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A B S T R A C T

Climate change will affect tourism as one of the sectors most dependent on natural resources. Due to the strong
dependency of many peripheral areas on tourism, climate change has the potential to destabilize regional
economies. The objective of this paper is to assess the impacts of climate change on ski tourism demand. A tourist
survey (n = 1957) with a choice experiment conducted in 53 ski areas in Austria provides the data for our
analyses. Results show that snow is the most important factor for destination choice. Nevertheless, preferences of
respondents are heterogeneous. Measures that enhance price-performance ratio, i.e. lowering lift ticket prices
and avoiding crowding, turn out to be the most suitable compensation for suboptimal snow conditions. As long
as substitute ski areas with better snow conditions exist, destinations with marginal snow conditions are likely to
face severe demand losses (up to 60%). Nevertheless, dynamic pricing has the potential to compensate medium
snow reliability. If all destinations are affected by deteriorating snow conditions, total demand reduces by 64% if
snow reliability is low. If these conditions and effects are limited to the beginning and the end of the ski season,
demand is projected to decline by 18%.

1. Introduction

Climate change is a major challenge in the 21st century affecting
both natural and human systems (IPCC, 2014). Economic sectors with a
high dependency on natural resources are particularly affected by a
climate change induced alteration of these resources. Consequently,
regional economies with a high dependency on such industries are fa-
cing an uncertain future and decision makers are required to assess
climate change risks and take action against potential impacts in order
to foster sustainable development.

The IPCC (2018) marked tourism as one of the key economic sector
affected by climate change. In many peripheral areas, tourism is an
important pillar for the economic stability. The European Alps are an
important example with 120 million guests (Permanent Secretariat of
the Alpine Convention, 2010), over 330 million overnight stays (Mayer
et al., 2011) generating directly and indirectly 15% of jobs (BAKBasel,
2018). The relevance of tourism is even more pronounced when looking
at the regional level, where tourism often represents the main economic
activity and source of income, especially in more peripheral and/or

higher elevated areas (Tappeiner et al., 2008).
Tourism in general is dependent on natural resources, as e.g. in the

Italian Alps where districts with high environmental performance
(measured by land degradation) tend to have a specialization in tourism
(Salvati and Carlucci, 2011). Tourism is also characterized by high fixed
costs (investments) or seasonal step-fixed costs (labor) (Adams, 2019).
Therefore, in this sector a region's economic success is especially de-
pendent on capacity utilization. Most tourism municipalities in the Alps
have a two peak season, with 48% of overnight stays being generated in
the winter season (ASTAT, 2018). Winter tourism is highly dependent
on natural resources, first and foremost on snow (Shih et al., 2009).
Lack of snow has repeatedly affected tourism performance indicators in
past winter seasons in the Alps (Abegg, 1996; Steiger, 2011b) and other
markets (Dawson et al., 2009; Pickering, 2011) and was also found to
have contributed to the permanent closing of ski resorts (Beaudin and
Huang, 2014).

With strong links to up- and downstream industries (e.g. food pro-
ducers, retail, construction, etc.) tourism has substantial multiplier ef-
fects (Castillo et al., 2017) and not only affects income, but also
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investments and intermediate input. A reduced winter tourism, ques-
tioning the profitability of the accommodation sector, could thus have
far-reaching consequences for the stability of tourism-dependent
economies.Without exaggeration, such a development has the potential
to change the economic and social landscape of the alpine arc.

Future prospects of winter tourism have repeatedly been questioned
due to the impacts of climate change, both in academia (Scott et al.,
2012; Steiger et al., 2019) and in public discussion (Ma and Kirilenko,
2019). The extent of the consequences, especially on a regional to local
level, still has not been fully clarified. Moreover it has been noted that
demand reactions to changing climatic conditions are still under-re-
searched (Gössling et al., 2012). In a recent review of the scientific
literature on climate change and winter tourism, Steiger et al., 2019
found that the majority (46%) of studies are impact and vulnerability
assessments focusing on the availability of snow, whereas skier beha-
vioral response studies represent the smallest group with only 10% of
studies. They concluded that more knowledge on potential tourist re-
sponses to changing climate conditions is required to better inform
decision makers on potential risks and opportunities.

With this paper, we want to contribute to a better understanding of
climate change impacts on tourism demand and to improve the
knowledge base for sustainable winter tourism development. The aim
of this paper is to estimate the reaction of winter tourists to potential
future snow scenarios. More specifically, we want to address the fol-
lowing questions:

- What are impacts on distribution of demand in a situation where one
destination has marginal snow conditions but nearby substitutes are
available versus a situation where all alpine destinations are af-
fected by snow deficiency?

- Which snow scenarios would still be bearable with corresponding
adaptation of suppliers and which scenarios have the potential to
trigger reactions that go beyond the tourism industry?

In order to investigate the above questions and to assess climate
change impacts for alpine regions, we also need to address the fol-
lowing questions on tourists' preferences:

- How important are anticipated and actual snow conditions for ski
destination choice?

- Are all current ski tourists equally sensitive to snow or do more and
less snow sensitive groups exist?

- Is it possible to compensate marginal snow conditions with addi-
tional non-snow activities?

It is neither possible to answer all of these questions with a high
degree of certainty nor to completely estimate the quantitative effects.
Although using quantitative methods, the contribution of this article is
to structure and both qualitatively and quantitatively assess customer
reaction, in order to draw evidence-based conclusions on regional ef-
fects of climate change and climate variability. Our approach con-
tributes to the climate change and winter tourism literature in several
novel aspects We use results of a choice experiment completed by a
sample of skiing guests in Austria representative (see Methods) for the
main source markets to simulate the impacts of climate change on
winter tourism demand. Hence, the simulation uses individual data and
additionally takes the heterogeneity of preferences and reactions to
climatic changes into consideration. We show demand changes both on
a local (i.e. individual ski areas) and on a market-level (i.e. Austria).
Finally, we investigate the potential of adaptation measures to com-
pensate deteriorating snow reliability and snow conditions.

