
lable at ScienceDirect

Tourism Management 43 (2014) 8e21
Contents lists avai
Tourism Management

journal homepage: www.elsevier .com/locate/ tourman
Does artificial snow production pay under future climate
conditions? e A case study for a vulnerable ski area in Austria

Andrea Damma,b,*, Judith Köberl a, Franz Prettenthaler a,b

aWegener Center for Climate and Global Change, University of Graz, Brandhofgasse 5, 8010 Graz, Austria
b Joanneum Research Forschungsgesellschaft mbH, Centre for Economic and Innovation Research, Leonhardstraße 59, 8010 Graz, Austria
h i g h l i g h t s
� We carry out a costerevenue analysis of snowmaking under future climate conditions.
� Snow pack and skiing demand simulations form the basis of annuity calculations.
� Results reveal that rising electricity prices will challenge ski area operators.
� Ski visitor numbers are projected to decline due to decreasing overall snow depths.
� Annual real ticket price changes are inevitable to keep skiing operations profitable.
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a b s t r a c t

The prospects of increasing temperatures, a growing frequency of snow scarce winter seasons and rising
energy prices raise questions about the future profitability of snowmaking. Therefore, we carry out a cost
erevenue analysis of snowmaking based on projected daily snowmaking hours and visitor numbers until
2050 for a case study site in Austria. The results show that ski area operators are at risk of facing a
substantial increase in total energy costs due to expected rising electricity costs, although the total
amount of snowmaking hours is projected to slightly decrease because of shrinking feasible time for
snowmaking (considering current snowmaking infrastructure). In the long run ski visitor numbers are
projected to decline due to decreasing overall snow depths. Overall, the profitability analysis of skiing
operations reveals that price increases in ski lift tickets, slightly higher than observed in the recent past,
will be inevitable in order to keep skiing operations profitable in future.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Alpine winter tourism plays a fundamental role in the Austrian
economy. According to Arbesser, Grohall, Helmenstein, and
Kleissner (2010) “winter sports”, which covers several industries
(mainly accommodation and food service activities, transportation,
arts, entertainment and recreation, and retail trade), annually
generates almost 7.4 billion EUR in direct value added, which rep-
resents about 3.16% of the gross domestic product (GDP). The
annual contribution to the GDP amounts to more than 11.4 billion
EUR, if multiplicative effects, i.e. indirect economic effects due to
inter-industrial relations, are taken into account as well. The
economically important winter tourism industry, however, is
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increasingly challenged to deal with rising temperatures and snow
poor winter seasons. Changing natural snow reliability influences
tourism demand (Fukuskima, Kureha, Ozaki, Fukimori, & Harasawa,
2003; Hamilton, Brown, & Keim, 2007; Shih, Nicholls, & Holecek,
2009; Töglhofer, Eigner, & Prettenthaler, 2011) and ski area oper-
ators are faced with an enhanced need for artificial snow
production.

Ski resorts have long been dealing with variability in seasonal
temperature and natural snowfall leading to early adaptive in-
terventions (Dawson & Scott, 2013). Falk (2013) shows a significant
relationship between the early adoption of snowmaking and the
economic viability of ski area operators. Nowadays, snowmaking is
awidely used adaptation strategy to sustain longer andmore snow-
reliable ski seasons. In Austria, currently around two thirds of ski
slopes are equipped with snowmaking facilities (Professional
Association of the Austrian Cable Cars, 2011).

The use of snowmaking involves high investment and operating
costs. Between 2000 and 2011 the Austrian cableway enterprises,
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supplying around 25,400 ha of ski slopes with average annual ski
lift ticket sales of around 1 billion EUR, invested a total of approx-
imately 6 billion EUR in quality, security and snowmaking infra-
structure. In the financial year 2011 the sum of investments reached
almost 500 million EUR, whereof around 102 million EUR were
invested in snowmaking technologies (Professional Association of
the Austrian Cable Cars, 2011). In the literature, investment costs
range between 25,000 to 150,000 EUR per ha (Abegg, Agrawala,
Crick, & Montfalcon, 2007; Breiling, Charamza, & Feilmayr, 2008;
Hahn, 2004). The annual snowmaking operating costs are esti-
mated to be between 10,000 and 30,000 EUR per ha (Breiling et al.,
2008).

The costs of snowmaking are discussed in several studies (Abegg
et al., 2007; Breiling et al., 2008; Gonseth, 2008; Hahn, 2004; Lang,
2009; Teich et al., 2007), but the economic limits of snowmaking
are still poorly understood. Limiting factors of snowmaking are not
only increasing temperatures and decreasing efficiency of snow
production, but also potential increases in energy prices owing to
higher taxes and/or shortage of fossil fuel, which would affect the
profitability of snowmaking (Steiger, 2010).

This paper addresses the gap of knowledge concerning the
economic profitability of snowmaking, taking prospective snow-
making requirements under future climate scenarios into account.
We carry out a detailed costerevenue analysis of snowmaking
under current and future climate conditions until 2050 for a case
study site in Styria, Austria, using the annuity method. Projected
daily snowmaking hours (as an output of a physically based snow
model) and projected daily visitor numbers (based on an econo-
metric skiing demand model), as well as different energy price, ski
lift ticket price and discount rate scenarios are considered in the
costerevenue analysis to draw conclusions about the viability of ski
area operators under changing climate conditions. Furthermore, we
determine theminimum average annual ski lift ticket price increase
ski tourists can expect in future subject to different assumed levels
of price elasticities of demand.

The paper is structured as follows: Section 2 gives an overview
of the existing literature in the field of ski tourism and climate
change, starting from a natural science perspective, since these
results are often the basis for further economic analyses. Then, the
economic aspects of snowmaking as discussed in the literature are
delineated. In Section 3 we describe themethodological framework
of the costerevenue analysis of snowmaking comprising the de-
terminants of cost and revenue components and the underlying
data basis. The results in Section 4 are structured so as to firstly
present details on the projected development of cost and revenue
components, before coming to the annuity results of the invest-
ment models. Finally, we show the determined minimum average
annual ski lift ticket price increase ski tourists have to expect. In
Section 5 we discuss the results and conclude.

2. Snow conditions and skiing operations under a changing
climate: previous findings

A variety of studies deal with the impacts of changing climate
conditions on ski tourism. The major part of these studies in-
vestigates the impacts from a natural science perspective. The ‘first
generation’ of studies in this field mainly focused on the impacts of
temperature rise on ski season length and the natural snow reli-
ability of ski areas, without regarding snowmaking as an adaptation
strategy. König and Abegg (1997) came to the result that under
current climate conditions the line of snow reliability, where at
least 100 skiing days per winter season with a snow depth of at
least 30 cm are ensured, lies at 1200 m above sea level. The line
would rise to a minimum altitude of 1500 m by a warming of 2 �C,
inducing a drop in the number of snow reliable ski areas in
Switzerland from 85% to 63%. Abegg et al. (2007) compared the
snow reliability of ski areas in Austria, France, Germany, Italy, and
Switzerland under present and future climate conditions
(þ1 �C, þ2 �C, and þ4 �C) by applying the 100-days rule and found
that currently, around 91% of the 666 operating ski areas can be
considered as snow reliable. While under aþ1 �C scenario only 75%
of the ski areas would still be snow reliable, this proportion drops to
61% and 30% under a þ2 �C and þ4 �C scenario, respectively.

