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Objective of the document
This document is the deliverable 2.1. It aims to characterize operating costs of a ski resort so as to
assess whether or not optimized snow management (through PROSNOW) could make a difference
to ski resort operators.
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Abstract
Our present study aims to understand what operating costs are in ski resorts and how they are
shared between operations and / or services. Operating costs are a sensitive issue for any industry
because they reveal operation choices, strengths and weaknesses within the common production
framework of any given technology. Concerning ski resorts, this is even more the case since they
also reveal structural choices related to the main features: elevation, steepness of the ski area, skilift organization, snow reliability, natural resources availability, etc. Literature does not provide
much information about operating costs in ski resorts. This report gathers original information
about operating costs based mainly on interviews within the PROSNOW consortium and an online
survey set up for pilot ski resorts - partners of PROSNOW.
With data available from various organizations in France and Austria, we highlighted the existing
decreasing trend between 2002 and 2018 in snowmaking investments, even if some increases
occur after a winter of natural snow scarcity. We provide an order of magnitude concerning
operating costs (staff, maintenance, energy,…) within different services (ski lifts, grooming,
snowmaking). We pointed out the differences in the distribution of turnover during the different
periods during the season which reveal great heterogeneity. We also present an average daily
share of turnover realized for each period of the season which provides an order of magnitude: a
closing day during the winter holidays is almost four times more costly than a closing day at the
beginning or end of the season. Regardless of the investments, snowmaking costs seem to be low
in comparison with a closing day in the case of snow scarcity as four closing days are costlier than
all seasonal snow production costs. This may explain the strong aversion to risks that ski resort
managers have concerning snow production as the risk of a lack of snow is costlier than
production costs.
The PROSNOW project may reduce ski resort operating costs which may prove critical in a climate
change context. For now, the service could support a global optimization of operations regarding
meteorological constraint and may be improved by the experience acquired by ski resort
managers if PROSNOW is able to offer the service for which it has been designed. The immediate
advantages of this service have an environmental gain. They save water and energy and this saving
of resources may also contribute to the improvement of the resort’s “green” image.
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Introduction
For a long time, snow presence on the ground has been of great concern for mountain areas. Frost
and snow reduce the vegetation time and limit the period of farmlands (mainly rural) usability.
Snow also causes a problem for roads and mobility within and stemming from remote areas where
steepness and elevation are already an obstacle. Along with tourism development by the end of
the 19thcentury, snow began to gain value. If tourism was originally a summer practice, this period
paved the way for visitors during the winter season. Snow fields began to be named as such and
the practice of skiing emerged slowly. The ski industry expanded from the end of the Second
World War along with the development of Fordism in the context of mass production applied to
tourism. Resort building and growth relies on heavy investments, especially for ski lift facilities and
returns on investment are critical for the economic health of operators. The snow scarcity issue
arose simultaneously therefore as the resorts grew: the bigger the resort, the more important it is
to operate ski-lifts during the snow season. To mitigate the economic impact and reduce
dependency on natural snow (Trawöger 2014), snowmaking was invented around the end of the
90’s. It became progressively an ordinary tool with which to manage snow (Steiger and Mayer,
2008; Spandre et al., 2015). It contributes to the revisiting of the entire snow management process
from the beginning to the end of the season. Some public debates about ski resort development
focus on snowmaking and the environmental costs of artificially keeping resorts alive even if they
encounter a frequent lack of natural snowfall.
The context of climate change particularly renews the question (Steiger et al., 2017) of the
understanding of how and until what point ski resorts can cope with rises in temperature and
snowfall reduction. Research studies on snowpacks extended their conclusion to the economic
side of the problem using a simple rule known as the “100 day” rule (Abegg, 1996; Abbeg et al.,
2007). This stated that a resort is snow reliable if it has at least 30cm of snow on the ground
during, at least, 100 days within the ski season. This approach does not however answer entirely
the economic question linked to operating costs and their growth due to climate change which
combines an increasing need for snowmaking with the worsening of production conditions (Scott,
2003; Gonseth, 2008). The access to production factors may also prove to be more and more
critical. Water availability and access costs for a snowmaking purpose may already prove
problematic but could become even more of a crucial issue. The economic opportunity to produce
snow should be carefully evaluated, particularly in the context of increasing temperatures and
rising energy prices (Damm, 2014). The first step however should be a better knowledge of
operating costs.
Operating costs pose a difficult question for any industry because they reveal operation choices
and strengths and weaknesses, within the common production framework of any given
technology. In the case of ski resorts, this is even more so the case since structural choices related
to its main features are also revealed: elevation, steepness of the ski area, ski-lift organization,
snow reliability, natural resources availability, etc. Ski resort managers do not wish to deliver much
of this strategic information and this result in a lack of information for the achievement of goals in
this deliverable. Only a little information is available which is hardly comparable because ski
resorts do not use a standardized breakdown in order to analyze their costs and may not be able
to differentiate cost provenance (e.g. electricity costs are generally generalized at the resort scale
and revealed over time but are not clearly attributed to specific uses). Even in the context of
PROSNOW and its confidentiality agreements, it is difficult to obtain information from ski resorts.
The participation of both ski resorts and service providers is a strength for the project, although
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this may not aid open communication for some strategic factors for commercial bargains. Some
economic information is considered as sensitive for different partners who do not wish to
communicate it within the consortium.
The literature review does not provide many insights either. Most of the literature about ski
economics focusses on three ski resort characteristics.
 Ski industry organization and market shares are described well every year by
L. Vanat(2018) in his International report on snow and mountain tourism. This annual work
computes worldwide data and is now a reference. It forms a part of a long term approach
in tourism aimed at understanding how tourist flows are distributed between destinations
and tourist origins. S. Hudson’s (2000) book Snow Business: A Study of the International Ski
Industry dedicates a chapter to destination planning and operations where location, ski
field equipment and snowboarding development make up half this said chapter. The other
one deals with resort marketing in order to understand destination choices.
 Ticket pricing is not handled on a production cost basis but more from a consumer point of
view and the maximization of its utility under specific constraints. Barro and Romer (1987;
1991) study the impact of congestion, using the club goods theory to explain the balance
between price and utility. The consumer’s willingness to pay also depends on ski area
characteristics. Wolff (2014) looks directly at ski area quality so as to assess the pricing
efficiency of ski resorts and particularly stresses the benefits of connected areas for very
active skiers. Falk (2008) uses the hedonic price analysis to identify which factors are
valued by consumers and to what extent. This study helps the relative weight of each
factor to explain ski-lift pricing. Another approach, by Malasevska and Haugom (2018)
studies the variations of ticket prices over time to follow consumers’ preferences. These
previous studies highlighted the multiplicity of criteria evaluated for pricing purposes.
Operating costs are not the subject of this paper and are only considered globally as a
second thought for their comparison to generated money through ticket sales and to see
whether or not the exercise is profitable.
 Investments in ski resorts are also partly known, especially on the French side where the
magazine Mountain Leaders has been surveying yearly investments in ski resorts for
several years. This data has been recently employed for scientific purposes by Falk and
Vanat (2016). In Austria, the Association of Ropeways (Fachverband der Seilbahnen) of the
Chamber of Commerce publishes data about the investments of Austrian ropeway
operators every year using broader categories (latest report available online
https://www.wko.at/branchen/transport-verkehr/seilbahnen/Broschuere-SeilbahnenOesterreich.pdf). In Switzerland, the ski-lift managers association (Seilbahnen Schweiz)
manages a database about cable car companies and machines and makes a report, also on
an annual basis, providing an annual picture of skiing facilities without considering
investment
dynamics
(https://www.seilbahnen.org/fr/La-branche/Statistiques/Faitschiffres).
The content of this operation cost review relies mainly on interviews based on the PROSNOW
consortium. Focus groups, known as Local Working Groups (LWG), have been set-up in every
resort partner of PROSNOW. They are a major source of information concerning snow
management practices. PROSNOW also facilitates exchanges with industrial partners. Further
discussions with ski resorts managers and an online survey of ski resorts have also helped to
gather original information concerning operating costs. In the first section, we reveal the context
in those different countries covered by PROSNOW. In the second, we will describe the categories
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of costs managed in ski resorts and finally in the third section we will elaborate more on their
snow management strategies.
A detailed assessment of operating costs has not yet been directly addressed and addressing this
knowledge gap is one of the objectives of PROSNOW as a dedicated climate service could support
cost optimization and so limit the impact of snow variability among seasons. It is crucial in this
case to acquire a better knowledge of current operating costs and to understand their key drivers.
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1. Context
Ski tourism developed in a significantly different manner in alpine countries (Guérin, 1984; Herbin,
1987; Rolland, 2006). This leads to structural differences in management approaches and
strategies as well as in the available data concerning their activities. Context may be of interest in
order to further investigate operating cost breakdown structure and investment choices (second
section).
1.1.