2. Literature review

The scientific literature largely agrees that climate change re-
presents a serious risk to ski tourism (Steiger et al., 2019). Snow depth

and snow cover duration in the Alps have already declined in the 20th
century (Klein et al., 2016; Marty et al., 2017; Schöner et al., 2019) and
projections for the upcoming decades show a drastic decline especially
at elevations below 2000 m (Gobiet et al., 2014), an altitude where the
majority of Austrian ski areas is located. Consequently, the natural ski
season (not considering man-made snow) in Austrian ski areas is pro-
jected to almost half by the 2050s compared to 1981–2010 (Steiger and
Scott, 2020). Furthermore, extreme seasons may become more fre-
quent: the so far warmest winter ever recorded in the Alps (season
2006/07), likely the warmest of at least the last 500 years (Luterbacher
et al., 2007), might represent a normal winter by the end of the 21st
century (Beniston, 2007).

Climatic conditions required for snowmaking, a meanwhile wide-
spread technology to reduce the risk of lost operation days due to a lack
of snow (Steiger and Mayer, 2008), are projected to deteriorate as well
(Olefs et al., 2010; Spandre et al., 2015; Hartl et al., 2018). Never-
theless, snowmaking was found to considerably reduce climate change
impacts on winter tourism, e.g. for Austria where currently between 84
and 90% of ski areas can be considered as snow reliable (Steiger and
Scott, 2020) depending on the definition of the term, whereas without
snowmaking only 69% are snow reliable (Steiger and Abegg, 2013). A
ski area is considered to be snow reliable if it is able to operate for at
least 100 days per season (the so-called 100-days rule; Abegg, 1996). In
some studies a second indicator (the Christmas rule) is used in addition
to highlight the importance of the two weeks Christmas-New Year
holiday (Dawson and Scott, 2013; Scott et al., 2019). In both cases, the
rule needs to be fulfilled in seven out of ten years.

The share of snow reliable ski areas will decline to 80% by the
2050s and 31% by the 2080s, but already under the assumption that ski
areas would increase current snowmaking capacity (Steiger and Scott,
2020). Rising costs for snowmaking, both in terms of more required
investments and higher operating costs of higher capacity facilities,
raise the question of economic feasibility of this climate change adap-
tation strategy (Scott et al., 2008; Steiger and Abegg, 2018). Further-
more, snowmaking cannot fully offset snow deficiencies. Falk and
Vanat (2016) show that skier visits declined in French low elevation ski
resorts despite snowmaking facilities, whereas demand remained stable
in higher elevated ski resorts. Research on demand reactions is be-
coming increasingly important.

Revealed preference studies in different markets show that snow
depth has a positive impact on ski tourism demand (Hamilton et al.,
2007; Shih et al., 2009). However, the magnitude of impact is found to
differ remarkably between markets and season segments (Falk, 2015;
Falk and Hagsten, 2016; Falk and Vieru, 2016; Damm et al., 2017). A
positive relationship was also found for altitude of the ski area and
profit ratio (Falk and Steiger, 2019).

Analyses of extraordinary snow deficient winter seasons show that
total demand losses per season in such years range between 11% in
North American (Scott, 2006; Dawson et al., 2009; Rutty et al., 2017)
and European markets (Steiger, 2011a, 2011b) and up to 38% in Aus-
tralia (Pickering, 2011). Within these markets skier visits in low ele-
vation and small ski areas are found to be more sensitive to marginal
snow conditions than in larger and higher elevation ski areas. This
suggests that a substantial intra-market shift of demand might occur in
low snow years with potentially high impacts for certain types of ski
resorts (e.g. size and elevation) and regions despite relatively moderate
losses for the entire market (Rutty et al., 2015b).

Stated-preference studies with ski tourists demonstrate that snow is
the most important factor for destination choice (Richards, 1996;
Dickson and Faulks, 2007; Carmichael, 1992; Godfrey, 1999;
Riddington et al., 2000) and the primary constraint for participation
(Gilbert and Hudson, 2000; Joppe et al., 2013 for Quebec; Unbehaun
et al., 2008 for Austria). It is important to note that snow is represented
differently in these studies: some include snow as actual snow condi-
tions (e.g. Riddington et al., 2000; Won et al., 2008), which un-
doubtedly influences tourists' satisfaction and subsequently word-of-
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mouth recommendations (Matzler et al., 2019). Other studies in con-
trast include items that can be used to assess the likelihood of good
snow conditions, e.g. altitude or number of slopes equipped with
snowmaking (e.g. Unbehaun et al., 2008).

In case of a lack of snow, the majority of ski tourists would alter
their behavior (Steiger et al., 2019), marking this winter tourism ac-
tivity as potentially more sensitive than other winter recreation activ-
ities, e.g. snowshoeing or hiking (Smith et al., 2016). Spatial substitu-
tion, i.e. choosing a different destination with better snow conditions, is
identified as the most preferred type of substitution, while the share of
skiers stating to forego skiing trips in snow scarce winter seasons is
rather low (below 10% in most studies; Steiger et al., 2019). These
substitute destinations can be located within the same (regional)
market or in more distant markets, which may redistribute demand
geographically. Such demand leakages are found for Ontario, Canada
where 11–15% of respondents stated to be willing to travel to Québec
or nearby US states in case of a lack of snow in their usually preferred
ski resort (Rutty et al., 2015b). In Australia, potential leakage is found
to be even higher, with 16–38% of skiers to be lost to overseas desti-
nations (König, 1998; Pickering et al., 2010). This higher share might
be explained by an only small Australian market with few ski areas and
therefore fewer choice alternatives within the market as compared to
the example of Ontario.

Previous assessments focus on the type of substitution behavior in
past (Dawson et al., 2013) or hypothetical future situations (e.g. König,
1998; Unbehaun et al., 2008; Rutty et al., 2015a). Destination choice in
such situations has been only rarely investigated and rather uni-di-
mensional, e.g. that respondents decide to choose a ‘more snow reliable’
but not further characterized resort (e.g. price level of the substitute
resort). For example, Unbehaun et al. (2008) find in their discrete
choice experiment that the most important reactions of skiers to hy-
pothetical marginal snow conditions is to travel further, to book later in
order to be able to better evaluate snow conditions and to switch to
higher altitude resorts. As an exception, Rutty et al. (2015b) ask par-
ticipants to name the destination to be chosen instead of their usual
resort if it would suffer from a lack of snow. Nevertheless, the type of
ski resort and its characteristics remain very unspecific.

