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Abstract

In many alpine regions, ski tounism 1s the most important contrbutor to the local economy. This study
examined the impacts of poor winter seasons on the accommodation sector and the adaptive capac-
ity of snowmaking with regard to climate change in Tyrol. In lower elevated destinations a significant
correlation between the number of winter sport days and overnight stays (r* = 0.6) can be found. A
degree-day model and a climate scenario of +2°C were used to assess future ski season length. Current
snowmaking intensity will not be sufficient for lower areas to reach the necessary ski season length. But
with an intensification of 150% this goal could be achieved. Thus technical snow-reliability would be
given 1n 92% of Tyrolean ski resorts. Nevertheless nsing snowmaking costs and decreasing skier days
will accelerate the structural change in the winter sport industry.
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1 Introduction

Ski tourism is highly dependant on climatic parameters like low temperatures and
sufficient snowfall and therefore a segment of tourism that attracts much attention
of the media when dealing with impacts of global warming. As temperatures and
the average snowfall line are to rise with an ongoing warming trend resulting in less
snow depth, ski resorts are assumed to be one of the first losers of global warming.
Since the 1980s, several studies have been carried out for example in Switzerland
(Abegg 1996, Biirki et al. 2005, Miiller & Weber 2007), Austria (Breiling et al. 1997,

Kromp-Kolb & Formayer 2001, Wolfsegger et al. 2008), Germany (Harrer 1996),

Australia (Galloway 1988, Konig 1999 Hennessy et al. 2003), Canada (McBoyle et al.

1986, McBoyle & Wall 1992, Scott et al. 2002, 2003) and the U.S. (Lipski & McBoyle
1991, Scott et al. 2006). Except Hennessy et al. and Scott et al. including snowmak-
ing in their modelling, these represent the 1st generation of climate impact studies
on winter tourism, analysing natural snow-reliability and the perception of climate
change by tourists and stakeholders. The recent OECD report (Abegg et al. 2007)
provided an overview of natural snow-reliability all over the Alps. It concludes that
with a 2°C warming only 60% of today’s skiing areas (total 666) will remain snow-
reliable, declining even to 30% in a 4°C scenario (Abegg et al. 2007). Snowmaking as
an adaptation strategy is not considered, but its implementation in coming studies is
essential, as for example in Tyrol 75% of all ski slopes are covered by snowmaking
facilities (Fachverband der Seilbahnen Osterreichs 2008), even reaching into high el-
evations like in Obergurgl (up to 3,027 m). Although the diffusion of snowmaking
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cannot be attributed solely to shortening ski seasons length and rising temperatures
(Mayer et al. 2007, Ptdbstl 2000), it 1s the most utilised adaptation strategy to cli-
mate change. Scott et al. (2002, 2003, 2000) developed a complex ski season model
including snowmaking for the first time and applied it in Canada and the U.S. They
found out that former studies significantly overestimated the reduction of ski sea-
son length and therefore the impacts on ski tourism. In this study, a more simple
approach, first carried out for ski resorts in the Bavarian Alps (Steiger 2007a), was
expanded and applied on Tyrol.

2 Impact of winter seasons with poor snow conditions on
the accommodation sector

The extraordmary warm 2006/07 winter season all over the Alps with winter tem-
peratures in Tyrol 3.5-4.0°C above the 30-year average 1971-2000 (ZAMG 2007)
represents an average season mn the PRUDENCE regional climate model projections
(+2.0 to +4.0°C in the Alps) for the period 2071-2100 (Christensen et al. 2007).

Analysing the tourism statistics and climate data from 1975/76 to 2006/07, a
correlation between snow conditions (number of winter sport days; days with a
minimum snowbase of 30 cm) and overnight stays can be found at low elevated
ski resorts in the Kitzbiihel region compared to the climate station “Hopfgarten”
at 600 m (figure 1): A certain dependency seems to exist (r* = 0.0), but less than ex-
pected. There is no coherence of above/below average snow conditions in one year
and change of overnight stays in the following year (r* = —0.1). Other factors like
the economic situation in the tourists’ country of origin (e.g the slump 1993/94 to
1996/97 caused by the recession in Germany, the most important market), or gen-
eral tourism trends (e.g reduced length of stay) have significant influence on tour-
ism statistics.