Ski resort management practices between countries

Vanat’s (2018) annual report on ski and snow tourism paints a picture of worldwide ski resorts
with a focus on the Alps. France and Austria occupy first place, joining the United States and Japan
outside of the Alps in terms of ticket sales. Ski resorts within the Alps are generally well ranked
and Swiss, Italian and German resorts are also in the top 10 resorts worldwide. These resorts are
not similar however. Austria does not have the greatest number of resorts but is the first ranked in
terms of the number of large resorts. France counts the greatest number of ski resorts and lifts.
Whilst other countries receive fewer skiers, they have their own characteristics. Switzerland has
known the early development of ski resorts and is particularly famous for the fragmentation of
cable car companies, even within a sole resort. This kind of fragmentation can also be found in
Italy (for example in Dolomiti Superski,a ski area with several resorts more or less independent of
a resort). Italian resorts are not located uniquely in the Alps and those within the Alps differ
between the West (close to French resorts) and the East (similar to Austrian resorts). German
resorts are often small with a limited domestic market (many German skiers go abroad to go
skiing). They have limited international appeal. Between alpine countries, ski resort development
has pursued different paths leading to different management practices. French resort
development relied on public subsidies from the state on a local scale, the first drawing up plans
for resort development, raising public funds and building the legal framework which was then
used by the second to collect land needed by resorts. Local authorities then provided a concession
agreement to a unique promoter in charge of land planning for both tourist accommodation and
ski area equipment (François and Marcelpoil, 2012; Knafou, 1978; Perret, 1992). This dynamic
aimed to attain economic consistency and benefits from real-estate sales funded ski-lift set-ups.
Once real-estate is sold and ski areas are funded, the main concern of the promoter is the
management of ski-lifts and ski areas. No other issues matter as long as enough skiers buy ski-lift
tickets. The promoter focusses only on ski-lift management and the maximization of profits.
Swiss and Austrian resorts illustrate even further the community model of governance. Their
funding relies on local syndicates in charge of ski resort development and promotion, this being a
kind of regional capitalism made up of gradual investments. In this way, the development of
winter sports benefits from greater social acceptance, shared between local people, inhabitants or
tourism professionals, often both. To gain benefits from operations on a ski area is not the main
aim. The goal is to entice tourists to frequent restaurants, hotels and to use other tourism
services. Investments for snow production naturally follow this incremental dynamic so as to reach
a current state of development: one of the highest in the Alps.
In every country, snowmaking has significantly developed in the past few decades. According to
DSF (2017; DSF is the French professional syndicate of ski areas managers and other countries also
have their own national organizations like WKO in Austria, ANEF in Italy, Seilbahnen Schweiz in
Switzerland or VDS in German.), 70% of ski areas are covered by artificial snow in Italy; 60%, in
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Austria 48%, in Switzerland and 35% in France. Beyond compensating natural snow scarcity, the
purpose of snowmaking is to contribute to the entire operation of the ski resort (Steiger and
Mayer, 2008). It requires important means that can only be useful if there is enough snow on the
ground at the right time, particularly in order for the resort to open for the holiday periods. Snow
availability is a prerequisite for ski-lift operation and grooming. For a better understanding of
operation costs it appears necessary to identify the weight of snow management and how its
improvement can enhance the entire resort.
1.2.
Investment dynamics
Montagne Leaders magazine annually publishes an investment survey about French ski resorts.
This allows the comparison of investment dynamics over time. Figure 1a shows that total
investment absolute values began to decline in 2007 after the critical ski season in 2006-2007 (wet
and warm meteorological conditions). French ski resorts chose to increase their funding for
snowmaking resulting in the highest amount being between 2002 and 2016.
a)

