
 

 

 

 
 

 

 

 

 

 

 

 

Working papers in transport, tourism, information technology and microdata analysis 

 

The quest for snow - Adaptation strategies of alpine skiing 

destinations in Sweden 

Ev. underrubrik ska stå i Arial, 14pt, Fet stil 

 

 

 

 

Susanna Heldt-Cassel  

Albina Pashkevich 

Andreas Hinnerth  

Editor: Hasan Fleyeh 

 

 

 

 

 

 

 

Working papers in transport, tourism, information technology and microdata analysis 

ISSN: 1650-5581 

© Authors 

 

Nr: 2013:24  



 

 

 

The quest for snow - Adaptation strategies of alpine skiing destinations in Sweden  

 

 

 

Abstract 

The impact of climate change is considered one of the major challenges that the winter 

sport tourism industry faces today. Sälen, one of the major skiing destinations in Sweden, is 

situated in the southernmost part of the Swedish mountain range and is therefore one of the 

most vulnerable destinations when it comes to the effects of climate change. The aim of this 

paper is to examine and discuss adaptation strategies to climate change that have been 

implemented in Sälen, with a special focus on increased snowmaking. We discuss 

snowmaking in relation to alternative adaptation strategies such as increased summer 

tourism, and relate the adaptation strategies encountered in Sälen to how destinations in 

the Austrian Alps, which have warmer temperatures, have approached the situation. Those 

that we interpret as adaptation strategies are mainly focused on maintaining the mass 

touristic character of winter sports destinations and even extending the production of 

downhill skiing. These strategies of adaptation and development demand continued 

intensive snowmaking and an even accentuated quest for snow. However, Sälen is trying to 

overcome its dependence on downhill skiing as its sole and dominant activity. The strategy 

of developing summer tourism is problematic, however, not least in relation to the parallel 

advance in increased snowmaking.  
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Introduction 

The impact of climate change is considered one of the major challenges that the winter 

sport tourism industry faces today. Decreasing snowfall in recent years confronts skiing 

destinations with a significant problem. Since 1966, annual snow cover has decreased by 

10 per cent in the northern hemisphere (Folland et al., 2001) and forecasters expect that 

this trend will continue well into the future (Abegg, 1996). However, winter sport tourism 

management organisations can adapt to future challenges using different strategies 

(Unbehaun et al., 2008) that may include artificial snowmaking and alternative tourism 

activities at winter sport destinations. Several researchers (Bürki & Elsasser, 2003; 

Neuhäuser, 2006) have highlighted the importance of developing substitutes to downhill 

skiing activities during winter as well as during the summer months (Unbehaun et al. 2008).  

According to Moen and Fredman (2007), ski resorts in Sweden need to develop adaptation 

strategies for dealing with climate change, and they suggest different alternatives for these 

measures, following Bürki and Elasser (2003). These strategies range from the necessity of 

intense artificial snowmaking and developing alternative activities to skiing to the eventual 

closure of some of the facilities (Moen & Fredman, 2007, p. 431). Snowmaking is one of the 

most commonly-used adaptation strategies and can decrease snow variability as well as 

increasing the length of the season. However, snowmaking as an adaptation strategy is 

vulnerable when it comes to climate change since the process requires temperatures below 

zero and a stable water supply (Scott et al., 2005). Snowmaking will become even more 

costly in the future for skiing operators, and this will affect the Swedish tourism industry as 

there will be fewer days with favourable snowmaking conditions (Bodén, 2007). 

 

The adaptation strategies of Northern European winter sport destinations have received 

less attention in the academic literature than destinations in the Alps even though some 

studies have been published recently (eg. Rauken & Kelman, 2012). In Sweden, as in 

Norway and Finland, the largest skiing resorts are located in lower-lying regions (500-1,200 

metres above sea level, hereafter masl) but with quite different climatic conditions to the 

Alps. Taking into account different ski destinations’ differences in vulnerability to climate 

change (Dawson & Scott, 2013), it is important to focus on the adaptation strategies of 

those destinations that are most likely be affected by rising temperatures in the near future 

(Andersson, 2008; Moen & Fredman, 2007).  