In the outlined ‘first generation’ climate impact studies on ski
tourism, several shortcomings have been identified. First, local
climate conditions are not incorporated in those studies which
solely rely on some general altitude criteria for determining snow
reliability. Second, snowmaking which has become an important
adaptation strategy and is already standard in many ski areas has
not been considered in those studies and the potential future
climate impacts on the ski tourism industry are likely over-
estimated. Scott, McBoyle, and Mills (2003) were the first to
incorporate a snowmaking module in their analysis and found that
the projected shortening of the ski season in central Ontario, Can-
ada, was significantly less severe than in preceding studies. Further
studies considering snowmaking in their climate change impact
analyses followed (e.g. Hennessy et al. 2003; Scott, McBoyle, &
Minogue, 2007; Scott, McBoyle, Minogue, & Mills, 2006; Steiger &
Mayer, 2008; Teich et al., 2007). For Austria, Steiger and Mayer
(2008) used a rather simple degree-day model to assess the suit-
ability of snowmaking as an adaptation strategy for ski areas in
Tyrol (Austria) and also in the Bavarian Alps (Germany). The
required number of snowmaking days is determined by calculating
daily snow melt and producing the same amount of artificial snow.
Using this approach, Steiger and Mayer (2008) analysed elevations
suitable for snowmaking by using three climate stations in Tyrol.
Under present climate conditions, the line of technical snow reli-
ability was found to be at 1000 m. In a þ2 �C climate scenario
current snowmaking intensity will not be sufficient below 1500me

1600 m. According to Steiger and Mayer (2008) snowmaking is not
primarily limited to climatic conditions, at least not with a tem-
perature rise of 2 �C, but the ski area operators will be faced with
the challenge of rising costs of snow production.

These studies first incorporating snowmaking, however, do not
account for temperature decreases that occur with increasing ele-
vations suggesting that impacts may in some cases still be over-
estimated especially for ski areas at higher elevations. Steiger
(2010) attempted to meet this limitation and refined the SkiSim
model of Scott et al. (2003) to simulate snow pack and snowmaking
requirements at 100m altitudinal bands at each ski area. Themodel
was applied on three ski areas in Tyrol (Austria) concerning climate
change scenarios under two different greenhouse gas emission
scenarios (A1B, B1). Taking snowmaking into account, all three ski
areas remain snow reliable until the 2040s or 2050s. By then, the
technical limits are reached regarding currently available snow-
making technologies. The required artificial snow volume is pro-
jected to increase by 330% by the end of the century.

To better understand climate change effects and the boundary
conditions for artificial snow production, Olefs, Fischer, and Lang
(2010) analysed past trends using meteorological data of 14 Aus-
trian climate stations. Technical specifications of snow guns were
used to define a wet-bulb temperature threshold value of �2 �C for
snowmaking and a relationship between wet-bulb temperature
and snowmaking capacity. The number of snowmaking days per
season decreased by 20e34 days for half of the stations in the
period between 1979 and 2003.

Not many studies can be found dealing with the economic im-
pacts of climate change on ski area operators in very much detail.
While snowmaking potentials and requirements have been studied
from a technical point of view, economic limits of snowmaking are



Table 1
Ski area characteristics (from the season 2010/11).a

Ski area [ha] 220
Altitudinal range [m] 745e1894
Mean altitude [m] 1320
Number of ski lifts 22
Transport capacity [P/h] 36,000
Number of snow guns and lances 677
Area covered with snowmaking facilities [%] 100
Seasonal number of visitors

(average 2007/08e2009/10)
1,008,737

a Source: Ski resort’s annual business report.
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still poorly understood. Under the þ1 �C climate change scenario,
Pickering and Buckley (2010) determined for ski resorts in Australia
at altitudes between 1340 m and 1720 m the need for additionally
installing on average 1.7 to 45 snow guns per ski run and an in-
crease of total water consumption by factors of approximately
23%e62% to achieve the same overall level of snow as currently
exists. The cost of a single snowgun and associated infrastructure in
2008 was determined to be in the order of US $131,000. Using this
figure they projected additional investment costs in snowmaking
infrastructure of about US $95.2 million (in 2008 dollars) over the
next decade to offset losses in natural snow cover under climate
change.

Gonseth (2008) first analysed the effects of additional invest-
ment in snowmaking on business operations of Swiss ski operator
companies. Several statistical models of the ski area companies’
operating results have been assessed using data concerning the
winter seasons 2003/04 and 2004/05. The results show that the
partial effect of snowmaking investments on the economic indi-
cator EBITDA (earnings before interest, taxes, depreciation and
amortization) is positive but tends to decrease for higher levels of
investments. The impact of additional snowmaking investments on
EBITDA becomes negative when approximately 30 km of ski slopes
are already covered with artificial snow facilities (Gonseth, 2008, p.
96). However, yearly variability and projections of future snow
conditions based on climate and snow modelling are not consid-
ered in this study, so the impacts of snowmaking investments
under a changing climate cannot be determined accurately.

The use of snowmaking by ski area operators is in the first place
intended to yield a profit for the own business, but it has of course
impacts on the whole regional economy. Pütz et al. (2011) analysed
the regional economic effects of snowmaking in the Swiss ski re-
gion Davos. A regional inputeoutput model was used to analyse
three scenarios for different causeeeffect relations between
snowmaking and tourism demand. The inputeoutput analysis is
based on simplified assumptions of investment and operating costs
based on data from literature, and does not consider climate sce-
narios and projections of future snow conditions. Results suggest
that losses of up to 10% of the regional factor income in Davos could
be prevented by snowmaking in winters with poor snow
conditions.

In various studies a combination of two indicators e ski season
length of at least 100 days, and 75% probability of being operational
during the Christmas holidays e has been used to explore the
future economic viability of ski areas (Dawson & Scott, 2013; König
& Abegg, 1997; Scott et al., 2007). Other studies applied the
analogue approach to examine operating numbers of ski areas in an
extraordinarily warmwinter season to draw conclusions for future
time periods (Dawson, Scott, & McBoyle, 2009; Steiger, 2011).

The present study contributes to the existing literature as it
examines in detail a ski area operator’s costs and benefits of
snowmaking under future climate conditions and their implica-
tions for a case study site in Styria, Austria. To our knowledge, this is
the first study undertaking profitability calculations of snow-
making and skiing operations on the basis of snow and tourism
demand simulations, driven by climate scenarios.
1 We decided to break down the net present value to annuities, because we re-
gard annual values as more intuitive, especially in the present case of a long time
horizon. As we do not compare different investment projects, both methods e the
net present value method and the annuity method e lead to the same investment
decision.
3. Methodological framework and data

In the following, the methodology and the underlying data of
the costerevenue analysis of snowmaking for the case study site in
Styria are presented. Core ski area characteristics are given in
Table 1. Due to the geographical location of the investigated ski area
e the mean altitude of the ski area lies at 1320 m e it is quite
vulnerable to the lack of natural snow.
The costerevenue analysis is based on snow cover simulations
(Hanzer, Marke, Steiger, & Strasser, 2012; Strasser et al., 2012) and
skiing demand simulations until 2050 (Section 3.2.1) both driven by
climate scenarios (Wilcke, Leuprecht, & Gobiet, 2012). Based on
these projections we evaluate the profitability of snowmaking in an
overall context, applying the annuity method as investment deci-
sion criterion. The evaluation is made before taxes, using the gross
method and taking nominal values into account. The annuity
calculation, as e.g. shown in Fischer (2005), is given in equation (1).