What has been largely overlooked to date is which ski resort char-
acteristics are relevant for the choice of alternative destinations in
snow-deficient situations and if and how non-optimal snow conditions
can be compensated by other attributes. To our knowledge the only
simulation study on climate change impacts on winter tourism demand
based on choice based conjoint results was conducted for cross-country
skiing for two destinations in Austria and Finland (Landauer et al.,
2012). As others have emphasized (Gössling et al., 2012; Scott et al.,
2012; Steiger et al., 2019), behavioral adaptation in the winter tourism
sector and its economic consequences for a region in adverse climate
conditions remains an under-researched area.

3. Methods

3.1. Survey and sampling

An in-situ survey was conducted in 53 ski areas in Austria (Fig. 1) on
34 different days between December 2015 and March 2016. The se-
lection of ski areas was based on location, to include all federal states;
on size, from local ski areas to internationally renowned; and on ele-
vation to include less and more snow reliable ski areas. This in-situ
survey was used to collect e-mail addresses for contacting the re-
spondents to participate in a larger online survey and to personally
address potential participants. Furthermore, a skiing weekend was
raffled among all participants who provided a valid e-mail address to
increase the response rate (Appendix 1). Visitors were approached in
the ski area, i.e. mountain restaurants, ski lifts and the ticketing area.
Thus, we only included winter guests practicing snow sports in the ski
area. Skiing (including other alpine snow sports such as snowboarding,

telemarking, etc.) is the main activity for 59% of winter guests and a
secondary activity for another 4% (Österreich Werbung, 2018). Con-
sidering that this also includes destinations with less skiing opportu-
nities (e.g. cities, spa regions and mountain destinations without ski
areas), the share of guests with skiing as main activity is likely to be
much higher in the destinations, which are in the focus of our research.

As the majority of winter tourists in Austria comes from German
speaking countries (Österreich Werbung, 2018), the survey was con-
ducted only in German language and therefore the results are gen-
eralizable, and representative (Appendix 3; Unbehaun et al., 2008;
Österreich Werbung, 2018) only for these source markets. The total
sample consists of 3673 respondents with 1957 persons staying for
more than one day (holiday-makers) which were used in this paper for
further analysis.

The online questionnaire (Appendix 2) consisted of a block of so-
ciodemographic variables (e.g. age, income), questions on skiing habits
(e.g. number of skiing days per year, commitment) and questions on the
importance of destination characteristics to identify respondents' pre-
ferences. To investigate our research questions, we used - among others
- the following three questions for analyses (#8, 9, 16 in Appendix 2).
First, participants had to select five out of 12 factors they perceive as
relevant for ski destination choice. These 12 factors resulted from a
review of previous winter tourism surveys (Richards, 1996; Godfrey,
1999; Dickson and Faulks, 2007; Unbehaun et al., 2008; Konu et al.,
2011; Pütz et al., 2011; Joppe et al., 2013; Phillips and Brunt, 2013).
Second, respondents had to rank the chosen factors to differentiate
them according to importance. Third, in order to identify skiers' sen-
sitivity and their willingness to visit a destination during marginal snow
conditions, four different snow scenarios were presented: valley run
closed; 25% of ski slopes closed; 50% of ski slopes closed; hardly any
natural snow, but ski slopes are covered with man-made snow. Re-
spondents then had to state whether they would intend to visit the
destination (yes, perhaps, no).

These questions all exhibit strengths and weaknesses of a stated-
preference survey. Using rating scales to assess preferences is associated
with some limitations, e.g. it is not appropriate to measure the distance
between ranks, or results may suffer from order bias. Furthermore, the
ranking conducted in a rather abstract situation might differ from a real
decision situation where several attributes are compared. We therefore
included a choice experiment with conjoint analysis as the second re-
search tool investigating the same phenomena in order to assess the
validity of results by being able to identify contradictions and simila-
rities.

3.2. Conjoint analysis

Conjoint analysis, as one method for choice experiments, originates
from socio-economic research, where many applications focused on
marketing issues (Rao, 2014). It is widely accepted that the decision
situation in a choice-based approach, where multiple attributes of
products are compared, is more realistic than other approaches
(Desarbo et al., 1995), e.g. ratings of single attributes. In the context of
destination choice, choice based conjoint analyses have been used for
alpine skiing (Riddington et al., 2000; Unbehaun et al., 2008; Won
et al., 2008), cross-country skiing (Landauer et al., 2012; Landauer
et al., 2013) and other tourism activities (Arnberger and Haider, 2005;
Lindberg and Fredman, 2005; Sorice et al., 2007; Pröbstl-Haider et al.,
2015).

The idea of a choice based conjoint (CBC) analysis is to analyse the
individual's repeated choices of different products under several hy-
pothetical choice options. Each choice option consists of several attri-
butes where each attribute is further differentiated by several levels. In
our case, we include six attributes with two to three levels (Table 1)
that are derived from a literature screening where attributes relevant
for destination choice are investigated (Simma et al., 2001; Unbehaun
et al., 2008; Konu et al., 2011; Landauer et al., 2012; Joppe et al., 2013;
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Bédiová and Ryglová, 2015) and from a pilot-study (n = 36) in winter
sports online forums.

We included two different attributes representing snow: an objec-
tive measure ‘Snow reliability’, which can be found on ski resort plat-
forms and homepages, and a subjective measure ‘Snow conditions
during last visit’, further referred to as ‘snow experience’. There might
be discrepancies between these two attributes, e.g. when a ski area only
has medium snow reliability but where respondents had good snow
experiences due to snowmaking or careful snow grooming. Therefore,
we wanted to be able to differentiate respondents' evaluation and re-
action to changes in one or both snow attributes. Being snow reliable is
important for ski areas to reduce the perceived risk of tourists to ex-
perience problems with insufficient snow conditions during the holiday.
Consequently, in ski areas with e.g. low snow reliability, the risk is
higher for marginal snow conditions than in ski areas with medium or
high snow reliability. Snow reliability is usually displayed as a rating
(e.g. stars rating) on web-platforms (e.g. skiresort.de; snowforecast.
com) where elevation, length of the snow season, cumulative snowfall,
etc. is included, while on ski destination web pages this term is often
associated with elevation or length of the ski season.