 

Sälen, one of the major skiing destinations in Sweden, is situated in the southernmost part 

of the Swedish mountain range and is therefore one of the most vulnerable destinations 

when it comes to the effects of climate change. Sälen has already experienced a mean 

temperature increase of 2°C during the period between 1969 and 2002. It is predicted that 

rising temperatures will cause the snow-covered period to decrease to just two months 

(Räisänen & Alexandersson, 2003). Furthermore, mean snow depth is predicted to 

decrease by eight centimetres during the winter season (Moen & Fredman, 2007). 

Precipitation is likely to increase by 30-50% during the winter period, whereas the summer 

period will stay unchanged (Räisänen et al., 2004).  

 

The aim of this paper is to examine and discuss adaptation strategies to climate change 



 

 

 

that have been implemented in Sälen, with a special focus on increased snowmaking. We 

discuss snowmaking in relation to alternative adaptation strategies such as increased 

summer tourism, and relate the adaptation strategies encountered in Sälen to how 

destinations in the Austrian Alps, which have warmer temperatures, have approached the 

situation. Major research questions considered here are: what are the preconditions and 

consequences of increased artificial snow production in Sälen? What other adaptation 

strategies are adopted in Sälen and how do these interfere with or supplement increased 

snowmaking? How are ski destinations in the Austrian Alps tackling the challenges of 

climate change compared to Sälen, and what is the role of snowmaking there? 

 

Theoretical Background 

Climate change and winter sport tourism 

Researchers agree that the world’s winter sport destinations are under pressure from the 

threats of climate change as well as increased competition within the sector (Dawson & 

Scott, 2013; Pickering, 2011). A large number of studies have focused on the potential 

impacts of climate change on the tourism sector (Becken & Hay, 2007; Fukushima et al., 

2002; Gössling & Hall, 2006) and issues of vulnerability and adaptation in outdoor 

recreation (Scott et al., 2002). Nicholls and Amelung (2008) concluded that territories in 

north-western Europe would benefit from changed climactic conditions elsewhere. This 

corresponds to other research efforts which claim that increasingly hot and uncomfortable 

summers in southern Europe will make northern areas of Europe a much more popular 

tourist destination (Almelung & Viner, 2006; Perry, 2005). On the other hand, Nichols and 

Amelung (2008, p. 30) stated that climate change will create both winners and losers, 

where winter destinations that cannot adapt to warmer winters will be the losers. 

 

A few studies have focused on the supply side and examined perceptions of climate change 

impacts among tourism entrepreneurs (Lundmark & Brouder, 2011; Saarinen & Tervo, 

2006); these conclude that perceptions and strategies vary between companies in different 

regional and local contexts, depending whether the activities offered are summer- or 

winter-based. According to studies on the Alps (Wolfsegger et al., 2008), winter sport 

tourism entrepreneurs do not always perceive climate change as a threat, but rather see it 

as a change that requires adaptations like increased snowmaking.  

 

Brouder and Lundmark (2011) analysed perceptions of vulnerability to climate change 

among tourism entrepreneurs in northern Sweden. They pointed to the importance of 

understanding the geographical differences in the tourism business’s vulnerability to climate 

change between and within regions depending on specific location, local resources and 

type of products. The concept of vulnerability can be explained as a combination of three 

factors: exposure, sensitivity and adaptive capacity (Brouder & Lundmark, 2011; Snyder, 

2007). These factors may be different depending on whether the vulnerability is studied 

from a national, regional or local perspective (Brouder & Lundmark, 2011, p. 922). This calls 

for scalar thinking and a dynamic approach to the analysis of the vulnerability of different 

tourism activities and destinations. In line with this argument, adaptation strategies to 

climate change are negotiated in a complex adaptive system and specific strategies differ 



 

 

 

depending on the type of stakeholders and the relation between measures taken by public 

and private actors (Carter & Kankaanpää, 2003).  

 

The negative impacts of rising temperatures are specifically connected to the winter tourism 

activities such as downhill skiing. Most research on the consequences of changing 

temperatures for downhill skiing has been carried out in the European Alps (e.g., Elsasser & 

Messerli, 2001; Koenig & Abegg, 1997) and North America (e.g., Scott et al., 2005). As an 

example, researchers expect that the winter season in the Alps will decrease by between 

20 and 40 days if the temperature increases by another 1–2°C. Observations from recent 

years confirm that the time period of consistent snow coverage has decreased by on 

average two weeks. This fact suggests economic difficulties for low altitude ski resorts in 

particular (especially lower Austria, upper Austria and Styria) (Nature Friends Austria, 

2011).  