Ann ¼ NPV � AFT ;i (1)

where

NPV ¼ �IC þ
XT

t¼1

CFt
ð1þ iÞt ;

AFT ;i ¼
i� ð1þ iÞT
ð1þ iÞT � 1

;

and

CFt ¼ Rt � OCt :

The annuity (Ann) represents a calculated average profit of an
investment project and is determined by the net present value
(NPV) and the annuity factor (AF) which depend on both the dis-
count rate (i) and the time horizon (T).1 By equating monetary
values from different years, the net present value allows for eval-
uating long-term investments. The net present value compares the
present value of future benefits the investors receive from a project
against the present value of the investments needed. So, the net
present value is calculated by the sum of the initial investment
costs (IC) and the present value of expected future operating cash
flows (CF). The operating cash flow is calculated by subtracting the
operating costs (OC) from total revenues (R). The discount rate
takes into account the time value of money and the risk of future
cash flows that are available from an investment. “The longer it takes
to receive a cash flow, the lower the value investors place on that cash
flow now. The greater the risk associated with receiving a future cash
flow, the lower the value investors place on that cash flow”

(Dayananda, Irons, Harrison, Herbohn, & Rowland, 2002, p. 3).
Hence, the higher the discount rate, the lower the present value of
future cash flows and as a consequence the calculated annuity.

In theory, an investment project should be realized if the ex-
pected net present value and hence the annuity is positive. In the
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present case we examine snowmaking costs and skiing operations
in an overall context, meaning that not only snowmaking invest-
ment and operating costs and additional revenues attributable to
artificial snow are taken into account, but also overall costs and
overall revenues of the ski lift company are considered in the
analysis. Ski lift operators are ultimately interested in whether
skiing operations as a whole will be profitable in future. Hence, we
carry out an overall costerevenue analysis including on the de-
mand side the total number of projected visitors, which provides
the basis of revenue calculations, whereas on the cost side, the
company’s total cost structure is taken into account with costs
varying over time only with respect to artificial snowmaking. All
costs and revenues not related to snow and snowmaking are held
constant over time in real terms e in particular, business activities
in summer, but also year-round skiing operations on the near
glacier, which accounts for 5% of total visitor numbers, because no
snow cover and tourism demand simulations are available for this
region. Table 2 shows the basis of the profitability calculations e

average operating figures of the investigated ski area from 2007/08
to 2009/10. The company’s accounted operating cash flows
comprise the overall cost and revenue components from which
snow and snowmaking related costs and revenues are separated.
The remaining costs and revenues are assumed to be constant over
time. Snow and snowmaking related costs and revenues which
determine future cash flows are explained in more detail in the
following subsections.

Besides using four different climate scenarios, we calculate the
annuity for different scenarios of average annual nominal ski lift
ticket price changes between 3% and 4.5%, in order to show the
sensitivity of annuity calculations to the choice of this parameter in
light of uncertainties about future developments. The average price
increase of ski lift tickets in recent years in the considered ski area
amounted to 3.5%.

To determine an appropriate discount rate, especially in the
present case of a very long time horizon, is somewhat difficult. The
discount rate should reflect the rate of return offered by equivalent
investment alternatives in the capital market. As the firm uses debt
financing, the discount rate is calculated by the weighted average
cost of capital (WACC), which is a blend of the cost of debt (the
interest rate, kD) and the cost of equity (the expected rate of return
demanded by investors in the firm’s common stock, kE), weighted
by the firm’s debt (v0) and equity ratio (1 � v0) (Brealey & Myers,
2003) (see equation (2)).

WACC ¼ 1� v0ð Þ � kE þ v0 � kD; (2)

with

kE ¼ rf þ b� rM � rf
� �

:

Table 2
Average annual operating numbers of the ski area from 2007/08 to 2009/10 [1000
EUR].a

Income
Sales revenue (total) 28,115
Sales revenue summer & glacier 4688

Internally produced and capitalized assets 588
Other income 2640
Expenses
Material 3219
Labour 8948
Depreciation 6452
Other expenditures 10,606
Operating balance 2118
Operating cash flow 6865

a Source: Ski resort’s annual business reports.
It has to be assumed that the firm’s risk and debt ratio remain
constant throughout the considered time period. The pre-tax cost
of debt may be approximated by the relevant market interest rates
for similar debts (Brealey &Myers, 2003). According to OenB (2013)
the average interest rate for loans to non-financial corporations
over an amount of 1 million EUR and over five years initial rate
fixation amounted to 4.04% in 2011, which is taken as the approx-
imate value for the firm’s cost of debt. The cost of equity is usually
determined by the capital asset pricing model (CAPM) and consists
of a risk-free rate of return (rf) and an expected risk premium on the
investment (b � (rM � rf)). As stated in Dayananda et al. (2002) the
risk-free rate can be derived by considering government bond
yields or insured banks’ term deposit rates. The bond yields for
Austrian government bonds with a maturity of 10 years reached in
2011 a value of 3.2% (OeBFA, 2013). Themarket equity risk premium
(rM � rf) for Austria, 5.8%, is taken from Damodaran (2013).2 As no
information is available regarding the firm’s and sector-specific
beta, respectively, we assume a b equal to 1. The firm’s average
debt ratio in the years 2007/08 to 2009/10 was about 61%. Taking
these values, the weighted average cost of capital is calculated to be
around 7%. In the following analysis different scenarios of discount
rates between 5% and 9% enclosing the calculated WACC are
considered due to various uncertainties in the calculation of the
WACC. The calculated WACC is taken as the reference value.

The skiing demand model applied to simulate daily ski visitor
numbers under future climatic conditions does not initially
consider price effects on demand, which means that the price
elasticity of demand is assumed to be zero. Therefore, we analyse
different price elasticity scenarios in a second step with respect to
the requirements of ski lift ticket price increases to yield positive
annuities. In other words, we determine the minimum average
annual ski lift ticket price increase required to cause the annuity to
become positive. For this analysis, different scenarios concerning
the price elasticity of demand, discount rates and climate scenarios
are considered. With those we can draw conclusions about the
minimum average ski lift ticket price increases which ski tourists
can expect in future.