b)

Fig.1 :a) Total investments and b) Investments in snowmaking between 2002 and 2018
(source : Montagne Leaders for France and Austrian ropeway operators for Austria)
Figure 1b, shows simultaneously the amount dedicated to the investment in snowmaking and its
linear trend in each country considered. Since 2002, money invested each year in snowmaking has
been highly variable: between 33 million euros (M€) and 78 million euros (M€) which is more than
twice as much. Recently, Austria revealed the same trend but on another scale, with more than
200 million€ to less than 100 million€ depending on the year. If we look at the share of total
investments dedicated to snowmaking (Figure 2) we observe similar behavior in both countries:
The higher the total amount of investments, the more the share for snowmaking increases with
mutuality. Regardless of the entire investment evolution, investments for snowmaking appear to
be a lower priority than other investments, and may be adjusted to match the investments’
capacity. With more than 20% of investments, and up to 40% in Austria in certain years, it is a
strategic means with which to operate ski resorts but not one which is mandatory (compared to
safety obligations, legal maintenance on ski lifts or grooming machines). In both countries, the
trend shows the decrease in the economic effort to increase snow production capacity. Several
assumptions may explain this.


We are not able to differentiate between the network of snowguns and the necessary
equipment needed to operate them, in particular the artificial lake for water provision. Once
these investments have been realized, the availability of water may allow the extension of a
snowguns’ network at a lower price than the initial ones.
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Considering both technological improvements and previous investments, ski resorts may have
reached a threshold where they do not need to invest as much as they have done in the past
when setting up their first snowmaking facilities. They may have covered enough ski tracks
with machine made snow to ensure the opening of the resort. Investments then enter a new
dynamic for the maintaining and renewing of existing facilities.



Among poor or successful economic seasons, ski-lift companies may find it difficult to find the
necessary resources with which to invest. Their investment capacity dedicated to snowmaking
is also driven by mandatory investment in ski-lifts caused by safety obligations, legal control
and renewal.

Fig.2: Various investments in French and Austrian ski resorts between 2002 and 2018
(source: Montagne Leaders and Austrian ropeway operators)
Figure 2 provides us with more information concerning the overall evolution of investments in
France and Austria. Concerning France, data is available for the years between 2002 and 2016,
whilst data is available for the years between 2008 and 2018 for Austria. The early 2000’s
contained several unfavorable winters for skiing. The season 2006-2007 seems to have had a
particularly strong impact. It marks the end of a growing trend and leads to a great decrease until
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2011. The peak of snowmaking expenses came about in the years following these difficult winters.
While total investments’ absolute value (not shown) began to decline in 2007, after the critical ski
season in 2006-2007 (wet and warm meteorological conditions), French ski resorts chose to
increase their funding for snowmaking resulting in the highest part being between 2002 and 2016.
Following the ski season 2010-2011 (dry and cold), investments in snowmaking met with a light
rebound while ski economics have been slowing down for the previous five consecutive years
Each of these peaks occurred after ski seasons in which ski resorts encountered important
operational difficulties. In 2007, despite a season of little snow, scheduled investments had not
been questioned, and in 2011, they had been relatively reinforced. The decrease of investments
meanwhile reached its minimum value. Managers’ decisions are not only led by short-term
concerns but also by their convictions that snowmaking may be reinforced and their priorities
adapted to operational problems encountered during the past season. A poor snow season reveals
the part of ski resorts more prone to difficulties, therefore motivating specific investments.
Other reasons may explain the shifts in snowmaking investment dynamics. In France, the political
change in NUTS 2 and NUTS 3 in the Alps caused an important evolution in favor of public support
for resort equipment for snow production. After the winter of 2012-2013 which was particularly
snowy, and until the current 2017-2018 season, ski resorts had to deal with unfavorable
conditions, especially at the very beginning of the seasons. On the one hand, decision makers
facing recurring difficulties are willing to protect themselves from snow natural variations, on the
other hand, repeated economic difficulties limit their investment capacities. The rebound of
investments in snowmaking since 2014, in France, (figure 1) has therefore also relied on public
funding.
As for complementarity of snow management operations (cf. supra), ski-lift and snowmaking
investments are linked together. The price for chairlifts or gondolas is much higher than that for
snowmaking equipment but the write-offs for the ski-lift enforce the need to operate it, with the
help of machine made snow if necessary. Snowmaking also has a cost justified mainly by skiervisits: it is profitable if people use it for skiing, and the interested ski tracks must be served by the
adapted ski-lift to guarantee skier flows. As stressed by the 100 days rule, the number of opening
days is crucial for resort viability. This applies with distinct magnitude depending on the period: a
day during a holiday is much more valuable than an ordinary one (Steiger, 2010; Spandre, 2016).
Winter school holidays (in February) also have a greater direct impact on ski-lift companies than
those at Christmas where skiing is not the only incentive for touristic sojourns (interviews with
stakeholders). The beginning of the season when snow cover is less reliable is however always a
critical time for resort opening. Even ordinary days do not retain the same value between the
weekend and other days. Their value also varies as the season unfolds. Falk and Hagsten (2016)
discovered the importance of early snowfall which Falk and Vanat (2016) interpret as a gain of
visibility (to be the first to open). There might be some advantage in the delaying of resort closure
but it is harder to attract skiers for skiing during the spring than in winter.
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2. Operating costs in ski resorts
To understand what the operating costs are, how they appear and how much they contribute to
the ski resorts’ operation it is necessary to gather additional information. Firstly, we will review
the different sources of information, how accurate they are and the difficulties in collecting data.
Secondly, we will study the cross-dynamics between turnover and operating costs. Finally, we
identify the main influences in order to explain these costs. A ski resort is mainly organized with a
common service for executive management and administrative tasks and functional services with
which to operate the resorts: ski-lift, grooming and snowmaking. We will focus on all of the latter
as they are the most concerned by PROSNOW.
2.1.