 

Many studies have discussed the consequences of climate change on winter sport tourism 

(Dawson & Scott, 2013; Elsasser & Messerli, 2001; Folland et al., 2001; Fukushima et al., 

2002; Giles & Perry, 1998; Koenig & Abegg 1997; Richardson & Loomis, 2004; Scott et al., 

2005; Unbehaun et al., 2008). Recent research by Dawson and Scott (2013) and Steiger 

(2012) highlights other aspects of the challenges experienced by ski destinations in the 

medium- to long-term future, such as demographic changes and an ageing population. 

These authors thus propose a more holistic approach towards understanding future 

challenges to winter sport tourism. According to Steiger (2012), the changing demography 

seems to be the second most influential factor after climate change, and this situation calls 

for new strategies of positioning and marketing by businesses and destinations to appeal 

new groups of customers (eg., Frochot & Kreziak, 2008). These demographic changes may 

challenge the current focus on downhill skiing for many winter sport destinations but will, on 

the other hand, open up new possibilities for diversifying tourism products at mountain 

resorts. A study of Finnish ski resorts (Konu, 2011) showed that the demand for downhill 

skiing is already declining. Bearing these trends in mind, it is appropriate for ski destinations’ 

strategies to focus on a broad range of winter and summer activities, not only as a response 

to a changing climate. 

 

Snowmaking 

Increased snowmaking and its related investments are the most widely discussed and 

implemented adaptation strategies for developing winter sport destinations to cope with a 

changing climate (Pickering, 2011; Scott et al., 2007). After the successful introduction of 

snowmaking equipment to North America in the 1960s, these systems were imported to the 

European market in the 1970s, specifically to the Alps and Scandinavia (Hahn, 2004). In 

recent years the main winter resorts in the Austrian Alps have shifted towards a 

considerable expansion of snowmaking facilities (Der Standard, 2012; Lower Austria 

Business Press, 2007; Tourism Association, 2012; Tirol Tourism Research, 2012; Tirol 

Tourism Research, 2012a). Even if many of these resorts rely on renewable energy for their 

snowmaking facilities (energy is produced by hydro power plants), the deterioration of 

landscapes and changes in natural ecosystems are inevitable side effects of this 



 

 

 

development. Damage is caused by the creation of additional water reservoirs, water 

pluming, slope expansion, soil erosion and other issues.  

 

Since snowmaking is expensive and requires an industrial approach, larger resorts are 

better suited than smaller ones to adapt to the more cost-efficient way of running 

downhill-skiing businesses. Studies in the Alps have pointed to small and medium-sized ski 

resorts located at lower altitudes as the most vulnerable to this new development (Steiger, 

2011). Both investment and maintenance costs for snowmaking equipment are 

considerable. Currently one cubic meter of artificial snow costs between three and five 

euros to produce, including amortization, energy and labour (Hahn, 2004). Artificial snow 

production for one hectare of ski run amounts to €140,000 (Brunner, 2011). In general, 

there is growing pressure on public authorities to invest in the infrastructure of winter sport 

destinations (ibid.).  

 

Water temperature is a key factor in snow production. In order to get the right temperature 

of ground and spring water, it has to be precooled in so-called cooling towers. Furthermore, 

artificial reservoirs need to be constructed as to stockpile the water masses needed for 

snow production (Doering & Hamberger, 2007). The water used for snow production is 

usually taken from flowing waters, springs, lakes or reservoirs (Rixen et al., 2003). For 

example, each season the ski resorts in the Alps use about 95 million m3 of water for snow 

production, which is nearly as much as “the annual consumption of Vienna, a city with 1.7 

million inhabitants” (Champion, 2008).  