For higher elevated ski resorts like Sélden or St. Anton, no correlation can be
found (r* = —0.1, resp. r* = 0.2). This can be explained by the altitudinal range of
the sking areas (Solden 1,353-3,249 m and St. Anton 1,290-2,810 m), with major
parts above 2,000 m, which can be considered as natural snow-reliable (Abegg et al.
2007).

Surprisingly, a positive effect of snowmaking on the dependency of overnight
stays on snow conditions cannot be seen, although the variability of operating days
of the skiing area has been significantly reduced since the implementation of snow-
making (Steiger 2007b). From 1975/76 to 1990/91, a period where most of the
ski regions of the research area did not have snowmaking, the correlation between
overnight stays and snow conditions in the Kitzbthel region was less (r* = 0.4) than
from 1991/92 to 2006/07 (¢* = 0.7), although in 2006 at least 50% of the slopes in
each skiing area were covered by snowmaking facilities, with highest values reaching
to 95% (Steiger 2007b).
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Figure 1: Type of winter season and change of overnight stays in the Kitbiihel region from 1974/ 75-2006/07. The
nype of winter season is defined by the difference of the number of winter sport days compared to the 30-year average
(mredian). Very bad= —100%, bad = —95%, average 1o bad = —50%, average to good = +50%, good = +100%,
very good = >+100%.

3 The suitability of snowmaking as an adaptation strategy
to climate change

Snow reliability is the key factor for the success of a winter destination. As it is a
rather abstract term, Abegg (1996) formulated the 100-days-rule as a definition for
natural snow-reliability: ski resorts can be considered as snow-reliable if, in 7 out of
10 winters, a sufficient snow depth of at least 30-50 cm is available for ski sport
on at least 100 days between December 1 and April 15. Using snow data, the line
of snow-reliability can be assessed easily. Hence, if the middle-point of a ski area
ts above that line, the ski resort is snow-reliable. Following this methodology, today
76% of all Tyrolean ski resorts are snow-reliable, in a 2°C warmer future scenario it
would drop down to 41%.

The area-wide use of snowmaking requires an embedding of snowmaking in
this definition. To differentiate between natural snow-reliability and snow-reliability
achieved by snowmaking, the latter will be called technical snow-reliability.

31 Methodology
The snowmaking module integrated in the snow model consists of three major

components: A threshold in daily average temperature for the start of snow produc-
tion, average snowmaking capacity derived from interviews with ski resort manag-
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ers, and the calculation of snowmelt. With current snowmaking technology snow
can be produced starting at —3°C, if humidity is below 80% (Probstl 2006). As pro-
ducing snow with marginal temperatures results in higher energy costs, less capacity
and poor snow quality, a temperature threshold of —6°C (Steiger 2007a, Breiling et
al. 1997) 1s being used.

Using daily average temperatures, it is necessary to relate these to daily minimum
temperatures. By dint of Fliri’s (1974) climate tables, a strong correlation could be
found between —2°C daily average temperature and —6°C daily minimum tempera-
ture. Thus days with a daily average temperature of —2°C will be defined as poten-
tial snowmaking days. Furthermore snowmaking is only considered reasonable if it
can balance out the loss by snowmelt per month. Natural snowfall 1s not included mn
the model because of two reasons: the range of precipitation changes calculated by
climate models 1s too high to be implemented in the model (Christensen et al. 2007).
Besides that a snowmaking system must be able to provide snow-guarantee inde-
pendent of natural snowfall due to high mvestment and operating costs, therefore
natural snowfall must not be included in the model when speaking about technical
snow-reliability.