Each choice set consisted of four options: three ski areas with dif-
ferent characteristics and the option to not go on a skiing holiday if
none of the displayed ski areas meets the respondent's preferences. For

the choice-based conjoint analysis, we used a conventional approach
with a linear-additive random utility model and chose a hierarchical
Bayes method to estimate conjoint part-worth utilities (for details see
Lenk et al., 1996; Sawtooth Software, 2009). The option not to choose
any ski area can also be expressed by individual part-worth utilities
representing the individual threshold of acceptance of ski area char-
acteristics. The influence exerted by the individual attributes and levels
was estimated with a multinomial regression model (Train, 2009)

=
∑ ∈

i C
V

V
P ( | )

exp( )
exp( )n

i

j C jn

where P(i|Cn) is the probability that the respondent chooses a product
(ski area) i from its choice sets (Cn) and Vi is the utility value of product
i that is the sum of part-worth utilities of the product's attribute levels.

The survey and choice experiment were administered with
Sawtooth Software. The full set of scenarios, i.e. the total number of
possible combinations of all attribute levels, is 324. We decided to
choose a randomized design of presented choice sets in contrast to a
fixed orthogonal design, as the former can be more efficient in asym-
metric designs (Sawtooth Software, 2013), where attributes have dif-
ferent numbers of levels, as in our case (Table 1). Respondents had to
make their decisions for eight choice sets with three ski areas each and
an option to choose none of the presented ski areas.

The goodness-of-fit of the estimation was evaluated with the root
likelihood value (RLH), ranging from 0 to 1 per respondent. The im-
portance of each attribute is measured in percent representing the re-
lative importance of that attribute on the overall rating. The part-worth
utility value of each attribute level shows how (positively or negatively)
a level contributes to the evaluation of the alternative. Part-worth uti-
lities can be transformed monotonously without influencing their in-
terpretation, as the utility function is ordinal. For better readability and
interpretability, part-worth utilities were normalized resulting in values
between 0 (representing the least preferred alternative per individual)
and 100 (the most preferred alternative) per individual.

Fig. 1. Surveyed ski areas in Austria.

Table 1
Ski area attributes and levels.

Attribute Level 1 Level 2 Level 3

Lift ticket price ≤35 € 36–45 € ≥46 €
Ski area size (km of ski

slopes)
≤50 km 51–99 km ≥100 km

Snow reliability High Medium Low
Crowding Non-crowded Crowded –
Snow conditions during

last visit
Good
experiences

No experiences Bad experiences

Additional non-snow
activities

Many Few –

R. Steiger, et al. Ecological Economics 170 (2020) 106589
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3.3. Simulation study

We conduct a simulation study to improve the interpretability of the
CBC results. The starting point is a choice set with five options: four ski
areas with differing characteristics and the option to forego the winter
holiday. The utility Vi

j for ski area j of respondent i (i = 1, …, 1957) is
calculated with the row vector of zeros and ones (Dj) indicating the
presence/absence of the attribute levels in ski area j and the column
vector of part-worth utilities (bi) of respondent i:

= ∗V D bi
j

j i

If the utility value is below the individual's part-worth utility for not
choosing any ski area, then this person foregoes the skiing holiday, and
if the utility value is above that threshold, the person chooses the ski
area with the highest utility value.

The results are of course dependent on the choice set (i.e. how we
characterized the ski areas) and only variables being included in the
CBC are considered. Other aspects, which are known to influence des-
tination choice (e.g. price of accommodation, emotional bonds with
places or hosts) but that were not implemented in the CBC, cannot be
included in the simulation. The simulation is therefore a simplification
of reality in order to retrieve the importance of different effects ac-
knowledging that other not considered effects exist.

In a first step, snow reliability is set to ‘high’ and snow experiences
to ‘good’ in all ski areas, there is no crowding and only few additional
non-snow activities exist. The ski areas only differ in size and price.

In a second step, snow reliability is assumed to deteriorate in one ski
area (reference destination) while it is unchanged in the remaining ski
areas. Effects of lower snow reliability on demand are expected to be
strongest in this simulation step as alternative ski areas with better
conditions are available.

In a third step, the reference destination reacts to worsening snow
reliability with price discounts (i.e. price is reduced by one category)
and additional non-snow activities (i.e. many instead of few).

In a fourth step, we model the deterioration of snow reliability not
only locally, but as a wide-ranging incident, i.e. snow reliability
changes in all ski areas.

In a fifth step all destinations react to worsening snow reliability
with lower prices and additional non-snow activities.

With these steps two simulations, simulatoin 1 with changes only in
the reference destination and simulation 2 with changes in all desti-
nations, are run with three snow scenarios: in scenario 1 snow relia-
bility deteriorates to ‘medium’; in scenario 2 snow reliability deterio-
rates to ‘low’; and in scenario 3 both snow reliability and snow
experiences deteriorate to ‘low/bad’. While snow scenario 1 and 2 re-
present a situation with higher variability of snow conditions, snow
scenario 3 represents a series of bad winter seasons with a lasting ne-
gative impact on snow experiences.

By comparing these scenarios, we assess the magnitude of the im-
pact of marginal snow conditions and snow reliability with all above
described limitations.

4. Results

4.1. Survey results

The most frequently chosen factors for ski destination choice out of
12 factors are the snow conditions, price performance ratio and
crowding (Fig. 2).

Factors that are not directly related to skiing, such as landscape/
nature and additional leisure activities are chosen considerably less.
Surprisingly, factors representing snow reliability and the risk of closed
ski slopes due to a lack of snow (i.e. altitude, snowmaking capacity)
were only rarely chosen.

‘Snow conditions’ is not only the most frequently chosen factor, but

also ranked highest among respondents who chose that factor
(Appendix 4). The subsequent seven factors all have the same median
ranking value. Therefore ‘snow conditions’ is clearly the most important
destination attribute.