Fig. 1 illustrates the causalities in determining the ski area op-
erator’s costs and revenues of artificial snowmaking and shows the
interaction of climate, snow and skiing demand modelling within
the costerevenue analysis. In the following, the model chain and
determinants of cost and revenue components are explained in
more detail.
3.1. Cost components of artificial snow production

The costs of artificial snowmaking depend on several factors and
assumptions. The starting point for all discussed economic calcu-
lations is the daily demand for artificial snow under future climatic
conditions. The snow pack scenarios are delivered by the snow
model AMUNDSEN (Hanzer et al., 2012; Strasser et al., 2012) which
also simulates the yearly amount of required and possible snow-
making hours and the corresponding water consumption under
current snowmaking technology restrictions, based on four
downscaled and bias corrected regional climate model simulations
(Wilcke et al., 2012):

� ICTP (RegCM3 regional climate model (RCM) driven by the
ECHAM5-r3 global climate model (GCM)): slight warming and
dry conditions.
2 Damodaran’s equity risk premium is recalculated into a pre-tax risk premium,
taking the corporate tax rate of 25% and Damodaran’s assumed risk free rate of
1.76% [(0.058 þ 0.0176)/(1 � 0.25) � 0.0176 ¼ 0.0832].



Fig. 1. Causalities in determining the costs and benefits of artificial snow production.

Table 3
Electricity price scenarios [EUR 2009/MWh].a

2010 2020 2030 2040 2050

EC_BAU 45.6 53.9 57.8 63.2 68.5
EC_ppm550 45.6 60.3 84.7 88.9 88.0
EC_ppm450 45.6 70.5 90.6 98.9 105.3

a Source: Redl (2011).
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� SMHI (RCM: RCA, GCM: BCM): slight warming and humid
conditions.

� METNO (RCM: HIRHAM, GCM: HadCM3Q0): average.
� C4I (RCM: RCA3, GCM: HadCM2Q16): strong warming and dry
conditions.

The climate models are based on the A1B emission scenario and
are selected from the ENSEMBLES project (Van der Linden &
Mitchell, 2009). The snow model depicts the current snowmaking
conditions in the ski area regarding the number and type of snow-
making facilities. The snowmakingmodule is implemented in such a
way that from November 1st to December 15th the maximum
possible amount of snow is produced, only limited by the meteo-
rological conditions, the number of snow guns and the maximum
water consumption. From December 16th until the end of the
snowmaking season on February 28th, the model maintains a
minimum snow depth of 60 cm on the slopes, as suggested by Scott
et al. (2007). It is assumed that both technology and strategy remain
constant over time. For details on the snowmodel AMUNDSEN and
the underlying snowmaking assumptions see Hanzer et al. (2012)
and Strasser et al. (2012). Based on the modelled daily water con-
sumption, the amount of produced artificial snow and furthermore
the electricity costs are calculated, given that 0.4 m3 of water is
required to produce one m3 of snow and that around 0.38 EUR
electricity costs currently arise per m3. Besides the amount of
snowmaking hours, future energy costs also depend on the devel-
opment of electricity prices. Different electricity price scenarios
based on Redl (2011) are used and show the range of possible future
developments depending on CO2 stabilization scenarios. In Table 3
the electricity price scenarios are depicted. For details on the un-
derlying assumptions see Redl (2011). As the climate scenarios used
in the present study are based on the A1B emission scenario,
EC_ppm550 represents the corresponding electricity price scenario
and will be used in the presentation of results as the main scenario,
while EC_BAU and EC_ppm450 build the lower and upper bounds on
the range analysed.
The itemized and total costs of artificial snowmaking of the ski
area averaged over the three winter seasons from 2008/09 to 2010/
11 are displayed in Table 4. Total costs of snowmaking add up to
around 3.6 million EUR per season, of which depreciation accounts
for about one half and around one third is attributed to electricity
costs. According to the information of the respective ski area, the
principal variable costs are related to electricity costs. Hence, for
the analysis all operating costs but electricity costs are held con-
stant over time in real terms. We assume an annual nominal price
change of 2% which corresponds to the average inflation rate of the
past ten years (Statistics Austria, 2012).

As the profitability analysis is carried out in an overall context,
we have to consider overall investments of the company. With
regard to snowmaking investments, it is assumed that the status
quo of snowmaking infrastructurewith respect to number and type
of snow guns in the ski area remains the same in future, so that only
reinvestments are necessary. Due to the lack of data, we take the
average depreciation value of all investments between 2007/08 and
2009/10 as a benchmark for average investment costs over the
considered time horizon. Thereof, the total sum of investments is
derived. As these costs comprise investments of differing (and
unknown) operating life, we furthermore have to assume that large
investments (replacements) are made every ten years. So, we split
the derived total amount of investment costs into four equal parts
which are invested in 2010, 2020, 2030, and 2040 (Further infor-
mation can be taken from the Appendix A).



Table 4
Average seasonal costs of artificial snowmaking for the case study ski area from
2008/09 to 2010/11.

Labour [1000 EUR] 12% 433
Electricity [1000 EUR] 26% 936
Material [1000 EUR] 4% 141
External services [1000 EUR] 2% 65
Leasing [1000 EUR] 3% 111
Depreciation [1000 EUR] 53% 1868
Total [1000 EUR] 3554
Total amount of produced artificial snow [1000 m3] 2481
Total costs per m3 artificial snow [EUR/m3 snow] 1.5
Total costs per ha ski run [EUR/ha] 16
Total costs per skier day [EUR/skier day] 3.5
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3.2. Revenue components of artificial snow production

The immediate benefits of artificial snowmaking mainly arise
from additional revenues of ski ticket sales through additional
skiable days due to artificial snowmaking. To determine the po-
tential impacts of climate change on the future profitability of arti-
ficial snowmaking and skiing operations in general, the effects of
weather variability on skiing have to be explored first. Following
Hamilton et al. (2007) and Shih et al. (2009), we study this rela-
tionship from the demand side at a local and daily resolution, which
“allows a detailed examination of the time and spatial structure of
weather effects on skiing” (Hamilton et al., 2007, p. 2114). Twomodels
of daily visitor numbers e separately for the two ski-mountains
spanning the considered ski area e are developed. Using the
method of multiple regression analysis with ordinary least squares
(OLS) estimation, daily visitor numbers are explained by various
snow andweather variables (including snow depth, snowfall, mean
temperature, rainfall, wind speed and global radiation) as well as
several dummy variables controlling e.g. for days of the week, ski-
openings, particular public holidays and school breaks. Running
the calibrated models with climate scenario data subsequently
provides projections on visitor numbers until the winter season
2049/50 regarding both, natural snow conditions only and those
including artificial snowmaking, which are subsequently used for
the costerevenue analyses of artificial snowmaking.
3 In case of variables that are nonnegative but can take on the value zero, a
constant of 1 is added to each value of the variable before taking the logarithm.
3.2.1. Modelling daily skiing demand
For modelling daily skiing demand, data on daily visitor

numbers were available for the ski seasons 2002/03 to 2009/10.
Looking at the data with respect to the within-season heteroge-
neity, the least-occupied 50% of the days comprise about 23% of a
season’s total visitor numbers, whereas the busiest 10% of the days
account for approximately 19%. Typically, the busiest days include
the post-Christmas school holidays as well as parts of the term
break in February. However, weather and snow conditions have the
potential to dampen those periods or raise others.

Along with meteorological conditions and holiday cycles,
weekly cycles as well turn out to be of great importance for
explaining day to day variations in visitor numbers. Pre-analyses
show that, for instance, in the period before Christmas, average
visitor numbers onweekends are considerably higher than average
visitor numbers onweekdays, whereas the effect vanishes or partly
even reverses during school holidays (i.e. post-Christmas school
holidays, term break, and Easter school holidays), when the ski area
apparently attracts fewer visitors on Saturdays e presumably due
to rotation of vacationers.