Available operating costs information

As stated in the introduction, operating costs are sensitive data and as so are often kept
confidential by ski resort managers. This explains the lack of information in the literature and the
difficulties in their collection, even in the context of PROSNOW partnership and confidentiality
agreements signed within the consortium. Ski resort representatives do not often wishto answer
thisform of request, partly because the knowledge of the turnover and the operating costs leads
to the knowledge of the gross operating surplus - an information managers do not want to be
discovered by their competitors, customers or suppliers.
Cost sharing is also often known for the main expenditure items (human resource, administration,
energy - fuel or electricity -, water, maintenance) but it is difficult to find out allocation between
different uses (grooming, running ski-lift, snowmaking). Resort staff may be shared between
different departments and the use of electricity is not monitored specifically for each case.
Although quantifying the electricity consumed for general purposes, running ski-lifts or
snowmaking may look obvious, the French resort Les Orres has been awarded for its Smartgrid, a
relatively new energy management system, revealed at Mountain Planet 2018. The main concern
of ski resorts is to spread out time consumption so that it does not attain the threshold of power
from which electricity becomes more expensive.
In every studied country, organizations representing ski resorts provided some input about the ski
business: DSF (Domaines Skiables de France) in France, RMS (Remontées Mécaniques Suisses) in
Switzerland, VDS (Verband Deutscher Seilbahnen) in Germany, ANEF (Associazione Nazionale
Esercenti Funiviari) in Italy, and WKO (Wirtschafts kammern Österreichs) in Austria. None of them
however published similar information. To the best of our knowledge, only France and Switzerland
provided information concerning operating costs in ski resorts. And even in this case, the
information was not directly comparable because it was not based on the same approach: in
France, DSF shows expenses according to their nature and in Switzerland, RMS shows the sharing
between different services (Figure 3). Gonseth (2008) presents distribution from a SBS document
which is no longer available and where the sharing of operating costs is comparable to DSF. It
includes depreciation for equipment and the category “other” is vast which highlights the lack of
knowledge concerning these costs. Between the distribution of DSF and Gonseth (2008), an
important difference exists which concerns taxes (23% in France and fewer than 5% in
Switzerland), another difference concerns labour (30% in France, 37% in Switzerland). This is
especially notable if we take into account the weight of depreciation which minimizes the labout
aspect in operating costs. This must be considered with care since the methodology to produce
such results has not been published.
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Fig.3: Average overall operating costs(source: Recueilindicateurs 2010 - DSF, RMS 2015
Grischconsulta, 2015;Gonseth, 2008)
It is hard to say how these figures are computed and what costs they represent exactly. This is
general data which does not allow the identification of the key factors of operating costs and
which justifies the set-up of an online survey (annex 1) aimed at all ski resort partners of the
PROSNOW project. Even if a non-disclosure agreement was implemented and the present report
needed to be confidential, it would be hard to collect data from ski resorts. Each of them has its
own accounting logic and comprehension of costs provenance. PROSNOW aims to optimize snow
management, and in particular lower the costs of snow management through better anticipation.
The results of this survey must be handled carefully because few resorts are studied on the mere
basis of short term time series. The results cannot therefore be considered as representative of all
ski resorts. Only 4 of the 8 partner ski resorts of PROSNOW provided information, an information
which is often non-complete. Although there are some limitations due to the small sample size
considered in the survey, the results concerning snow management converge with local working
group (LWG) feedback. Some results are not always collected the same way in the different resorts
either. Holiday organization is an important criteria for the understanding of resort operations
throughout the season but is not always comparable between countries (e.g. Livigno indicates a
very high part of turn-over realized during the winter holidays although there is no real winter
break in Italy and it is hard to know what the period considered by resort managers is exactly).
Another difficulty arises from the accounting system. For PROSNOW which works on a seasonal
scale, we would like to collect seasonal information which is not systematically from the period of
the accounting exercise. Often, many transmitted data are calculated across a calendar year and
are not seasonal. This provides skewed results when considering a specific season.
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2.2.