 

The consumption of energy for snow production depends on a variety of factors. It can 

depend on the chosen technical system – either fan guns or air water guns. The location of 

the slopes, availability of water supply and current weather conditions are also important 

factors. Large facilities need more than 500,000 kWh per season. In comparison the energy 

consumption of an average four-person household in Germany is between 3,000 and 7,000 

kWh per year (Doering & Hamberger, 2007). Modern artificial snow production systems 

operate in an energy-efficient manner. Nevertheless total energy consumption will increase 

heavily due to new facilities and the expansion of those that already exist (Doering & 

Hamberger, 2007). The time available for potential snowmaking is also influenced by the 

changing climate, which means that artificial snow needs to be manufactured in an 

ever-decreasing period (ibid.).  

 

Methodology 

In this paper we use qualitative methods to collect and analyse data on adaptation 

strategies and the importance of snowmaking in the ski resorts of Sälen and in three 

Austrian resorts. During the summer and autumn of 2012 we conducted semi-structured 

interviews with the principle stakeholders and managers responsible for snowmaking 

facilities at resorts in Sälen and the three Austrian resorts of Zauberberg, Werfenweng and 

St Anton am Arlberg. We undertook a total of nine interviews, three of which were with the 

Austrian stakeholders connected to the chosen ski destinations, who represented senior 

marketing and PR department managers and the managing director of the local tourism 



 

 

 

association. Two of the Austrian interviews happened via telephone and the third was 

conducted via e-mail, and was thereby of a more structured character. The interviews in 

Sälen were conducted with destination managers and managers of the snowmaking 

department, as well as representatives of public organisations at local and regional level 

involved in tourism development and planning in the area. We collected secondary data on 

the operation of the ski resorts, such as documents and statistics, from tourism companies 

in Sälen and in the three Austrian destinations, as well as from the municipality of 

Malung-Sälen and the County Administrative Board of Dalarna. 

 

The empirical material collected provides a descriptive overview of the different strategies 

adopted at the destinations in Sälen, and gives information about the principles and 

practices of snowmaking. This data is then used to analyse and assess adaptation 

strategies in Sälen in relation to each other, and moreover to compare these to the situation 

in resorts in the Alps. The empirical material collected at the Austrian skiing destinations is 

mainly used to discuss Sälen’s adaptation strategies from a broader international 

perspective of adaptation strategies to climate change in skiing destinations.  

 

Case study in Sälen, Sweden 

Sweden is among the top ten skiing nations in the world. Downhill skiing in the Swedish 

mountain regions is characterised by relatively low vertical drops of 300-500m. Furthermore, 

ski runs in the Swedish mountains are located at low altitudes of 500-1,200 masl. The winter 

season usually lasts from December to April, or till May in the northern part of the mountain 

range (Moen & Fredman, 2007). Sweden’s winter sport destinations have a high level of 

snow guarantee, but have up until now attracted mostly Swedish visitors. Denmark is the 

largest international market, but these destinations are receiving more and more visitors 

from Norway, the Netherlands, Germany and, more recently, Russia (personal 

communication with the representatives from the company SkiStar, 2012).  

 

Sälen is the largest winter sport destination in Sweden in terms of number of visitors. It is 

located in the northern part of the municipality Malung-Sälen with a permanent population 

of 652 inhabitants, in the province of Dalarna, central Sweden (Statistics Sweden, 2011). 

According to the Figure 1 the ski areas consist of the family-owned business Kläppen, the 

SkiStar resorts Lindvallen-Högfjället and Tandådalen-Hundfjället, and Stöten, which is 

owned by Norlandia Hotels (County Administrative Board of Dalarna, 2011). As a direct 

result of the recent and on-going expansion in bed capacity in Sälen, pressure on the 

pristine natural area has increased during the past decade. Sälen is located in the southern 

part of the Swedish mountain range and is thereby not only the closest skiing destination to 

the metropolitan regions of Sweden and Northern Europe, but also the most vulnerable in 

terms of seasonal variations during the winter months. The area is predicted to experience 

uncertain snow conditions in the near future, and securing snow availability is therefore an 

important strategy (Moen & Fredman, 2007).  