With these findings in mind, we develop models explaining
daily variations in visitor numbers by various weather and snow
indicators as well as several dummy variables controlling for cal-
endar effects as well as particular events. Six meteorological vari-
ables finally enter the regression models, including snow depth,
snowfall, rain, wind speed, mean temperature, and global radiation
(see also Table A 1 in the Appendix A), which are provided by the
snow model AMUNDSEN. The variable snow depth encompasses
natural as well as artificial snow. All meteorological variables are
available for several points of a ski-mountain, including the lower
terminus, the upper terminus and e depending on the ski-
mountain e two to three middle terminuses. Testing meteorolog-
ical data from each available point indicated the best model per-
formance when using lower terminus data. Thus, final model
specifications as presented in the Appendix A all include meteo-
rological data referring to the lower terminus.

Due to the observation of distinct seasonal cycles that cannot be
(fully) explained by variations in meteorological variables, several
dummies including the period before Christmas, school holidays
(post-Christmas school holidays, term break, Easter school holi-
days), Bavarian term breaks, and the month of April (excluding
Easter) are added to the regression models. Since visitor numbers
during Easter break depend considerably on the holiday’s timing e

another seasonal characteristic that cannot be fully captured by
variations in the meteorological conditions e we additionally
introduce a dummy to control for a late occurring Easter (i.e. week
number 16 or later). Moreover, it turned out that in the week of the
term break of the provinces Burgenland, Carinthia, Salzburg, Tyrol
and Vorarlberg e a period already considered within the school
holiday dummy e visitor numbers were typically overestimated by
pre-versions of the models. Thus, final regression models include
another dummy recognizing this effect. Besides these seasonal
cycles, dummies indicating particular holidays (December 8th,
Christmas Eve, and Christmas Day), special events (Ski-opening),
and particular days of the week (Friday, Saturday, and Sunday) also
seem to be of relevance for explaining daily variations in visitor
numbers. All independent variables finally entering (one of) the
regression models are summarized in Table A 1 in the Appendix A.

Starting with linear models, which assume a linear relationship
between the regressors and the visitor numbers, a variety of
nonlinear relationships are subsequently tested by transforming
the dependent and/or explanatory variables through taking loga-
rithms,3 square roots or exponents. Given normally distributed
residuals according to the test proposed by Jarque and Bera (1980)
and the absence of functional form misspecification subject to
Ramsey’s (1969) RESET test, the decision on the final functional
form is based on the comparison of adjusted R2 values. Concerning
for instance the dependent variable, taking square roots turned out
to perform best among the tested alternatives, resulting both in the
highest R2 values and the only alternative passing Ramsey’s RESET
test on functional form misspecification. Compared to the alter-
native of no transformation, it additionally features the advantage
of not generating any negative visitor numbers. The final regression
models are reported in the Appendix (see Tables A 2 and 3).

3.2.2. Projection of future skiing demand
Applying the calibrated skiing demand models on meteorolog-

ical scenario data resulting from four different regional climate
models (C4I, ICTP, METNO, SMHI) under the A1B emission scenario,
future daily visitor numbers are simulated for the costerevenue
analysis of artificial snowmaking until the winter season 2049/50.
Two different kinds of simulations are performed by applying the
skiing demand models on both simulated snow depth data repre-
senting solely natural snow conditions and simulated snow depth
data including artificial snow. For the profitability analysis of
snowmaking and skiing operations, the total numbers of projected



4 Technical snow production started in the 1990s. For reasons of comparability,
we calculate theoretical past snowmaking costs under the assumption of current
snowmaking infrastructure.

5 Past energy prices going back to 1996 are calculated using the consumer price
index for electricity 1996 (Statistics Austria, 2011). Due to missing data we have to
assume price changes for the years before 1996 as recorded on average in the
period 1996e2010.
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ski visitors based on the simulation including artificial snow are
used. The difference in projected visitor numbers of these two
simulations (with and without snowmaking) can be interpreted as
the immediate benefit of snowmaking. The corresponding results
are shown in Section 4.2 where the climate-induced impacts on ski
visitor numbers and the within-season variability for both simu-
lations are illustrated.

In the following, we outline the assumptions we explicitly or
implicitly make when simulating daily visitor numbers and con-
verting these numbers into revenues.

� No skiing operation possible: In order to make skiing activities
feasible, a specific minimum snow depth is required. The
developed skiing demand models may, however, fail to project
zero visitor numbers despite snow depths below this critical
value, mainly due to two reasons: First of all, the models are
calibrated for eachwinter season using only data comprising the
period between first opening of (parts of) the ski area at the
beginning of the season until closing of the ski area at the end of
the season. Thus, there are hardly any or no days in the cali-
bration data sets indicating zero visitor numbers resulting from
within-season closing of the ski area due to a lack of snow.
Secondly, the models use meteorological data referring to the
lower terminus, since this provides the best model fits. Inade-
quate snow depths at the lower terminus however do not
necessarily imply the closure of the whole ski area.
To overcome these limitations of the skiing demand models,
zero visitor numbers are assumed for days with snow conditions
indicating high chances for total ski area closure. With data on
snow depth available for up to five different points per ski-
mountain (lower terminus, upper terminus as well as two to
three middle terminuses), one of the middle terminuses each
turned out to be the best alternative for indicating the complete
closure of a ski-mountain due to lacking snow.
Regarding the critical snow depth, a definition in the literature
quite commonly and widely used nowadays for snow reliability
(100-days-rule) and feasibility of skiing operations relates to a
minimum snow depth of 30 cm (e.g. Abegg et al., 2007; König &
Abegg, 1997; Scott et al., 2003). However, comparing recorded
daily visitor numbers and corresponding modelled snow depths
at the chosenmiddle terminuses, we find a threshold of 20 cm to
be more adequate for the present analyses.

� Season length: We assume the skiing season to start with the
first day following November 1st, on which operation is feasible
according to the threshold rule stated above, and to endwith the
later of the following two dates: either April 15th or one week
after Easter Sunday.

� Updating of school holidays: The dummy variables relating to
school holidays are updated according to the rules observed in
the past.

� Variations in skiing demand: Future daily visitor numbers are
determined solely through the interaction of meteorological
conditions and calendar effects, assuming that the relationship
of meteorological as well as calendar based variables and skiing
demand does not change over time. No additional assumptions
about potential trends in skiing demand extending beyond
those caused by changing climatic conditions are made.

� Natural vs. artificial snow: We implicitly assume skiing visitors to
be indifferent concerning natural vs. artificial snow i.e. all that
matters in determining visitor numbers by means of the
developed models is the height of the snow pack.

� Transformation from visitor numbers into revenues: Given that
different time and age based ski ticket price categories are
available, an average value of revenues per individual skier day
has to be determined to estimate the overall revenues. In the
winter season 2009/10 themean revenue per skier day in the ski
area amounted to 25.70 EUR, which is chosen as the initial price
for the ski area’s revenue calculations.