Turnover and operating costs

In order to analyze variations of operating costs through different snow conditions, we collected
data for three characteristic seasons and over the past five seasons. We chose the season 20062007, which, according to Simpson (2007) and François et al. (2014), was warm, with low natural
snow quantity, where there were difficulties to produce snow due to high temperatures. The
season 2008-2009 was remarkable for the high quantity of natural snow, so there was a reduced
need to produce snow during the season. The season 2010-2011 was a winter without much
natural snow, but the weather was cold and dry, so it was easier to produce snow (François et al.,
2014).
Fluctuations in turnover and operating costs seem to be fewer than differences between ski
resorts, and these variations are limited when compared to inter annual weather variability.
Differences between ski resorts may be explained by the resort location and their ski area
properties over the others. Some resorts with higher altitude are more snow reliable than others
and also benefit from longer suitable time slots for snowmaking in order for them to offer better
snow warranty. This is attractive for customers and helps to guarantee a correct turnover. The
standard deviation to the turnover over time, which measures relative dispersion, is between
8,04% and 16,78% for the resorts studied. This reflects quite a low dispersion of these resorts’
turnover. This low variation seems to be less important for larger ski resorts, but we need extra
feedback in order to confirm this assumption. Likewise, variation coefficients of operating costs
vary between 13,01% and 17,14% for the ski resorts studied. Differences may be explained inside
each service and will be detailed later.
The relationship between operating costs and turnover appears to be linear amongst different
seasons and the ratio operating cost / turnover almost steady regardless of the natural snow
conditions. Based on the few resorts which took part in the survey, this means that during poor
snow seasons when the turnover drops, it may be impossible to operate ski-lifts or snowmaking
facilities and operating costs will also witness a drop. In normal seasons operating costs grow
proportionally to the turnover and depend on the season beginning. It is the main period for snow
production when it is necessary to prepare as many ski tracks as possible. Opening on time is
compulsory and it is the period where most of the machine made snow is produced (further
developments about this in the third part “Strategy and issues”, see figure 12, below), when
nobody can tell how the rest of the season will advance.
Furthermore, the values of the ratio operating costs / turnover differ significantly from one resort
to another. For now, we are not able to explain these differences. They may depend on national
contexts, or ski resort specifications such as water resources for snowmaking, labor costs, local or
national taxes. Concerning differences in the ratio turnover (thousands of euros)/VTFH (Vertical
Transport Feet by Hour, also referenced as the ski-lift power in France, measures the contribution
of a ski lift to a global transport capacity, explicitly accounting for elevation gain), French ski
resorts seem to be less competitive than those of Austria but we need to receive more responses
before making conclusions.
2.3.

Expenses by service

A complementary survey was realized in France because of the privileged relationship between
French pilot resorts and leaders of WP2 in charge of the present deliverable. The results are
represented in Fig. 8, Fig.9 and Fig. 10. This information comes from a direct survey within
different services managing the resort.
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Most operating costs are represented by expenses concerning grooming, ski lifts and snowmaking.
We will analyze individually the various components of these costs.
2.3.1. Ski lift
Regardless of the investments which represent heavy costs, the principal expenses linked to ski
lifts supported each season by the ski resorts can be summarized by the staff, the energy used
(electricity), the maintenance and the insurance.

Fig.8: Distribution of expenses for ski lifts (%)(source: response to PROSNOW survey)
The distribution of ski lift costs appears to be steady, with the majority associated to the cost of
labor. On average for the season concerned, the staff represent 63% of the cost of running ski lifts
(depreciation excluded), 14% of electricity, 18% of maintenance and 5% of insurance. Some
marginal variations of this cost distribution are observable: labour costs seem to be almost steady
whilst electricity consumption and maintenance costs vary over time. Whilst the latter depends on
multi seasonal factors (ski lift age and investment cycles, previous maintenance operations,
operation time, etc.), electricity appears to be the main response to snow conditions. In 20062007, when resorts had to face a lack of snow and it was hard to operate snowmaking facilities,
the limited opening of ski lifts resulted in a low level of electricity consumption, the higher share
being for labor costs. This could be explained by the legal constraint on employment. In terms of
absolute value, this dynamic corresponds to a constant growth of total operating costs which were
at their lowest level in 2006-2007, almost steady until 2013-2014 and then at an increase during
the final years, a fact mainly linked to maintenance cost evolution.
Another question could be raised about ski-lift opening regarding safety obligations. Securing ski
areas and avoiding the risk of avalanches is expensive. All preventive avalanche maintenance costs
around 0,13% of a total seasonal turnover for the resorts studied, and often, snowfall is lower
than announced (discovered through interviews with stakeholders in PROSNOW pilot ski resorts).
There is no need in this case to trigger an avalanche and expenditure could have been avoided. If
snowfall is more abundant than forecast or due to a lot of wind, the time needed to secure the
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tracks is longer, and the opening of ski lifts in the morning may be delayed. Since revenues of ski
resorts are linked only to ski lift tickets, opening is critical.
2.3.2. Grooming
Regardless of investment, the main cost linked to seasonal grooming performed by ski resorts is
staff, fuel, maintenance and insurance. Many ski resorts use leasing solutions for the grooming
machines which are expensive and a bit confusing as they avoid certain investments not
considered as such since the leasing is embedded in operating costs.