However, the dominance of ‘snow conditions’ is put into perspective
when looking at the distribution of its ranking values (Appendix 5). One
quarter of respondents did not select ‘snow conditions’ at all. For 39%
‘snow conditions’ is not among the top three destination attributes. This
share of respondents seems to have lower preferences for snow. For
64% of respondents snow is not ranked first, meaning that other factors
are more important and that marginal snow conditions might in prin-
ciple be compensable.

The topic of potential compensation of marginal snow conditions
can be approached by analyzing the factors people ranked ahead of
snow conditions (Fig. 3).

Price performance ratio and uncrowded ski slopes are more im-
portant than snow for about a third of the entire sample. Thus these
factors can be regarded as the factors with the highest potential for
compensation of marginal snow conditions. Additional snow-in-
dependent offers in contrast are perceived as more important than snow
by only 7% of respondents.

Given the great importance of snow conditions, we wanted to know
how sensitive skiers react to different snow conditions (Fig. 4).

Respondents reacted most sensitive to a scenario where half of the
ski slopes is closed due to a lack of snow. In such a situation, about one
third of skiers would not go on a skiing holiday and rather stay at home.
In a scenario with hardly any natural and only machine-made snow on
the slopes, about 19% of respondents would not go skiing.

These results give a first impression on the relevance of snow and
the suitability of other factors to compensate marginal snow conditions.
The magnitude of compensation and the number of skiers rather staying
at home with or without compensation can be assessed with results
from the choice experiment.

4.2. Choice experiment results

The median goodness-of-fit value (RLH) of the estimation is 0.65,
the first quartile is 0.558 and the third quartile is 0.726. Considering
that participants had to choose between four alternatives (three ski
areas or none of these ski areas), a RLH of 0.25 represents the threshold
for a choice by chance, whereas a value of 1 means that ski area choice
is completely determined by the six attributes. This indicates a good fit
of the model and high consistency of responses in the choice process.

If all attributes were equally important, each variable had an im-
portance of 16.6%. The snow-related attributes clearly dominate the
overall evaluation of a ski area, both with a mean value above 20%
(Table 2).

Summing up both variables, snow has an average importance of
47.98%. Lift ticket price as the next important factor is considerably
less important. However, the importance of attributes shows a high
degree of dispersion, being highest for snow experience and lowest for
additional non-snow activities. Such a high degree of dispersion in the
snow variables could mean that a less (and more) snow sensitive group
exists in the sample.

To quantify these less and more snow sensitive groups, the dis-
tribution of the sum of both snow variables representing the overall
importance of snow is analysed (Fig. 5).

The shape of the curve in Fig. 5 suggests that less and more snow
sensitive respondents exist in the sample, but it is not possible to
identify clear groups and thresholds. Snow makes< 25% of overall
evaluation for 4% of the sample. However, for 37% of respondents,
snow is responsible for more than half of overall evaluation. We tested
for correlation of socio-demographic variables with snow preference
but did not find any significant correlations.

An analysis of attribute levels' part-worth utilities allows assessing
the respondents' preference for that level. Three of four attributes with
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three levels exhibit saturation effects (Table 3): lift ticket price, ski area
size and – to a lesser extent – snow reliability.

A ski area with high snow reliability gains 6 points over a ski area
with medium snow reliability, but medium versus low snow reliability

gains 16 evaluation points. Snow experience in contrast shows an al-
most linear effect, where good experience is 12 points better than no
experience and no experience is 13 points better than bad experience.

On average, medium instead of high snow reliability (−6 points)
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can be compensated by reducing the lift ticket price from high to
medium (+14 points). This shows that part-worth utilities are very
important when looking for potential compensation measures, as price
discounts are only effective for ski areas with high prices, but not for ski
areas with medium prices. Low instead of medium snow reliability re-
quires measures to reach a better attribute level in more than one at-
tribute, e.g. lowering ticket prices and offering additional non-snow
activities.

4.3. Simulation results

Sample average findings can only give a first impression on poten-
tial compensation effects. We therefore present simulation results based
on individual data for four typical ski area types in Austria and three

snow scenarios with and without adaptation measures (i.e. price dis-
counts, offering additional non-snow activities) compared to a re-
ference scenario. While snow scenario 1 (S1a,b) and 2 (S2a,b) represent
a situation with higher variability of snow conditions, snow scenario 3
represents a series of bad winter seasons with a lasting negative impact
on snow experiences.

In the reference scenario, almost all are going on a ski holiday
(Table 4). The distribution of respondents seems plausible indicating
that the model produces reasonable results.

SKI1 benefits from deteriorating snow conditions in SKI2, as its
market share increases from 53% in the reference scenario to 68% in
S1a. Ski area size has a substantial effect on destination choice if prices
are the same (SKI1,2,3). Price also has a considerable effect displayed in
the large differences between SKI1 and SKI4 (Table 4). If snow relia-
bility deteriorates in only one ski area (SKI2), then the effects are severe
(-56%). This is in accordance with close substitutes. However, results
are likely to be too extreme, as bonds and experiences are not con-
sidered. If snow reliability changes from high to medium in one desti-
nation (S1a,b, Table 4), compensation measures are effective. The fact
that price reductions from the medium to the cheap level have a sub-
stantial effect highlights the importance of using individual data. This
positive effect of price discounts was not visible in the average part-
worth utilities (Table 3). With an even further deterioration, effects of
compensation measures are very small.

If snow reliability deteriorates to ‘medium’ in all destinations, then
no effects can be seen (S1a, Table 5). Low snow reliability (S2a) causes
a 12% decline of demand. However, if snow experience is becoming bad
as well (S3a), then 64% would stay at home. Compensation measures
are hardly necessary in S2 and almost ineffective in S3.

Assuming marginal snow conditions persist through the entire
winter season, expected demand losses are in the range of results pre-
sented in Table 5. In the short- to medium term though, marginal snow
conditions are becoming more frequent in early and/or late winter and
not necessarily throughout the entire season. Furthermore, as winter
tourism is characterized by high seasonality, the expected impact also
depends on whether marginal snow conditions occur in the low or in
the high season. According to Steiger (2010), the early (before
Christmas) and late season (April) account for 12% of demand in
Austrian ski areas. The Christmas-New Year school holidays (two
weeks) account for about 30% of winter revenues. Applying the simu-
lated demand changes (Table 5) only to these season periods, total
demand losses would be 18% in S3a instead of the simulated 64% loss.