4. Results

In the following subsections the results of the costerevenue
analysis of snowmaking are presented. First, details on the pro-
jected development of cost and revenue components are illus-
trated. Next, the annuity results are presented. Finally, we show the
determined minimum average annual ski lift ticket price increase
ski tourists have to expect, subject to different assumed levels of
elasticities of demand.

4.1. Energy costs

Electricity costs account for the main variable cost factor of
snowmaking with a share of around one third of total costs. Hence,
increasing electricity prices could bring ski area operators in
financial difficulties in future. Fig. 2 shows the development of the
average annual ski area’s electricity costs by climate scenario and
on the basis of the EC_ppm550 electricity price scenario (see
Table 3). The change in required hours of snowmaking due to
changing climatic conditions is denoted as “quantity effect”
whereas the changing energy costs due to an expected increase of
electricity prices are denoted as “price effect”. It can be seen that
price increases are mainly responsible for projected increases in the
electricity costs of snowmaking. In the period between 2021 and
2050, the energy costs of artificial snowmaking increase on average
over the four climate scenarios by 61% (range of energy scenarios:
18%e76%) compared to the e previously theoretical4 e snow-
making energy costs of the period 1971 to 2000.5

It might be somewhat surprising that the quantity effect of
energy costs is negligible, but Fig. 3 provides an explanation. The
single figures give an overview of the development of several
components and influencing factors of the costerevenue analysis.
Climate models indicate an increasing trend concerning the mean
wet-bulb temperature, leading to a decrease in the snowmaking
efficiency and decreasing snowmaking hours over time under the
current technology and number of snowmaking facilities. In other
words, the downward trend in snowmaking hours is not caused by
a reduced need in artificial snow, but attributable to the shrinking
amount of time when circumstances allow the production of arti-
ficial snow under the current technology. Despite decreasing
snowmaking hours, electricity costs increase due to increasing
electricity prices. On the demand side, decreasing visitor numbers
are projected due to a decline in overall (natural and artificial) snow
depth.

4.2. Visitor numbers

Ski visitor numbers vary considerably over the winter season
with peaks in the Christmas holidays, term breaks in February and
Easter holidays. Poor snow conditions in these periods hit the
tourism sector harder than in the off-peak seasons. In order to show
the season-long effects of a changing climate on ski visitor
numbers, we compare the visitor numbers per month simulated
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under the climate of the reference period 1970/71e1999/00 to the
visitor numbers simulated under the climate of the scenario period
2020/21e2049/50 (taking the average over the four climate sce-
narios). Fig. 4 shows the expected climate-induced average
monthly drops in ski visitors, in absolute (upper bar charts) and
relative terms (lower bar charts), once taking artificial snowmaking
into account (left bar charts) and again under purely natural snow
conditions (right bar charts). Measured in relative terms, i.e. in
percentage of the visitor numbers simulated under the climate of
the reference period, and taking artificial snowmaking into ac-
count, the highest impacts are expected for the month of April,
followed by November and March, whereas the smallest impacts
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are indicated for January and February. A somewhat different pic-
ture arises when measuring the difference between climate refer-
ence and climate scenario period in absolute terms. Then, impacts
are the highest for March and the lowest for November.

These results are of course sensitive to the assumptions made
with reference to the artificial snowmaking strategy applied, which
becomes particularly obvious when looking at the potential im-
pacts of climate change that result under the assumption of pro-
ducing no artificial snow at all (right bar charts). The climate-
induced changes in ski visitor numbers resulting from purely nat-
ural snow conditions, measured in relative terms, are distributed
somewhat more evenly across the months and tend to be higher in
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most of the months compared to the simulations regarding artifi-
cial snow. The difference is especially pronounced in the cases of
January and February. Without artificial snow, these two months
also tend to show the highest potential climate change impacts
measured in absolute terms (upper right bar chart).

Regarding the whole winter season, the results suggest that
under future climate conditions a decline in the ski area’s seasonal
visitor numbers by 6%e28% has to be expected when taking arti-
ficial snowmaking into account and by 22%e64% when considering
only natural snowmaking.

4.3. Annuity

Having shown the impacts on single cost and revenue compo-
nents, we now illustrate the results of the annuity calculations,
regarding all costs and revenues of the ski lift company. As
mentioned, investment projects should be realized if the annuity is
positive. We calculate the annuity assuming different ski lift ticket
price scenarios, discount rates and regarding all four underlying
climate scenarios. Fig. 5 shows the results of annuity calculations by
climate scenario, discount rate i, and nominal ski lift ticket price
changes (actually, changes of average revenue per visitor). Taking
the reference discount rate of 7% and the average nominal ski lift
ticket price increases of the recent past of 3.5%, the annuity is
positive only in the climate scenario ICTP which assumes slight
warming and dry conditions. Positive annuities in all climate sce-
narios are achieved at a discount rate of 7% with ski lift ticket prices
increasing on average by at least 4% per year. If we assume that the
discount rate is above the calculated reference value of 7%, with
annual ticket price increases of 4% the annuity becomes negative in
some climate scenarios. To achieve positive annuities in all climate
scenarios and for the whole regarded uncertainty range of discount
rates between 5% and 9%, an average annual nominal ski lift ticket
price increase of at least 4.5% is required.

Relating to ski ticket price increases, it has to be stated that in
the underlying ski visitor projections the price elasticity of demand
is assumed to be zero, implying perfectly inelastic demand. It
means that price changes do not affect ski tourism demand. Of
course, this assumption cannot fully hold. But according to Crouch
(1995) tourism demand in general is rather price inelastic with
mean price elasticities of demand between �0.54 (Southern
Europe) and �0.37 (Northern Europe). However, the determined
elasticities cannot be directly compared to the present case of ski
tourism as the meta-analysis mainly refers to international tourism
(i.e. long-distance journeys). In our case study region, ski visitor
numbers have been increasing in the past ten years, despite annual
price changes above the inflation rate. In the literature no reliable
figure of price elasticity of the special case of ski tourism demand
could be found. Unfortunately, it was not possible to meaningfully
include ski ticket prices in the present econometric analysis of ski
tourism demand because of an insufficiently long time series of
demand data.

Therefore, we analysed the effects of different scenarios
regarding the price elasticity of demand on the requirements of ski
lift ticket price increases. More precisely, we determined the min-
imum average annual ski lift ticket price increase required to cause
the annuity to become positive (break-even point), considering
different scenarios regarding the price elasticity of demand, dis-
count rates and climate change. Fig. 6 shows the results. The
required nominal ski lift ticket price increases range on average
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over all climate scenarios from 3.3% to 5.1% depending on the
assumed discount rate and price elasticity (between 5% and 9% and
between 0 and �0.1 respectively). With price elasticities higher
than �0.1 no solution for an annual ski lift ticket price increase
could be found to realize a positive annuity. Hence, in a case where
ski area operators are confronted with a higher price elasticity of
demand, skiing operations will not be profitable anymore.
5. Discussion and conclusions

The present study analyses the economic profitability of pro-
spective snowmaking requirements under future climate scenarios.
We carried out a costerevenue analysis of snowmaking and skiing
operations under future climate conditions for a case study site in
Austria using the annuity as decision criterion.
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Fig. 6. Break-even point of average annual nominal ski lift ticket price change by given discou
range of climate scenarios.
The vulnerability of the ski area to the lack of natural snow is
rather high due to its low elevated geographical position. Around
40% of Austrian ski areas (and around 30% of ski areas in the five
Alpine countries Austria, France, Germany, Italy and Switzerland,
based on the ski resorts database from Skiresort Service
International GmbH, 2013) supplying at least 5 km of ski slopes are
located at mean altitudes not higher than 1320 m e which corre-
sponds to themean altitude of the investigated ski areae andmight
therefore be confrontedwith similar concerns about snowreliability.