Fig.9: Distribution of expenses in grooming (%) (source: response to PROSNOW survey)
Regardless the season, the distribution of grooming costs is steady. On average for the season
concerned, staff represent 31% of grooming costs, 29% of leasing, 28% of fuel, 10% of
maintenance and 2% of insurance.
Some economic stakeholders of ski resorts, such as the slope managers’ association or consulting
firms, summarize grooming costs by hour or by hectare. Based on empirical data from medium to
very large resorts, this cost fluctuates between 100 and 160 euros an hour and 6200-7000 euros
per hectare for the entire season, depreciation included. The higher difference between cheap
and expensive hourly costs and surface area costs may depend on different economic scales. It
seems that the more an hour costs, the more it is performant, allowing groomers to groom a
larger area. A larger grooming machine fleet and / or newer machines may help to reduce costs
through surface units but may only apply to the largest ski areas. The efficiency gain then
compensates the more expensive grooming time. Providing quality tracks to a client with
grooming, short term weather forecasts, in particular a rain/snow elevation limit and more
accurate temperatures over time and space, helps the smooth running of an ideal scheduling and
the use of appropriate accessories at the correct altitude.
Some solution providers such as CGX or Snowsat (amongst PROSNOW partners) or Leica geo
systems already claim that they can support operating cost reduction by between 11% and 15%
based on energy saving, lower requirements for machine made snow and the improvement of
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productivity. All the costs shown in annex 2 are estimated very broadly, based on the direct
relationship between the service providers and their customers. They are however mainly
showcased by marketing services. Without any precise methodology with which to measure it, it is
difficult to imagine how the impact of PROSNOW on these existing solutions can be assessed.
2.3.3. Snow production
On the economic side, there is no general study about snowmaking costs. Several studies about
climate change impact assess the dynamic of the number of opening days over time to compute
the resort viability (Steiger et al., 2017). These approaches are based on the 100 day rule (Abegg,
1996, Abegg et al., 2007) and have been progressively refined until now, in particular by taking
into account snow production whilst still ignoring its specific costs. Snowmaking may not secure
every situation and we should ask ourselves if it is important to have a maximum of information so
as to decide whether or not it is costly but strategic or if it is costly but useless for the production
of snow. This is an economical issue with at stake, the ability to compare snow production capacity
and the capacity of snow production to allow the operation of ski-lifts . Currently this question
does not seem to be answerable because the few existing studies focus on particular cases and
show significant variability both for investment dynamics and operating costs.
The variability of operating costs partly explains the lack of solid information concerning
snowmaking. ODIT France (ODIT-France, 2009) reports an average cost of 830 € for 1,000 m3 of
snow without investment costs whilst Badré et al (2009) estimates it to be nearer 2,000-2,500 €,
incorporating write-offs. Rosalind et al. (2012) reports a wider range between 407 $ and 3,252 $
(approximately, 300 and 2,600 €, depending on the exchange rate) without investment costs and
up to 4,065 $ (approximately 3,300 €) including capital costs. P. Paccard (2010) also reported an
important variability in the comparison of two resorts. Between Orcières in the Alps and La Bresse
in the Vosges mountain range, the main difference comes from electricity. This has been revealed
through the case of Tignes (a 30% growth of operating costs due to the increase of electricity
costs, cf. below), stressing the importance of energy costs. Even comparable prices do not involve
the same operation costs however. Variations in snowmaking costs also depend on the degree of
automation, the period of production, water availability and factors such as the prices of
production (Gonseth 2008).
Regardless of investments, the principal costs linked to snow production supported each season
by the ski resorts can be summarized by staff, the energy used (electricity for water pumping and
air compression), water and maintenance. The insurance for snowmaking facilities is often
integrated with ski lifts. This can be confirmed by the information provided from ski resort
partners of PROSNOW (figure. 10).
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Fig.10: Average distribution of expenses in snowmaking (%)
(source: response to PROSNOW survey)
Between different resorts, the main differences concern electricity, labor and maintenance.
Indeed, in some resorts staff may not prove a major expense for snow production, probably
because they are polyvalent and not assigned to a unique activity. Water is not a direct concern in
terms of the operating costs of snow production because the most expensive thing is the building
of reservoirs, considered as investments and / or the energy costs of taking water from a remote
place. Regardless of the pumping, the cost for the acquisition of water varies depending on the
location of the water resource. It is free if drawn from natural places and charged for if drawn
from hydroelectric dams (through contract with the operator) or by the surplus of a domestic
water supply.
Some of the differences can be explained by specificities of each ski resort. All things being equal,
the ski resort with lower altitude water storage reservoirs has higher expenses in electricity,
because of the costly pumping of water. The growth of the need for water contributes to the
increase in global operating costs and is a strategic factor for the reduction of operating costs.
The technology of snowmaking facilities may also have an impact on electricity expenses. Bi-fluid
snowguns (i.e. snowlances) use more compressed air which is expensive. This kind of expense also
increases with the Wet Bulb Temperature (WBT) at production time: the higher the WBT the more
compressed air you need for the snow to be dry enough (interviews with LWG). This is particularly
critical during the pre-opening time when the air temperature is higher than in the winter core.
Differences in maintenance expenses may also be explained by the frequency of spare parts
renewal, in particular the nozzle on snow lances which is vulnerable and expensive. The quality of
water used has a huge impact on its degradation, depending on whether the water is hard,
sedimentary or in the presence of organic material.
Regarding labor, some ski resorts have staff dedicated to snowmaking where there is a strong
follow up of the production. Others have a polyvalent staff not attributed uniquely to
snowmaking.
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3. Seasonal distribution of ski resorts operations.
Snow conditions were not a major concern during the initial period of the creation of ski resorts.
The focus was rather on setting up simultaneously ski-lift and housing infrastructures, more than
the guarantee of snow which was supposed to be abundant enough naturally (François and
Marcelpoil, 2012). Priority was given to raising the necessary funding for these initial investments.
Of course, the concerns for snow management appear early on but mainly as an issue for the
“skiability” of ski tracks and their accessibility to as many tourists as possible. The question of
snow scarcity arose only when discussing operation issues. The first winters with very little snow
highlighted the imperative need to pay off the investment realized. Inter-annual variations of
snowfalls are a real risk for ski resort operations. Snowmaking surely contributes to its reduction
but at a cost. This paradox is pointed out by Scott (2003): the snowmaking required for ski industry
operations may become uneconomic. PROSNOW aims at reducing the snow management costs
and optimizing the snow production during the season. To achieve this objective the first step is to
gain better knowledge of the actual use of machine made snow. For a complete understanding of
the crucial role of snowmaking, we firstly need to understand the economic constraints on ski
resort operations during a typical season.
As shown in figure 8, operating costs for ski lifts are mainly linked to the staff needed to run them.
Opening a ski lift depends not only on the availability of the required snow, but also on the
presence of skiers and the safety of the area. For example, many ski resorts closed at the end of
the winter 2017-2018 whilst snow depth was still great, because the skiing demand was too low to
support operating costs. In contrast, demand is high during the holidays and ski lift openings prove
a major concern for ski resorts. They require, for example, a minimum snow quantity, safe tracks
for beginners (possible with grooming) and a safe area. Meeting these requirements implies
different periods which are more or less critical for operations during the season. To better
understand PROSNOW benefits, it is also interesting to understand how turnover is distributed
over time.
Periods