 

 

 

Figure 1. Map of the study area in Sälen (Malung-Sälen municipality, Dalarna province) 

 



 

 

 

The development of Sälen as a tourist destination started in the 1920s with the construction 

of the railway system (SkiStar, 2012). Another milestone in this development was the 

creation of the cross-country ski race Vasaloppet, which first took place in 1922 and starts in 

Sälen (Vasaloppet, 2012). The town’s first downhill ski slope opened in 1946 and the first lift 

started operating three years later. Since the 1960s, Sälen’s development and expansion 

have been prosperous. Tandådalen opened its first lift in 1963, followed by Hundfjället in 

1966. In the period of the 1970s and 1980s the tourist infrastructure of the existing resorts 

was developed in addition to two new resorts, Stöten and Kläppen, that started operating 

(Personal communication with the representatives from the company SkiStar, May, 2012). 

The positive macro-economic situation in the 1970s, with investments from both public and 

private investors, together with the positive effect that Ingemar Stenmark’s alpine skiing 

success had on the sport, promoted the development of downhill skiing destinations in 

Sweden. The destinations changed from small-scale summer tourism to large-scale alpine 

skiing winter tourism (Bodén & Rosenberg, 2004). This positive boost to tourist areas 

changed in the 1980s and early 1990s. A period of economic recession affected the tourism 

industry in the form of fewer visitors and reduced investments. The industry had to either 

adapt to this new situation, or act. A large company was established in Sälen that 

purchased several smaller companies and was able to control and lead the restructuring of 

the village’s tourism industry (ibid.). 

 

Results 

Developing the destinations and adopting new strategies 

Sälen has in recent years developed strategies to create more tourism products in summer 

and to try and diversify its winter tourism offering. These measures are all aimed at 

broadening the destination and reducing its total dependency on snow for downhill skiing. 

At the same time, resorts in Sälen are investing in more efficient and powerful snowmaking 

equipment and expanding the downhill skiing areas. These strategies of destination 

development all aim in different ways at coping with the uncertainty created by snow 

shortage and weather variations during the winter period. However, our interviews with 

tourism stakeholders made clear that they do not perceive these development strategies as 

adaptation strategies to climate change.   

 

The tourism developers argue that there is a need to differentiate between climate change 

and weather variations. This means that unusually warm, snow-deficient winters are still 

thought of as exceptions that businesses have to accept and prepare for. The companies 

are still confident in their strong focus on downhill skiing and the winter season, which is 

interesting given that both short- and long-term scenarios predict that climate change, will 

have serious consequences for this destination (Freedman & Moen, 2007; Swedish 

Government, 2007). The persistence of the developers’ view was also supported by 

Andersson (2008), who pointed out that managers of the resorts in Sälen are sceptical of 

the idea of adopting explicit adaptation strategies, as they do not consider climate change 

to be a real threat. Additionally, the company SkiStar did not consider the increased 

operating costs for snowmaking or changes in the landscape due to the construction of 

snowmaking facilities to be controversial, according to Andersson (ibid.).  



 

 

 

 

One of Sälen’s main goals is to develop a strong summer in addition to its focus on winter 

tourism by attracting more or less the same target group as the one that visits ski resorts 

during the winter – active families with children and people who take part in outdoor sports. 

The activities available to visitors in summertime include hiking, downhill and mountain 

biking, golf, sport competitions (running, cycling, etc.) and training camps (SkiStar, 2012a). 

Outdoor activities utilising the surrounding mountain terrain can be combined with the 

possibilities of indoor activities at the newly opened centre, Experium, which offers an 

aquapark, spa facilities, bowling and indoor shopping.  

 

Snowmaking in Sälen 

As mentioned in the previous section, the resorts that SkiStar operates in Sälen consist of 

two sub-areas that have operated as one destination since 2012. These are 

Tandådalen-Hundfjället (650-890 masl) and Lindvallen-Högfjället (730-1,000 masl) 

(Skiresort Service International GmbH, 2012). Tandådalen-Hundfjället currently operates 

100 snow cannons (Bergqvist, 2009) which are crucial for the extensive snow production in 

this area and motivated by SkiStar’s policy of being the first resort to open in the winter 

season. The operational manager of this resort stress that its heavy reliance on artificial 

snow has helped to secure its early opening several seasons in a row, which is a very 

important part of its marketing plan (personal communication, operational manager, 

Tandådalen-Hundfjället, June 2012).  

 

Interviewed representatives from Kläppen and the resorts operated by SkiStar made it clear 

that it would be difficult or even impossible to guarantee their ski season from 

November/December until May without producing snow. Kläppen is situated in a lower-lying 

valley and is even more dependent on artificial snow. According to one of the managers, “It 

would only be possible to operate one month per year if we had to rely 100 per cent on 

natural snow” (personal communication, operational manager, Kläppen, September 2012). 