Low lying ski areas have always been competing with their
counterparts in higher altitudes which benefit from more snow
reliable weather conditions. Since Austrian ski areas are on average
located at lower altitudes compared to Switzerland, France, but also
South Tyrol, the competitive pressure from these neighbouring
countries may further increase under a changing climate. The
presented results can be taken as a reference mark for all low lying
p. elasticity = −0.05 p. elasticity = 0

5 6 7 8 9 5 6 7 8 9
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nt rate and price elasticity of demand leading to positive annuities. Error bars show the
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ski areas, even though for direct transferability, additional factors,
like the size of the ski area, the exposition of slopes, the economic
structure of the operating company, and the degree and type of
implemented snowmaking infrastructure have to be considered.

Regarding the current status and technology of snowmaking
infrastructure implemented at the considered ski area, the total
amount of snowmaking hours will decrease because of increasing
meanwet-bulb temperatures and decreasing efficiency of snow pro-
duction. However, electricity prices are expected to rise considerably
in future and as a consequence ski area operators will be confronted
with a substantial increase in energy costs. Since energy costs repre-
sent about one third of total snowmaking costs, increasing electricity
prices could financially challenge ski area operators in future.

In the long run, ski visitor numbers are expected to decline due
to a decrease in overall snow depths. Snow scarcity hit the skiing
business hardest in the Christmas holidays, term breaks in February
and Easter holidays. The winter tourism industry is challenged to
provide an attractive alternative for skiing in the case of snow
scarcity, such as wellness tourism and winter hiking, but also needs
to attract skiers in the off-peak season. They might target a specific
group of clientele and provide special offers e.g. for couples without
children, singles or retired persons.

The profitability analysis of snowmaking and skiing operations
reveals that annual ski ticket price changes slightly higher than
observed in the recent past are inevitable in order to keep skiing
operations profitable in future. This result raises the question as to
what extent ski visitors are willing to accept price increases of ski
tickets in future. Present results suggest that skiing operations will
still be profitable in future if the price elasticity of demand is not
stronger than �0.1, so that annual ski ticket price increases as
observed in past years or even higher continue to be accepted by
the majority of ski tourists. Looking at the developments of the past
ten years may give ski area operators cause for optimism: despite
noticeable increases in real ski lift ticket prices, the number of ski
visitors has been growing. Nevertheless, the accommodation
sector, to which skiing demand is closely linked, shows a trend to a
shorter duration of stays, even though an increase in the number of
overnight guests was recorded over the past decade (BMWFJ,
2012). The decreasing trend in the length of stays may be related
to rising overall expenses for skiing holidays, while on the other
hand one reason for the increase in the number of overnight guests
is the growing number of tourists from Eastern Europe in Austrian
ski resorts in recent years, which overlays the general decreasing
trend in the length of stays. These trends inwinter tourism and also
demographic changes concerning a growing ageing populationwill
change future demands for skiing. The skiing demand modelling in
the present study is focused on the analysis of climatic changes.
More detailed analyses of developments in ski tourism demand
including market trends and demographic changes have to be
carried out in order to make more precise conclusions on this
matter.

The annuity calculation is quite sensitive to the choice of the
discount rate. The calculated weighted average cost of capital of 7%,
which is taken as the reference value, is fraught with uncertainty in
several components. Considering Europe’s financial situation today
and the decreasing trend of secondary market yields of Austrian
government bonds (OenB 2012), a low discount rate seems plau-
sible. But the time horizon of forty years is long and with that the
uncertainty about future development of interest rates is rather
high. So it is reasonable to consider different discount rates also
taking varying risk premiums into account for the uncertainty of
future cash flows.

In the present analysis only the status quo of snowmaking infra-
structure with respect to number and type of snow guns is imple-
mented. Further research has to be done to analyse other ski
management options such as new and more efficient snowmaking
technologies, adapting the start and end time of the ski season, or
shifting business to non-snow related activities (e.g. to strengthen
the summer tourism and keep ski lifts operating e.g. for mountain
bikers). New investments arising from either a densification of snow
cannons or from installations of more efficient snowmaking tech-
nologies will of course debit the profitability considerations, but at
the same time, more efficient snowmaking technologies may reduce
the operating costs. Hence, the net effect cannot be determined
without carrying out a detailed analysis. With the present work and
the established integrated modelling framework, an appropriate
instrument to analyse furthermanagementoptionshasbeen created.

Acknowledgements

This article is based on the research project CC-Snow II financed
by the Austrian Climate Research Programme ACRP of the Austrian
Climate and Energy Fund. Special thanks go to the ski lift company
under investigation for providing business related data and to our
project partners in CC-Snow II for the provision of the climate and
snow model simulations. Furthermore, we are thankful to M.
Sommersguter-Reichmann for helpful comments.

Appendix A

Annuity calculation:

The average operating cash flow (OCF) of the financial years
2007/08 to 2009/10 taken from the company’s business reports is
the basis of the cash flow calculations (see equation (3)). It is
transformed into an average cash flow before taxation (CF), taking
into account a tax rate of 25%, the current level of corporate tax rate
in Austria. Depr is the average depreciation of the years 2007/08 to
2009/10:

CF ¼ OCF� taxrate� Deprð Þ
1� taxrateð Þ (3)

From this average cash flow we subtract the average relevant
sales revenues (R) and add the snowmaking electricity costs (EC)
(averages of the seasons 2007/08 to 2009/10) which are the rele-
vant varying components in the calculation of future cash flows
(see equation (4)). The remaining amount of the cash flow (CFfix) is
assumed to be constant over time in real terms, i.e. only adjusted by
the assumed average price inflation of 2%.

CFfix ¼ CF � Rþ EC (4)

The cash flows for each period are calculated as follows:

CFt ¼ CFfixt þ Rt � ECt (5)

The revenues in each period are calculated by the simulated
visitor numbers times the assumed ski lift ticket prices in each
period (different scenarios). The electricity costs are calculated by
the simulated amount of produced snow (m3) times the deter-
mined value of 0.38 EUR per m3 produced snow.

Calculation of net present value (equation (6)):
The total sum of investments in the regarded period is derived

from the accounted depreciation value (Depr) which is taken from
the profit and loss account of the years 2007/08 to 2009/10 (as
shown in the business reports) and multiplied by the time horizon
T. As we regard in the calculations of overall investments of the
company with components of differing operating life, we assume
that every ten years large investments (replacements) have to be
made. Hence, we split the total sum of investments (Depr � T) into
four equal parts. The investments in the periods t ¼ 10, 20, and 30
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are adjusted by the inflation (iRate) and discounted to the present
value.