France

Switzerland

Italy

Seasonbeginning

7 days
December

Christmas holidays

14 days
end of December and
beginning of January

25 days
end of November and
December
14 days
end of December and
beginning of January

32 days
end of November and
December
14 days
end of December and
beginning of January

Inter-holidays

33 days
January and beginning of
February

32 days
January and beginning of
February

22 days
January and beginning of
February

Winter holidays

26 days
February and beginning of
March

28 days
February and beginning of
March

28 days
February and beginning of
March

Season end

56 days
75 days
63 days
March, Avril and beginning of March, Avril and beginning of March, Avril and beginning of
May
May
May

Table 1: Days per period considered for figure 11 and figure 12. (source :response to PROSNOW
survey and exchange with PROSNOW LWG)
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Table 1 represents the number of days inside each period considered (season beginning, Christmas
holidays, Inter-holidays, Winter holidays, Season end), for each country (France, Switzerland and
Italy). This table is necessary to realize figure 11 and figure 12 and was determined with the help
of PROSNOW LWG.
a)

b)

Fig.11:a) Distribution of turnover during the ski season and b) Percentage of the total turnover
realized each day on average, following period concerned(source: response to PROSNOW survey)
Figure 11a highlights the differences in the turnover distribution during the various periods. When
winter holidays represent almost half of the resorts’ seasonal turnover, the season beginning
(before Christmas holidays) seems negligible but it is also a question of visibility / attractiveness
(e.g. the image) for the resort. Falk and Hagsten (2016) stressed the importance of early opening
in communication. An interview with Crans-Montana’s manager (A. Clivaz, personal
communication, 15thJanuary 2016) revealed that they wished to install snowmaking facilities at
the top of the ski area for an early opening of the resort by mid-October and thereby ensure
extensive coverage in the media. Figure 11b takes into consideration the number of days in each
period for each country concerned, allowing us to understand how daily turnover is distributed
during each period. We can see, for example, that a closing day at the beginning or end of a
season, has about four times less impact economically than a closing day during the winter
holidays. Figure 11 is very useful for characterizing the potential loss avoided in the case of early
opening or late closing.
Given the unequal weighting of periods during the ski season, snow management also plays
various roles. First of all we consider how snowmaking can help to address snow issues and what
snowmaking is used for. The second part is dedicated to describing what is critical in the practical
organization of snowmaking operations and will open up a third part with a final focus on water
constraint.
3.1.

Snowmaking processes during the season

Steiger and Mayer (2008) summarize the objectives of snow management practices using
snowmaking. They describe multiple purposes from the creation of a snow base layer which is the
first and widespread practice, to more specific uses of snowmaking. These include snowing higher
elevations for an early opening, completing coverage of the ski area mainly for marketing and
image creation, to snowing on glaciers which could be useful for early openings in September but
inefficient to compensate glaciers melting and creating a depot for warmer periods during the
season or for lower “valley runs”. The survey organized by Spandre et al (2015) also stressed the
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importance of the return to the skiers’ accommodation. Snow production on lower ski slopes
within the groomed area seems logical because it takes care of those most affected by snow
variability and addresses the issue of the return for those skiers present within the ski area
without relying on ski-lifts.
Regardless of the way in which snowmaking is used, we can highlight the expected impact of
snowmaking:


By capitalizing the snow: no natural snowfall should be lost. Given snowmaking costs, it
cannot be a natural snowfall substitute and compensate the lack of natural snowfall but it may
be useful for taking advantage of any snowfall if a base layer is present. Indeed, snowmaking
ensures grooming even if natural snowfalls are insufficient.



By ensuring that the season length is possible through punctual snowmaking operations in
order to add snow in susceptible places and by avoiding holes which could limit the opening of
some ski tracks. This snow maintenance is a warranty for keeping the ski area operational for
as long as possible.



The opening of the resort is the main challenge in the launch of the whole season. It is a very
important period for two reasons. The first one is a timing issue: the Christmas date is fixed
and the corresponding holidays are the first challenge for ski resorts. The second is an
economic issue. In order to launch operations, the resorts have to hire seasonal workers and
snowmaking guarantees that they will have duties to undertake and that the grooming
machines can operate.



Different snow management operations are interdependent. Snowmaking requires grooming
operations for the spreading of snow on ski tracks. The optimization of snow spreading relies
on slope shaping in order to facilitate the management of a layer as thin as possible (with the
use of real time measurement of snow depth on tracks) and to remove slope breaks where
snow erosion is critical.

All these operations aim to maintain skiability on ski tracks for as long as possible in order to
maximize benefits of resort operations. Snow management, and even more snowmaking, proves a
major concern for ski resorts but in the current state no robust methodology exists to execute
these operations. Gathering weather information, specific indicators for snow production and
explicit modelling of the snowpack on ski tracks may help to improve coordination between
operations and thus increase the whole efficiency for the maximization of the resort opening
during the best period.
The impact of a closure day is also relative to the resort size and the ratio between snowmaking
costs and daily revenue sales. This may be an important criterion for further research. It depends
on operation cost factors, the need for snowmaking and the capacity of snowmaking to mitigate
snow scarcity. Falk and Vanat (2016) conclude that snow production has a more positive effect for
larger and higher ski resorts than those which are smaller and which remain dependent on
meteorological conditions to make snow (i.e. if there is not enough natural snowfall, the required
time slots for snowmaking remain unmet). Gonseth (2013) presents a different interpretation of
similar facts. The author stresses the positive impact of wintry conditions for small and medium
sized resorts to which access is easier and which provide other appealing aspects, not only those
related to skiing.
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3.2.

