Gaston KJ. Ecological effects of artificial light at night on wild plants. J Ecol 
[Internet]. 2016 May 1 [cited 2024 Aug 12];104(3):611–20. Available from: 
https://onlinelibrary.wiley.com/doi/full/10.1111/1365-2745.12551 

54.  Gutachten „Tourismus und Klimawandel in Nordrhein-Westfalen – Optionen und Perspektiven“ vorgestellt | 
Land.NRW [Internet]. [cited 2024 Aug 8]. Available from: https://www.land.nrw/pressemitteilung/gutachten-
tourismus-und-klimawandel-nordrhein-westfalen-optionen-und-perspektiven 

55.  Damm A, Köberl J, Prettenthaler F. Does artificial snow production pay under future climate conditions?-A case 
study for a vulnerable ski area in Austria. Tour Manag. 2014;43:8–21.  

56.  Scott D, Knowles N, Steiger R. Is snowmaking climate change maladaptation? J Sustain Tour [Internet]. 
2024;32(2):282–303. Available from: https://doi.org/10.1080/09669582.2022.2137729 

57.  Steiger R, Abegg B. The Sensitivity of Austrian Ski Areas to Climate Change. Tour Plan Dev [Internet]. 2013 Nov 
[cited 2024 Aug 8];10(4):480–93. Available from: 
https://www.tandfonline.com/doi/abs/10.1080/21568316.2013.804431 

58.  Breiling M, Charamza P. The impact of global warming on winter tourism and skiing: a regionalised model for 
Austrian snow conditions. Reg Environ Chang 1999 11 [Internet]. 1999 Dec 3 [cited 2024 Aug 8];1(1):4–14. 
Available from: https://link.springer.com/article/10.1007/s101130050003 

59.  Steiger R. The impact of climate change on ski season length and snowmaking requirements in Tyrol, Austria. 
Clim Res [Internet]. 2010 Nov 24 [cited 2024 Aug 8];43(3):251–62. Available from: https://www.int-



 

18  

res.com/abstracts/cr/v43/n3/p251-262/ 
60.  Skiresort.de | Das weltgrößte Testportal von Skigebieten [Internet]. [cited 2024 Aug 8]. Available from: 

https://www.skiresort.de/ 
61.  Milano Cortina 2026: Top things to know about next Olympic Winter Games [Internet]. [cited 2024 Sep 16]. 

Available from: https://olympics.com/en/news/milano-cortina-2026-top-things-to-know-about-next-olympic-winter-
games 

62.  Witting M, Schmude J. Impacts of climate and demographic change on future skier demand and its economic 
consequences – Evidence from a ski resort in the German Alps. J Outdoor Recreat Tour. 2019 Jun 1;26:50–60.  

63.  Roth R, Schiefer D, Siller HJ, Beyer J, Fehringer A, Bosio B, et al. The future of winter travelling in the Alps: 
Zukunft Wintersport Alpen [Internet]. 2016 [cited 2024 Aug 13]. Available from: https://fis.dshs-
koeln.de/en/publications/the-future-of-winter-travelling-in-the-alps-zukunft-wintersport-a 

64.  Chawla L. Childhood nature connection and constructive hope: A review of research on connecting with nature 
and coping with environmental loss. People Nat [Internet]. 2020 Sep 1 [cited 2024 Aug 13];2(3):619–42. Available 
from: https://onlinelibrary.wiley.com/doi/full/10.1002/pan3.10128 

65.  Goldman D, Alkaher I. Outdoor Environmental Education: Grounding a Tradition Within Environmental Education. 
Int Explor Outdoor Environ Educ [Internet]. 2023 [cited 2024 Aug 13];12:11–32. Available from: 
https://link.springer.com/chapter/10.1007/978-3-031-29257-6_2 

66.  Esport Blanc Escolar (EBE) | Federació Catalana d’Esports d’Hivern [Internet]. [cited 2024 Aug 13]. Available 
from: https://www.fceh.cat/esport-blanc-escolar-ebe/ 

67.  Frühauf A, Niedermeier M, Kopp M. Intention to Engage in Winter Sport in Climate Change Affected 
Environments. Front Public Heal. 2020;8(December).  

68.  Scott D, Steiger R, Rutty M, Fang Y. The changing geography of the Winter Olympic and Paralympic Games in a 
warmer world. Curr Issues Tour [Internet]. 2019 Jul 3 [cited 2024 Aug 13];22(11):1301–11. Available from: 
https://www.tandfonline.com/doi/abs/10.1080/13683500.2018.1436161 

69.  Horne J, Manzenreiter W. An Introduction to the Sociology of Sports Mega-Events1. https://doi.org/101111/j1467-
954X200600650.x [Internet]. 2006 Dec 1 [cited 2024 Aug 13];54(SUPPL. 2):1–24. Available from: 
https://journals.sagepub.com/doi/full/10.1111/j.1467-954X.2006.00650.x 

70.  Gollagher P, Fastenrath S. Transformative climate resilience and sport mega-events – The case of the Australian 
Open. Environ Innov Soc Transitions. 2023 Sep 1;48:100762.  

71.  Steiger R. Scenarios for skiing tourism in Austria: integrating demographics with an analysis of climate change. J 
Sustain Tour [Internet]. 2012 Jul [cited 2024 Aug 13];20(6):867–82. Available from: 
https://www.tandfonline.com/doi/abs/10.1080/09669582.2012.680464 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