NPV ¼ �IC0 �
IC10

ð1þ iÞ10
� IC20
ð1þ iÞ20

� IC30
ð1þ iÞ30

þ
XT

t¼1

CFt
ð1þ iÞt ;

(6)
where

IC0 ¼ Depr � T
4

;

Table B 1
Independent variables included in (one of) the final regression models.

Independent variable Short expla

Snow depth Daily total
Snowfall Daily snow
Rain Daily rainf
Wind speed Daily wind
Mean temperature Daily mean
Global radiation Daily devia
Ski-opening Dummy in
Pre-Christmas Dummy in
Dec8 Dummy in
Christmas Eve Dummy in
Christmas Day Dummy in
School holidays Dummy in
Term breaks B,C,S,T,V Dummy in
Bavarian term breaks Dummy in
April (excl. Easter) Dummy in
Friday Dummy in
Saturday Dummy in
Sunday Dummy in
Late Easter Dummy in

Table B 2
Regression results for ski-mountain I.a

Estimate Std. error B

Constant 48.365 0.937
log(Snow depth þ 1) 3.800 0.183
log(Snowfall þ 1) �3.159 0.538 �
log(Rain þ 1) �2.400 0.738 �
Wind speed̂2 �0.229 0.060 �
Mean temperaturê2 �0.027 0.005 �
Global radiation 0.031 0.007
Ski-opening 11.251 2.141
Pre-Christmas �32.603 0.681 �
Dec8 12.522 2.794
Christmas Eve �31.321 2.614 �
Christmas Day �21.911 2.618 �
School holidays 12.613 0.586
Term breaks B,C,S,T,V �3.156 0.974 �
Bavarian term breaks 10.378 1.026
Late Easter �13.674 2.103 �
April (excl. Easter) �15.103 1.010 �
Friday 3.856 0.612
Saturday 6.574 0.955
Pre-Christmas � Saturday 13.100 1.549
Pre-Christmas � Sunday 16.076 1.258
School holidays � Saturday �11.438 1.335 �
Bavarian term breaks � Saturday �8.669 2.203 �
a Dependent variable: square root of daily visitor numbers, adj. R2 ¼ 0.8682, n ¼ 1197
b Significance code: ***p < 0.001, **p < 0.01, *p < 0.05, . p < 0.10.
c Significance codes based on autocorrelation and heteroscedasticity consistent standa

Table B 3
Regression results for ski-mountain II.a

Estimate Std. error B

Constant 38.638 0.942
log(Snow depth þ 1) 3.875 0.202
log(Snowfall þ 1) �2.988 0.559 �
log(Rain þ 1) �2.400 0.740 �
IC10ð20;30Þ ¼ IC0 � ð1þ iRateÞ10ð20;30Þ:

Appendix B

Skiing demandmodels (two separate models for each ski-mountain
spanning the considered ski area):
nation

(i.e. natural and artificial) snow depth [cm] at a ski-mountain’s lower terminus
fall at a ski-mountain’s lower terminus [mm water equivalent]
all at a ski-mountain’s lower terminus [mm]
speed at a ski-mountain’s lower terminus [m/s]
temperature at a ski-mountain’s lower terminus [�C]
tion of the global radiation from its annual cycle [W/m2]
dicating the day(s) of the ski-opening event
dicating the period from season start to the beginning of the Christmas holidays
dicating December 8th (holiday)
dicating Christmas Eve
dicating Christmas Day
dicating Austrian school holidays (Christmas, term break, Easter)
dicating the term breaks in Burgenland, Carinthia, Salzburg, Tyrol and Vorarlberg
dicating the Bavarian term breaks (school)
dicating the month of April (excluding the Easter holidays)
dicating Fridays
dicating Saturdays
dicating Sundays
dicating late Easter holidays (i.e. week number 16 or later)

etas t-value p-value Sigb Sig (HAC)c

51.613 0.000 *** ***
0.288 20.785 0.000 *** ***
0.069 �5.871 0.000 *** ***
0.038 �3.253 0.001 ** **
0.042 �3.788 0.000 *** **
0.079 �5.193 0.000 *** *
0.067 4.690 0.000 *** **
0.063 5.255 0.000 *** ***
0.698 �47.907 0.000 *** ***
0.051 4.483 0.000 *** ***
0.127 �11.981 0.000 *** ***
0.089 �8.368 0.000 *** ***
0.293 21.529 0.000 *** ***
0.037 �3.241 0.001 ** **
0.122 10.114 0.000 *** ***
0.073 �6.503 0.000 *** ***
0.192 �14.958 0.000 *** ***
0.068 6.297 0.000 *** ***
0.116 6.883 0.000 *** ***
0.120 8.458 0.000 *** ***
0.149 12.783 0.000 *** ***
0.131 �8.569 0.000 *** ***
0.050 �3.936 0.000 *** ***

.

rd errors.

etas t-value p-value Sigb Sig (HAC)c

40.999 0.000 *** ***
0.280 19.141 0.000 *** ***
0.066 �5.346 0.000 *** ***
0.041 �3.243 0.001 ** *

(continued on next page)



Table B 3 (continued )

Estimate Std. error Betas t-value p-value Sigb Sig (HAC)c

Wind speed̂2 �0.316 0.059 �0.063 �5.382 0.000 *** ***
Mean temperature �0.372 0.051 �0.105 �7.332 0.000 *** ***
Global radiation 0.027 0.005 0.067 4.867 0.000 *** ***
Ski-opening 12.721 2.911 0.055 4.370 0.000 *** **
Pre-Christmas �34.626 0.708 �0.708 �48.901 0.000 *** ***
Dec8 8.297 4.623 0.022 1.795 0.073 .
Christmas Eve �26.445 2.609 �0.114 �10.137 0.000 *** ***
Christmas Day �17.470 2.612 �0.075 �6.689 0.000 *** ***
School holidays 12.066 0.616 0.292 19.576 0.000 *** ***
Term breaks B,C,S,T,V �2.854 0.977 �0.036 �2.920 0.004 ** **
Bavarian term breaks 7.769 1.021 0.097 7.609 0.000 *** ***
April (excl. Easter) �13.155 1.018 �0.172 �12.921 0.000 *** ***
Late Easter �11.411 2.164 �0.062 �5.274 0.000 *** ***
Saturday 2.567 0.974 0.046 2.636 0.009 ** **
Pre-Christmas � Saturday 5.778 1.672 0.050 3.455 0.001 *** ***
Pre-Christmas � Sunday 8.598 1.414 0.074 6.082 0.000 *** ***
School holidays � Saturday �8.730 1.373 �0.106 �6.356 0.000 *** ***
School holidays � Sunday �1.891 1.020 �0.023 �1.854 0.064 . *
Bavarian term breaks � Saturday �5.792 2.199 �0.035 �2.634 0.009 ** **

a Dependent variable: square root of daily visitor numbers, adj. R2 ¼ 0.8638, n ¼ 1111.
b Significance code: ***p < 0.001, **p < 0.01, *p < 0.05, . p < 0.10.
c Significance codes based on autocorrelation and heteroscedasticity consistent standard errors.
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