Snowmaking capacity varies from one skiing area to another depending on the
type of snowmaking system (fan guns, air water guns), the density of snowmaking
guns on the ski slopes and of course if the system 1s state-of-the-art or older tech-
nology. An average of 5 snowmaking days to be able to open the ski slope was de-
rived from interviews with ski resort managers (Steiger 2007a).

Snowmelt 1s calculated by a degree-day model with a degree-day factor-range of
2 mm and 3 mm respectively, which seems to be sutable for winter months in the re-
search area (Steiger 2007a). The run-off water equivalent can be converted to snow-
melt using the average density of groomed technical snow of 523 g/l (Rixen et al.
2004), thus 1 mm run-off water equivalent means 1.91 mm melted snow depth.

The minimum snow depth for alpine skiing is 30 cm and 50 cm respectively in
stony areas with poor vegetation (Abegg 1996). As technical produced snow-density
ts higher than natural snow-density, 20 cm of groomed technical snow are required
in order to get an adequate ski slope (Steiger 20072). Using the following formula the
required number of snowmaking days can be calculated:

Reguired number of snowmatking days = [((Degree-days/ month) * F) * 1.91] * S¢

with F = degree-day factor (2 mm and 3 mm respectively) and Sc = snowmaking
capacity. Hence, if the number of potential snowmaking days per month is greater
than the required number of snowmaking days, the month can be defined as suitable
for snowmaking, To compare these results with older studies not including snow-
making, the line of technical snow-reliability is calculated similar to the line of natu-
ral snow-reliability: Using the 100-days rule (Abegg 1996), elevations where snow-
making can provide 100 wintersport days (min. 20 cm) without any natural snowfall
in 9 out of 10 winter seasons can be defined as technical snow-reliable.
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3.2 Compliance of climatological requirements for snowmaking at three
Tyrolean climate stations

With these prerequisites, datasets (1971-2000) of three climate stations in Tyrol were
analysed: Kufstein 495 m, St. Anton 1,275 m and Patscherkofel 2,247 m. Monthly
varying vertical temperature gradients could be calculated thus inter- and extrapolat-
ing temperature from 500 to 2,400 m.

Figure 2 identifies the problem of generalised statements about the suitability of
snowmaking, At present (30-year average 1971-2000) snowmaking can guarantee
snow-reliability at elevations above 1,000 m (Dec—Feb) mn 90% of all winters. With
an expected warming of 2°C (timeline 2021-2050) current snowmaking intensity
(5 snowmaking days for 20 cm groomed technical snow) will not be sufficient below
1,400-1,600 m. This implicates severe problems for Tyrolean ski resorts as today
92% are technical snow-reliable, but in the +2°C scenario only 41% can be consid-
ered as technical snow-reliable.

One possible and the most used technical adaptation strategy is to increase snow-
making capacity to be able to produce sufficient snow in less than 5 days. The
snowmaking industry’s target snowmaking time to adapt to rising temperatures is
48 hours (Mountain Manager 2007). Some ski resorts recently upgraded their facili-
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Figure 2: Elevations suitable for snowmaking today and with a 2°C warming. To caleulate today’s technical snow-
reliability it is assumed that 5 snowmaking days (sds) are required. The figure illustrates the possibility to adapt to
warming by increased snowmalking capacity to 2 snowmaking days. The range of uncertainty depends on the degree-day
Jactor (2 mm/ 3 mm) chosen
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ties to open the ski runs after 3 days of snow production giving competitive advan-
tages especially for the season opening and Christmas holidays (e.g Schladming, Re-
iteralm, Saalbach-Hinterglemm).

An mntensification of snowmaking capacity by 150% (2 instead of 5 snowmaking
days) would enable ski resorts to keep current technical snow-reliability (92% of ski
resorts would be technical snow-reliable).

From a technical point of view, snowmaking will be possible in the future as there
will still be some days suitable for snowmaking even at low elevations. This, how-
ever, will be at much higher cost than today as:

1. potential snowmaking days will decrease by 21-44%!*' and
2. the demand for technical snow will rise by 71-166%" due to a higher snowmelt
rate (higher temperatures).