5. Discussion

Results of our survey and of the choice experiment show that snow
is the most important factor for destination choice. In the former, snow
conditions gained a significantly higher ranking than all other factors
and in the latter, both snow variables are on average responsible for
48% of the overall evaluation of ski area characteristics. This finding is
consistent with previous literature (Carmichael, 1992; Klenosky et al.,
1993; Richards, 1996; Godfrey, 1999; Dickson and Faulks, 2007; Won
et al., 2008; Joppe et al., 2013) and is reasonable as snow represents a
physical precondition for practicing this sport. It is noteworthy that
both the objective attribute ‘snow reliability’ and the subjective attri-
bute ‘snow experience’ are almost equally important.

Nevertheless, results indicate a high variability of respondents'
preferences for snow. While results from the survey suggest that be-
tween 25 and 39% of the sample have lower preferences for snow, the
choice experiment reveals a considerably smaller - less snow sensitive
preference - group. This difference is likely due to different methods
how respondents had to evaluate the destination choice factors. While
in the survey, the choice and ranking of the factors are done in a rather
artificial and abstract situation, the setup of the choice experiment is
closer to a real life decision situation where several products are com-
pared and evaluated against each other.

Table 2
Attribute importance.

Attribute Relative importance (%)

Minimum Q25 Q50 Q75 Maximum Mean

Lift ticket price 0.24 7.74 13.00 25.61 58.48 17.66
Ski area size (km of ski

slopes)
0.12 6.89 10.94 16.72 67.68 15.01

Snow reliability 0.45 15.73 20.76 25.84 61.88 22.93
Crowding 0.03 5.85 10.28 21.63 48.86 13.91
Snow experience 1.59 16.44 21.94 28.46 66.49 25.06
Additional non-snow

activities
0.00 1.79 3.90 6.72 52.66 5.44

Sum of both snow
variables

9.51 37.40 44.84 61.01 86.08 47.98

Note: Q25 denotes the first quartile, Q50 the median and Q75 the third quartile.

Fig. 5. Distribution of snow importance.

Table 3
Part-worth utilities of destination attribute levels.

Attribute Standardized part-worth utilities Level description

Level 1 Level 2 Level 3

Lift ticket price 15.05 14.56 0.93 Low, medium,
high

Ski area size (km of ski
slopes)

1.14 11.03 13.01 Small, medium,
large

Snow reliability 22.12 16.22 0.55 High, medium,
low

Crowding 13.31 0.60 – Good, bad
Snow experience 24.86 13.31 0.51 Good, none, bad
Additional non-snow

activities
3.93 1.51 – Many, few
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Simulation results show that - as long as other ski areas for sub-
stitution exist – destinations with lower snow reliability will probably
be severely affected, while total demand remains quite stable. This
finding is supported by analyses of impacts of snow scarce years on
demand (Pickering, 2011; Steiger, 2011b) with losses of> 50% for
single ski areas, while total demand was substantially less affected, e.g.
-7% revenues in Austria (Steiger, 2011b) or visitation in Eastern US
-11% (Dawson et al., 2009). However, it has to be considered that if
such severe losses occur in the future more often this can have con-
sequences for the entire regional economy and livelihoods through
tourism's interlinkages with up- and downstream industries but also for
ecology. As Smith et al. (2016) argue, tourism is an important strategy
for regional development in many ecologically valuable areas. This
strategy could be threatened by climate change. This is also supported
by Salvati and Carlucci (2011) showing that environmental quality, the
role of agriculture and the degree of tourism specialization of regions
strongly correlate. Conversely, a weakening of tourism and the regional
economy, especially the less profitable alpine agriculture, can have far-
reaching consequences for the environment (e.g. a loss of biodiversity
on abandoned agricultural areas; Schirpke et al., 2018; Schirpke et al.,
2019).

If all destinations are affected by deteriorating snow conditions,
total demand reduces by 12% if snow reliability is low but still ex-
periences are good and by 64% if also snow experiences are bad. If
these conditions and effects are limited to the beginning (including
Christmas) and the end of the ski season (April), demand losses of 18%
are still substantial, but should be manageable, e.g. by limiting ski
operations to the core season. To the best of our knowledge, such high
market-wide losses have not been observed so far in any market in the
world. A potential explanation is that most markets consist of ski areas
with different snow reliability (e.g. because of altitudinal differences
and/or more favorable climate) always offering skiers potential sub-
stitute ski areas with higher snow reliability. The potential magnitude
of impact can be assessed by looking at climate change impact

assessments and the share of snow reliable ski areas: Steiger and Scott
(2020) estimate that about 15% of ski areas in Austria are going to have
medium snow reliability by the 2030s and up to another 22% will al-
ready be considered as not snow reliable. By the 2050s, 20% of ski areas
are estimated to have medium snow reliability and up to 48% not being
snow reliable anymore.

Based on time series analysis, climatic changes in the last decades
were found to have affected the economic situation of ski areas in New
England (Beaudin and Huang, 2014). Large ski areas turned out to be
more capable of coping with these changes. Both findings are in line
with our results. One possibility to adapt to changing climate conditions
is snowmaking. Falk and Vanat (2016) have shown that this strategy
has been successful in the past, but only for higher altitude ski areas. In
this paper, we follow a different approach: instead of analyzing ob-
served demand indicators of the last years, we focus on tourists' pre-
ferences. Our resulting stylized facts are consistent with previous stu-
dies based on completely different methods (Beaudin and Huang, 2014;
Falk and Vanat, 2016), this is an important robustness check for our
results. Investigating preferences offers the advantage to be able to
consider compensation measures (i.e. price, size, additional non-snow
activities) for marginal snow conditions. Smith et al. (2016) also follow
this approach and use their results for a market segmentation. In con-
trast to Smith et al. (2016) who only found a very moderate impact of
climate change on winter outdoor activities, our results suggest a huge
impact. One possible explanation is that they investigate a broad
portfolio of activities, while the present study focuses on alpine skiing.