All the winter sport resorts in Sälen can cover their downhill skiing slopes with artificial snow 

if necessary. They have also made recent substantial investments in the expansion and 

improvement of their snowmaking equipment. The issues of energy and cost efficiency are 

top priority for these resorts (personal communication with managers of SkiStar and 

Kläppen resorts, June 2012). 

 

Our examination of energy and water consumption at the SkiStar-owned areas and 

Kläppen resort did not reveal any significant differences. Major challenges for the resorts lie 

in the possibilities of securing sources for increased water consumption. During the winter 

season 2008/09 the area of Tandådalen-Hundfjället had a total water consumption of 

240,000 m3, of which some 1,400,000 m2 of piste area was provided with artificial snow 

(interview with SkiStar manager, June 2012). Annual energy consumption amounted to 

4,458,000 kWh (Bergqvist, 2009). The areas at Lindvallen-Högfjället are currently operating 

80 snow cannons. During the winter season of 2008/09 these resorts had a total water 

consumption of 366,000 m3, from which a piste area of 950,000 m2 was provided with snow. 

Lindvallen-Högfjället’s annual energy consumption amounted to 4,813,000 kWh (Bergqvist, 



 

 

 

2009).  

 

The areas operated by SkiStar only face one side of the mountains, which results in water 

flowing back to the creeks and lakes where it was taken from during the snowmelt. However, 

the recent expansion of snowmaking has resulted in increased water consumption. 

Recently, SkiStar applied for and received permission for additional water withdrawal from 

the river Västerdalälven (interview with the representative from the Country Administrative 

Board of Dalarna, December 2012). The extensive construction work connected to the 

set-up of the additional water withdrawal has had obvious consequences for the vegetation 

in this area.  

 

There are strict regulations and restrictions regarding the amount of water the resorts are 

allowed to use for snow production. The Environmental Court, Country Administrative 

Board and Swedish Environmental Board regulate the permissions concerning the specific 

conditions under which companies are allowed to consume this water. As we noted during 

the interview with the representative from the County Administrative Board, companies in 

Sälen are under strict surveillance due to the fact that in 2011 water use in the area came 

close to the limit of what is possible without causing major environmental damage (interview 

with representative from the County Administrative Board, December 2012).  

 

The ski resort in Kläppen has approximately 300 snow cannons, 80 of which produce snow 

for the season that lasts between November and March (interview with the manager at 

Kläppen, September 2012). The total piste area covered by artificial snow is 1,650,000 m2 

which is slightly larger than the SkiStar resorts. This resulted in a high total water 

consumption that reached some 550,000 m3 during the winter season of 2008/09 (Bergqvist, 

2009). However, annual energy consumption for the whole business during the winter 

season of 2011/12 amounted to 4,684,000 kWh, which is in the line with the resorts owned 

by SkiStar (interview with the manager at Kläppen, September 2012).  

 

The water supply is secured from Västerdalälven, the same river now also used by SkiStar. 

In addition, in order to ensure future water supply, Kläppen’s owners are planning to build a 

reservoir on top of the mountain. However, according to the representative from the Country 

Administrative Board, obtaining a permit for its construction may be a lengthy process due 

to overall environmental considerations. Possible intervention into the local environment 

would not only have serious consequences for the biological diversity of the ecosystem, but 

would also affect the overall appearance of the landscape. The company is obliged to come 

up with a strategic plan concerning the water body it wishes to create artificially on the top 

of the mountain, which must be constructed as a part of the landscape and should be 

available for recreational use in summer (interview with representative from the County 

Administrative Board, December 2012). 

 

In addition, the ski slopes in Kläppen are created using all sides of the hill, which means 

that not all of the water drawn from the river Västerdalälven flows back to it. The snow 

melting season thus results in a redistribution of water and the creation of man-made 



 

 

 

creeks on both sides of the mountain. Moreover, Kläppen’s water consumption is, according 

to the source at Dalarna’s County Administrative Board, “at its allowed capacity limits, in a 

similar way to the resorts owned by SkiStar”. In light of increased weather variability and 

predicted higher risks of landslides and increased erosion of natural landscapes in this part 

of Sweden, this extensive use of land leads to change in the runoff conditions and results in 

an overall greater vulnerability of both local ecosystems and man-made infrastructure 

(Swedish Government, 2007, p.172).  