These two factors put together can be defined as snowmaking intensity, which will
have to be increased by 174-280%" to reach equal snow depth on the ski slopes
compared to today.

4 Discussion and conclusion

The atorementioned 1st generation impact studies on ski tourism rightly attracted
alot of attention mn the 1990s as consequence of some consecutive bad winter sea-
sons at the end of the 1980s and early 1990s. The rapid diffusion of snowmaking
and the shift from punctual snowmaking to area-wide snowmaking demands a 2nd
generation of impact studies to assess future chances and risks of regions depend-
ant on ski tourism. This study’s approach showed, that global warming will not have
as dramatic impacts on ski resorts and on snow-reliability as assumed by 1st gen-
eration studies. Nevertheless it would be blue-eyed to perceive snowmaking as a
panacea for all ski regions. Rising energy prices, tising demand in snow production,
shorter ski seasons, a rather declining number of skiers not least because of the de-
mographical change, might intensify competition and some financially weak skiing
areas will drop out of the market.

The research gap for 2nd generation impact studies is challenging: More complex
snow models like in Scott et al. (2003) have to be established and implemented. As
snowmaking is not driven by daily average temperature but by the number of hours
with adequate temperature-humidity conditions, it is necessary to calculate these po-
tential operating hours with more detailed climate data. The modelled results should
be compared to measured data in the skiing areas (produced snow, operating hours,
etc.) to adjust model parameters. Besides snow modelling, findings in the cost of
snowmaking and consequently in the profitability of skiing areas are fundamental
for any conclusion on the suitability of ski tourtsm. Moreover, further research in
the development of demand is needed. Thanks to the 2006/07 season, an analogue
year is available representing an average season in the future. The real behaviour of
skiing tourists and the influence of mass media coverage of bad snow conditions

b values depending on elevation and month
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on their perception should by analysed and finally, a standard of modeling snow-
reliability should be aspired (Scott et al. 2003).

References

Abegg, B. 1996, Klimadnderung und Tourismus. Klimafolgenforschung am Beispiel des Wintertourismus in den Sch-
weszer Alpen. Schlussbericht NFP 31, Ziirich

Abegg, B. S. Agrawala, E Crick & A. de Montfalcon 2007, “Climate change impacts and adaptation in
winter tourism”, in: Agrawala, S. (eds), Climate change in the European Alps, Paris, 25-60

Breiling, M. P. Charamza & O. Skage 1997, Klimasensibilitat Osterreichischer Bezirke mit Besonderer Beriicksich-
tigung des Wintertourismns, Report 97:1, Institute for Landscape Planning, Vienna

Biirki, R., H. Elsasser, R. Abegg & U. Koenig 2005, “Climate change and tourism in the Swiss Alps”, in:
Hall, C. & J. Higham (eds.), Tourism, Recreation and Climate Change, London, 155163

Christensen, ]. H. & O. B. Christensen 2007, “A summary of the PRUDENCE model projections of
changes in European climate by the end of this century”, Climate Change 81, 7-30

Fachverband der Seilbahnen Osterreichs 2008, interview with Dr. Ingo Karl

Flivi, E. 1974, Niederschlag und Lufttemperatur im Alpenranm, Innsbruck

Galloway, R. W 1988, “The Potential Impact of Climate Changes on Australian Ski Fields”, in: Pear-
man, G. (ed) Greenhouse Planning for Climate Change, Melbourne, CSIRO Publications, 428437

Harrer, B. 1996, Wiertschafisgeographische Auswirkungen einer verdnderten ikologischen Sttuation — Konsequenzen
Jiir den Wintertourismus in Deutschland, Schriftenreihe des DWIF 47, Bonn

Hennessy, K., P. Whetton, I. Smith, ]. Bathols, M. Hutchinson & J. Sharples 2003, The émpact of climate
change on snow conditions in maintand Anstralia, Aspendale