Our results show that marginal snow conditions and declining snow
reliability cannot be compensated by offering more non-snow activities.
This suggests that people for whom skiing is the main activity in their
winter holiday (which is the case in our sample, as the survey was
carried out while the interviewees had breaks from skiing) are un-
willing to renounce skiing in favor of other non-snow activities and are
rather looking for alternative destinations with better snow conditions.
Measures that enhance price performance ratio, i.e. lowering lift ticket

Table 4
Simulation 1, snow conditions only change in the reference destination.

Reference scenario Simulated demand changes with

No reaction in SKI2 Price discounts, additional non-snow activities in SKI2

Snow scenarios

Ski areas S1a S2a S3a S1b S2b S3b

SKI1 (large, mid-priced) 53% 68% 77% 78% 55% 75% 77%
SKI2 (medium size, mid-priced) 32% 14% 3% 1% 30% 7% 3%

Reference destination
SKI3 (small, mid-priced) 8% 11% 12% 13% 8% 11% 12%
SKI4 (large, high-priced) 6% 7% 7% 7% 6% 7% 7%
Stay at home 1% 0% 1% 1% 0% 0% 1%

Note: snow is assumed to deteriorate only in SKI2.

Table 5
Simulation 2, snow conditions change in all destinations.

Reference scenario Simulated demand changes with

No reaction in SKI2 Price discounts, additional non-snow activities in SKI2

Snow scenarios

Ski areas S1a S2a S3a S1b S2b S3b

SKI1 (large, mid-priced) 53% 53% 46% 21% 51% 47% 26%
SKI2 (medium size, mid-priced) 32% 32% 29% 9% 31% 28% 9%
SKI3 (small, mid-priced) 8% 8% 7% 4% 8% 8% 4%
SKI4 (large, high-priced) 6% 6% 5% 2% 9% 8% 3%
Stay at home 1% 1% 12% 64% 0% 9% 57%
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prices and avoiding crowding, turned out to be the most suitable
compensation. However, the potential for compensation by price dis-
counts appears smaller in the choice experiment than in the survey. An
explanation is that in the choice experiment each attribute was further
defined with different levels describing the destination characteristic in
more detail than in the survey. As consequence, price turned out to be
an effective compensation only for ski areas that are in the highest price
category. This saturation effect in the price attribute also reveals a
limitation of our study, as we only had a rough price differentiation
included in the CBC. Therefore, price should be modeled as continuous
variable in future CBC applications. Considering individual data instead
of sample averages as in the CBC results, price discounts appear as an
effective measure in the less severe snow scenario not only for ski areas
in the highest price category. This highlights the importance of using
individual data in addition or instead of sample averages especially
when the variance is high as in our case.

Sub-optimal snow conditions and lower snow reliability can in part
be tackled with price discounts. To date pricing is mainly based on the
seasonality of demand, most pronounced in the accommodation sector.
Price structuring of ski lift tickets, at least in Europe, is usually not very
differentiated (Pellinen, 2003; Malasevska and Haugom, 2018)
throughout the season and very rarely dependent on snow conditions. A
more dynamic pricing would enable ski areas and other tourism service
providers to increase occupancy rates (Malasevska and Haugom, 2018),
which is very important in sectors with high proportion of fixed costs,
as e.g. ski areas and accommodation. On the other hand, higher prices
on peak days might provide opportunities to increase revenue and
potentially avoid crowding on the ski slopes and lifts. This kind of yield
management has been introduced in the last years in a few ski areas in
Switzerland (e.g. St. Moritz, Andermatt; Pröbstl-Haider and Flaig,
2019). Demand models including e.g. calendar and weather/snow ef-
fects for better yield management could not only be used by ski area
operators, but also by accommodation owners. This would allow the
tourism sector to react more systematically to these changing condi-
tions.

Ski areas with climatic advantages, providing better snow reliability
(e.g. higher altitude) and/or favorable conditions for snowmaking,
might benefit from more frequent marginal snow conditions when snow
is increasingly becoming a scarce commodity. Ski areas with a high
frequency of bad snow conditions (i.e. low snow reliability) seem to
have fewer opportunities to prevent or reduce demand losses during the
winter season, at least according to our results. Therefore, the short-
term challenge for these ski areas and tourism regions is to be finan-
cially able to cope with the projected demand losses and to search for
opportunities provided by climate change. As the winter season will be
shortened, the summer season will be prolonged. Although there is also
strong seasonality of demand in the summer half year and gained days
for this season are usually in low demand periods (e.g. April or
October/November), it nevertheless represents an opportunity espe-
cially for ski destinations that already have a robust summer season. In
the medium-term, the potential for non-snow related tourism activities
and relevant tourist segments needs to be evaluated in order to become
less dependent on ski tourism demand.

These results show that considering seasonality of demand and
snow conditions is crucial in order to provide more sophisticated im-
pact assessments. If seasonality is neglected, projections of demand
losses are likely to overestimate the impact. Nevertheless, it should be
considered that changing snow reliability and snow experience does not
only affect demand during periods with bad snow conditions, but might
affect winter demand throughout the season and beyond by damaging
the destination's reputation. To adequately prepare ski tourism for de-
teriorating climatic conditions, it is necessary to know how specific

snow conditions are perceived and affect behavioral changes: 1) it is not
unlikely that demand responses will not change proportionally to
changing climatic conditions but could change abruptly once certain
thresholds are reached (Gössling and Hall, 2006); and 2) information on
critical thresholds would make it possible to identify time horizons
where climatic conditions will significantly affect demand for ski
tourism.

6. Conclusions

In this study we have investigated the impact of climate change on
winter tourism demand by using results of a choice experiment for si-
mulation. The originality of our approach is that we used individual
data thus considering the heterogeneity of preferences and reaction to
marginal snow conditions. We also show that simulated demand
changes differ significantly on the local (i.e. ski area) and the market
level (i.e. Austria). Including seasonality in the estimation of demand
losses was found to significantly reduce the impact, while the effec-
tiveness of compensation measures is limited.