 

Heavy reliance on artificial snow production is a fact for the studied ski resorts in Sälen. The 

downside of this development becomes obvious when the resorts’ water consumption 

reaches its limit. Another significant consequence of the heavy reliance on snowmaking is 

the destruction of the natural mountain landscape where lift poles, water pipes and large 

areas of prepared land strips strongly affect the quality of outdoor recreation in the area 

during the summer season. The strong focus on downhill skiing including industrial 

snowmaking is actually in conflict with other strategies connected to the diversification of 

tourism products and stronger focus on summer tourism activities. Activities such as hiking 

are seriously affected by the snowmaking infrastructure in the mountain landscape, 

whereas downhill mountain-biking might be an activity that could make use of the lifts and 

slopes in summer. 

 

Snowmaking in Austrian low-lying winter sport destinations 

The low-lying Austrian Alpine ski resorts of Zauberberg, Werfenweng and St Anton am 

Arlberg were used as comparisons with their Swedish counterparts. Over the last decade 

these destinations have made a considerable amount of investment both to improve tourist 

facilities and to cover the costs for the considerable extension of snowmaking facilities (Tirol 

Tourism Research, 2012a). During the financial year 2011 Austria invested €102.3 million in 

artificial snowmaking facilities (Tirol Tourism Research, 2012). At the current stage more 

than 70% of the Austrian Alps can be provided with artificial snow (Der Standard, 2012). 

All three Austrian ski resorts are involved in the extension of their snowmaking facilities and 

consequently have had to increase their water supply. In 2007 Zauberberg constructed a 

new reservoir which allows it to provide sufficient snow cover for the whole area in only 

seven days, if the weather conditions are right (Lower Austria 2007). Werfenweng is able to 

cover its slopes with 100% artificial snow (Bergbahnen Werfenweng, 2012). A similar 

development took place in St Anton am Arlberg with the 2005 completion of the pump 

storage plant Kartell, which meant that the resort’s energy supply has been self-sufficient 

since 2006 (Tourism Association, 2012).  

 

St Anton am Arlberg’s ski runs are situated much higher than the two other Austrian resorts’ 

(Zauberberg and Werfenweng), between 1,304 and 2,811 masl, meaning it is able to rely on 

natural snow conditions. Despite that, it would be possible to cover nearly 96% of the 

slopes with artificial snow. During the winter season 2011/12 the resort had a total water 

consumption of approximately 600,000 m3 and energy consumption amounted to 3.5 million 

kWh (Tourism Association, 2012).  

 



 

 

 

Furthermore, according to the representative from Werfenweng interviewed for this study, 

the destination managers are very aware of the negative impacts of artificial snow 

production, which causes high levels of water and energy consumption and also alters the 

natural landscapes of the utilised areas. They agree that “one has to realise that the 

importance of winter sport tourism (alpine ski tourism) will decrease in the long term” 

(personal communication with representative from Werfenweng, August 2012). Therefore, 

according to Austrian developers, the needs of the winter season cannot take over their 

planning strategies for the rest of the year. Another Austrian developer highlighted this:  

The establishment of the new ski runs will destroy the landscape. This will have an 

enormous negative effect for the development of summer tourism. Our destination will 

fail to appeal to and attract tourists (personal communication with representative from 

Werfenweng, August 2012). 

Another developer from Austria adds that this “summer season is going to be much longer – 

approximately 300 days – and the winter season much shorter – only 65 days. Alternatives 

like wellness products in tourism are not enough to compensate a winter with little snow” 

(Tourism Association, 2012). This statement is supported in practice by the fact that since 

1997 the Werfenweng has been the model destination for ‘SaMo’, or soft mobility, meaning 

holidays without a car. Nowadays the destination is a member of the Alpine Pearls, a 

network of other tourist destinations focusing on soft mobility, which implies tourist arrival by 

train (personal communication with representative from Werfenweng, August 2012).  