Koénig, U. 1999, “Climate Change and Snow Toutism in Australia”, Geoagraphica Helvetica 54(3), 147-157

Kromp-Kolb, H. & H. Formayer 2001, Kimadnderung und migliche Auswirkungen auf den Wintertourismus
in Salzburg, Salzburg

Lipski, S. & G. McBoyle 1991, “The impact of global warming on downhill skiing in Michigan”, East
Lakes Geographer 26, 37-51

Mayer, M,. R. Steiger & L. Trawdger 2007, Technischer Schnee rieselt vom touristischen Machbarkeit-
shimmel — Schneesicherheit und technische Beschneiung in westosterreichischen Skidestinationen
vor dem Hintergrund klimatischer Wandlungsprozesse, Mitteilungen der Osterreichischen Geagraphischen
Gesellschaft, 149, 157-180

McBoyle, G. & G. Wall 1986, “The resiliency and sensitivity of downhill skiing in Ontario to climatic
change”, in: Lewis, |. (ed.), Proceedings of the Eastern Snow Conference, Hanover, 94105

McBoyle, G. & G. Wall 1992, “Great Lakes skiing and climate change”, in: Gill, A. & R. Hartmann
(eds.), Mountain Resort Development, Burnaby, 70—81

Mountain Manager 2007, “Gemini: Schneeerzeugung bei Klimaerwirmung”’, Mountain Manager 2, 8081

Miuller, H. & E. Weber 2007, Klimadnderung und Tourismms. Szenarienanalyse fiir das Berner Oberland 2030,
Bern

Probstl, U. 2006, Kunstschnee und Unnvelt. Entwicklung und Auswirkungen der technischen Beschneinng, Wien

Rixen, C., V. Stockli & S. Wipf 2002, Kunstschnee und Schneesusirze: Eigenschaften und Wirkungen auf Vegeta-
tion und Boden in alpinen Skigebieten, Davos



102 Robert Steiger

Scott, D, B. Jones, C. Lemieux, G. McBoyle, B. Mills, S. Svenson & G. Wall 2002, The Vuinerability of
Winter Recreation to Climate Change in Ontario’s Iakelands Tourism Region, Department of Geography
Publication Series 18

Scott, D, G. McBoyle & B. Mills 2003, “Climate change and the skiing industry in southern On-
tario (Canada): exploring the importance of snowmaking as a technical adaptation”, Climate Research
23(2), 171-181

Scott, D, G. McBoyle, A. Monique & B. Mills 2006, Climate Change and the Sustainability of Ski-based
Tourism in Eastern North America: A Reassessment, Jowrnal of Sustainable Tourism 14(4), 376-398

Steiger, R. 2007a, Klzmadinderung und Skigebiete im bayerischen Alpenraum, Bremen

Steiger, R. 2007b, “Snowmaking - A suitable Adaptation Strategy? Examples from Tyrol / Austria”, in:
Matzarakis A, C. de Freitas & . Scott (eds.), Developments in Tourism Climatology, Commission on Cli-
mate, Tourism and Recreation, International Society of Biometeorology, Freiburg, 178182

Wolfsegger, C., S. Gossling, I Scott 2008, Climate change risk appraisal in the Austrian ski industry,
Tourism Review International, in press

ZAMG 2007, Landeshauptstidte im Klimaspiegel, on: http://www.zamgac.at/klima/
klimaspiegel/?ts=1190967121 (28.09.2007)


http://www.zamg.ac.at/klima/

ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: IGF-Forschungsberichte (Instituts flr Interdisziplinédre
Gebirgsforschung [IGF]) (Institute of Mountain Research)

Jahr/Year: 2007
Band/Volume: 2

Autor(en)/Author(s): Steiger Robert

Artikel/Article: The impact of poor winter seasons on ski tourism and the role of
snowmaking as an adaptation strategy 95-102


https://www.zobodat.at/publikation_series.php?id=20816
https://www.zobodat.at/publikation_volumes.php?id=44562
https://www.zobodat.at/publikation_articles.php?id=243941