For winter tourism dependent regional economies, the following
conclusions can be drawn from our results: 1) The effect of a dete-
rioration of snow reliability from high to medium is economically
bearable for ski area operators and destinations. 2) The effects do de-
pend on the frequency of occurrence of marginal snow conditions. An
important question is whether tourists will perceive marginal snow
conditions as unusual or normal when marginal snow condition be-
comes the new average in the future and how that influences decisions.
3) As long as substitute destinations with high snow reliability exist,
demand losses in ski areas with low snow reliability are severe. This is a
more likely scenario than uniformly bad snow reliability across the
Alps. The simulated demand loss of almost 60% in our reference des-
tination (without adaptation) has the potential to destabilize winter
tourism dependent regional economies. Again, the frequency of oc-
currence will determine the severity of effects. Destinations with a high
probability of marginal snow conditions might be forced to give up
skiing tourism and develop alternative tourism products. Destinations
with a mixture of good and bad snow years might become more re-
silient through intelligent product development, e.g. introducing yield
management with dynamic pricing for the entire tourism product, or by
valorizing the extension of the summer season. 4) The analysis of how
these differently affected destinations are distributed and consequently
which regions are more affected requires both higher resolution climate
models and a better understanding of customer reaction to marginal
snow conditions. We have contributed to the latter and demonstrated
the importance of considering heterogeneity in the demand decision
process. This heterogeneity of preferences and ski areas (snow reliable
vs. non-snow reliable) together with high seasonality of demand and
snow calls for further investigations on that topic.
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Response rate.
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Respondents filling out the in-situ questionnaire 9190
E-Mails collected 5910
Final sample (after cleaning of the sample) 3673

Appendix 2

Online questionnaire.

No. Question & answer options

1 Have you been skiing/snowboarding in Austria at least once in the last 5 years? (y, n)
2 I am on the slope most of the time with… (skis, snowboard, telemark, other)
3 How do you collect most skiing days in general? (single-day, 1–2 night trips, trips with 3 or more nights)
4 Please rate your skiing skills (beginner, intermediate, advanced, expert)
5 On which runs do you feel the most comfortable? (blue, red, black, off-piste, fun-park)
6 Please rate the following statement: skiing/snowboarding is very important for me (scale of 5)
7 How many years have you been skiing/snowboarding? (0–5, 6–10, 11–15, > 15 years)
8 Please choose the five most important factors for ski destination choice.
a. . Altitude of skiing area
b. . Prominence of skiing area
c. . Possibility of artificial snow making
d. . Snow conditions
e. . Additional non-snow related activities/facilities (e.g. shopping, spas)
f. . Low waiting times at lifts
g. . Size of skiing area
h. . Good price/performance ratio
i. . Uncrowded ski slopes
j. . Landscape, mountains, nature
k. . Diverse offer of runs
l. . Proximity to my place of residence

9 Please rank the five selected factors according to their importance
10 How many hours are you generally willing to travel for each type of ski/snowboard trip? (please check the maximum number of hours you are willing to travel)
a. . Day trip
b. . Weekend/multi day trip (1–2 nights)
c. . Holiday (3 or more nights)
11 What mode of transport do you use to go to the skiing area for a…
a. . Day trip (car, public transport, airplane, other)
b. . Weekend/multi day trip (1–2 nights) (car, public transport, airplane, other)
c. . Holiday (3 or more nights) (car, public transport, airplane, other)
12 How many days do you ski during single-day trips each winter? (open question)
13 How many days do you ski during multi-day trips (1–2 nights) each winter? (open question)
14 How many days do you ski during holidays (3 or more nights) in Austria? (open question)
15 When do you usually go skiing? (Oct, Nov, Dec before Christmas, Dec during Christmas holiday, Jan, Feb, March (except Easter), April (except Easter), Easter)
16 Do you go skiing if… (yes – maybe – no)
a. . … 25% of slopes are open.
b. . … 50% of slopes are closed.
c. . … the valley run is closed.
d. . … the slopes have artificial snow but little natural snow.
17 What do you understand of snow reliability?
a. . Proportion of slopes with artificial snow making
b. . Length of the season in the past
c. . Average values of cumulative snowfall per season
d. . Altitude of ski area
e. . No idea
18 Please rate the following statement: “Skiing/snowboarding has a central role in my life” (5-scale)
19 How many people are living in your household including yourself? (1, 2, 3, 4, 5 or more)
20 Do you have kids (0–12 years)? (no, yes - > how many?)
21 How often do you children (0–12 years) ski with you? (never, rarely, sometimes, often, always)
22 What is your average household net income per month? (< €500, €500–1999, €2000–2999, €3000–4999, €5000 and more)
23 Where is your current place of residence? (Germany, Austria, Switzerland, Liechtenstein, Italy, Other)
24 Zip code (open question)
25 Sex (female, male)
26 Age

Appendix 3

Descriptive statistics of selected variables.

Category n %

Q2: Most of the time I am on the slopes with…
Skis 1716 87.7
Snowboard 230 11.8
Telemark 2 0.1

R. Steiger, et al. Ecological Economics 170 (2020) 106589

10



Other 9 0.5

Q4: Please rate your skiing skills
Beginner-intermediate 543 27.7
Advanced 1025 52.4
Expert 389 19.9

Q20: Do you have kids (0–12 years)?
No 1391 71.1
Yes 566 28.9

Q22: What is your average household net income per month?
<500 € 127 6.5
500–1999 € 321 16.4
2000–2999 € 328 16.8
3000–4999 € 484 24.7
≥5000 € 298 15.2
No answer 390 19.9

Q23: Where is your current place of residence?
Austria 178 9.1
Germany 1522 77.8
Switzerland 46 2.4
Liechtenstein 1 0.1
Italy 1 0.1
Other 186 9.5
No answer 23 1.2

Q25: Sex
Female 894 45.7
Male 1056 54.0
No answer 7 0.4

Q26: Age
18–24 358 18.3
25–34 439 22.4
35–44 432 22.1
45–54 503 25.7
≥55 208 10.6
No answer 17 0.9

Appendix 4

Ranking of selected factors.
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Appendix 5

Rank of snow conditions.
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