 

In principle the expansion of the winter sport destination and its reliance on artificial snow 

production follows the same pattern in both Sweden and Austria as far as the examples are 

concerned. It is interesting to note that St Anton am Arlberg, with three times more total 

length of slopes than resorts in Sälen, has a lower energy consumption for its artificial snow 

production (3.5 mil kWh compared to the levels of 4.4–4.8 mil kWh in the Sälen area). Its 

water consumption of 600,000 m3 is comparable to similar levels of 550,000 m3 at the resort 

in Kläppen. The altitude of the resort in St Anton is one of the major factors behind better 

natural snow conditions, allowing it to reduce both energy and water consumption during 

the winter.  

 

This means that resorts in Sälen are in fact more vulnerable to variations in weather 

patterns as well as to expected climate change. Some of them already rely more on artificial 

snow production than on natural snow, which may become even more costly in the nearest 

future. In this situation the big SkiStar group has an advantage over its competitors in 

Kläppen in that it is able to spread the risks of increased expenditure on artificial snow 

production as it owns almost 60% of the winter sport activities in Sweden.  

 

Summary and Conclusions 

In this study we examine the views of different business representatives as well as 

representatives from public organisations on adaptive strategies for coping with a warmer 

climate. It is clear that the adaptation strategies implemented by winter tourism destinations 

in Sälen help them to moderate the negative consequences of shortening winter seasons. 

Evidently based on the previous research on perceptions of the effects of climate change 



 

 

 

on winter tourism destinations among tourism business representatives, they do not always 

acknowledge climate change as an important issue that directly affects their business. 

Where this is the case we cannot expect to find explicit adaptation strategies, but rather 

encounter different strategies of development that take into account the uncertainty related 

to the scarcity of snow and the uneven temperatures in winters. When looking at what the 

different stakeholders’ plans for future developments it is possible to distinguish adaptation 

strategies towards changing preconditions for winter sport tourism, especially downhill 

skiing.  

 

Those that we interpret as adaptation strategies are mainly focused on maintaining the 

mass touristic character of winter sports destinations and even extending the production of 

downhill skiing. These strategies of adaptation and development demand continued 

intensive snowmaking and an even accentuated quest for snow.  

In addition to the overall quest for snow when temperatures are rising and winters are 

unpredictable in Sweden and in lower-lying regions of the Alps, the studied destinations are 

trying to develop stronger summer seasons. Through marketing and developing new 

outdoor recreation products and indoor activities, Sälen is trying to overcome its 

dependence on downhill skiing as its sole and dominant activity. The strategy of developing 

summer tourism is problematic, however, not least in relation to the parallel advance in 

increased snowmaking. The slopes and mountains are becoming highly exploited and 

covered with lift poles, water pipes and bare soil, not really suitable for a variety of summer 

recreation activities.  

There are many similarities between Sälen and some of the destinations in the Alps studied 

in this paper. They all plan to continue to make a substantial amount of snow to secure their 

downhill skiing in the winter. At the same time the ski resorts in Austria in lower-lying regions 

are beginning to take notice of the problematic relation between increased snowmaking and 

successful summer tourism activities. The interviews revealed some critical points on the 

sustainability of snowmaking, and at some resorts the development of summer activities is 

prioritised more highly than increased snowmaking.  

At the same time as we take notice of these differences between the Swedish and Austrian 

ski resorts studied, we can also conclude that there are some important differences 

between the Austrian Alps and the southern parts of the Swedish mountains that should be 

considered, such as the broader spectra of development possibilities available in the Alps, 

where it is possible to relocate tourism activities to higher or lower altitudes within the same 

region. In Sweden the altitudes are very similar in a given region, and the options to develop 

summer tourism are necessarily opposed to increased snowmaking, since all these 

activities have to take place on the same mountain. However, even if it seems like the 

possibilities for developing summer activities are more prosperous in the Austrian ski 

resorts than in Sälen, the vulnerability of snowmaking to climate change is quite similar in 

both. If the skiing destinations are to continue relying on mass touristic downhill skiing, an 

increased quest for snow with an increasing pressure on water systems, landscapes and 

environment is not an unlikely scenario. The changing climate will then lead to even larger 

consumption of energy and water and will eventually end up at the limits of the destination’s 

carrying capacity. 
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