Criticality of snowmaking use under current climate conditions

In order to run ski lifts, the presence of snow is of course required. In the instance of a lack of
natural snow however, snowmaking is a useful alternative. To produce snow, certain weather
factors are required and snow managers expect more accurate and reliable forecasts such as wind
(best if low, under 15km/h). If not, production may not stay on the track area. The wet bulb
temperature is also a critical factor for the production of snow. The drier the air, the more
important the output and the higher the quality. Some snowmaking facilities are also concerned
by the nozzles freezing after periods of intensely low temperatures. These different factors evolve
from the beginning to the end of the season. The main issue gathers importance if the need for
machine made snow fits more or less the weather conditions. This may be a critical concern for
PRONOW.
Regarding the answers from ski resort partners of PROSNOW, the production of snow can be
distributed in the following way (figure 12).

Fig.12: Average distribution of snow production during the season (%) (source: response to
PROSNOW survey)
Figure 12 shows that a large part of snow is produced at the beginning of the season. The main
goal is to constitute a base layer which ensures early opening and snow capitalization throughout
the season (as much as possible from natural snowfall). The production continues during the
season, to refill the erosion zone and to prevent a lack of snow by the end of the season.
Concerning the resorts which have responded to this question, it appears that for the season
2016-2017, four closing days were costlier than all of the seasonal snow production costs (based
on the average daily turnover for the whole season). This figure should be considered cautiously,
firstly, because the season 2016-2017 was a season with unsuitable conditions for producing snow
so this amount is particularly high, secondly, because the turnover does not have equal
distribution during the season. As shown in figure 11, closure in the winter holidays doesn’t have
the same loss of profit as a closing day at the end of season. This explains partly the strong
aversion to risk that ski resort and snow managers have at certain key moments especially when
the season’s beginning is in approach. This also happens however during the rest of the season,
even with better conditions, when the turnover issue is bigger (i.e. for the winter holidays).
Indeed, the cost of snowmaking during the season appears as relatively low compared to the lack
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of profit on a closing day. This affirmation arises mainly from interviews and online survey results,
thus it depends only on PROSNOW pilot resorts. Our analysis, relying only on a limited number of
cases, indicates that snowmaking costs are negligible compared to ski resort turnover.
A common point of view is shared by resort managers concerning the interest of snowmaking and
this idea surely limits their willingness to pay for a service which helps to optimize snow
production if machine made snow is not as costly. For a season where snowfalls occur late (after
the Christmas holidays), snow production allows the ski resort to open early and secure an
important part of turnover. To ensure the opening at key moments throughout the season, ski
resorts do not hesitate to produce snow as soon as possible without looking at future weather
conditions. This is slightly moderated by water constraints and the risk that the need for
snowmaking production may not be responded to if necessary in the future.
3.3.

Availability of water resource under current climate decisions

Beyond the risk aversion of snow managers determining production, the availability of water
resources must be discussed. Currently, the optimization of snowmaking costs is not a main
concern in ski resorts as it does not directly impact operations as long as ski resorts are able to
produce snow. The focus is more on the critical availability of water resources. Ski area managers
are not the only ones to use water resources in the mountains, there is also a domestic and
agricultural need, one for power generation via hydroelectric dams and a necessity to keep a
minimum flow for fauna and flora. For these reasons, pressure on water resources is a recurring
main concern in public debates and its use may create conflicts.
The amount required for snow production represents a great volume. The volume on one hand
should increase along with the evolution of growing needs for machine made snow (an answer to
the reduction of natural snowfall) and on the other hand decrease the number of time slots
optimal for production. The production of snow needs certain weather conditions which are not
always fulfilled and when it is possible to produce snow water quantity available may be
insufficient. The building of water reservoirs aims to increase storage capacity but may remain
insufficient for the entire season. Some ski resorts have to manage effectively the dynamics of use
and refill their reservoirs to ensure their capacity for snowmaking regarding natural conditions and
snowpack evolution. The less abundant the water, the more critical the decision schedule for
production. For example, if a heat wave comes after production early in the season, the snow
produced may melt and if the storage reservoirs are empty, the opening of the ski resort may be
delayed.
To take advantage of the early time slots, the current trend is to increase the instant production
capacity in order to target only the better time slots to trigger snowmaking. The risk is that the
rest of the ski season may be jeopardized by reducing water availability. The growing need for
water may also result in its collection from foreign locations or the building of more extensive
altitude artificial ponds. This may lead to an important increase in operation costs but is
economically acceptable because (as emphasized for Australian ski-resort economy highlights by
Hennessy et al., 2008), without this aspect, we could not make any benefits due to ski lifts being
unable to operate. Water storage also imposes constraints. A better knowledge of the weather
forecast may contribute to the improvement of production efficiency, to a better coverage of the
ski area (not only priority zones) and a diminution for the need for water.
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3.4

Relevance of energy consumption under future climate conditions

The beginning of the season seems to be very sensitive and would be more impacted by climate
change becoming a major issue. The constraint of a changing climate is in fact a double constraint
and leads to a scissor effect: while the need for machine made snow would increase with the
reduction of natural snowfall, the efficiency of snow production would decline (considering the
present state of technologies) with the decrease of optimal time slots for snowmaking (Steiger,
2017). If the water resource availability issue was solved, energy consumption would be the next
issue. As pointed out by Alessandrini (2013), operating costs, such as energy for example, differ
from one ski resort to another and these differences impact the sustainability of the resort.
Producing snow at higher temperatures would need more water and would also require more
compressed air which is an important source of energy consumption. In a future therefore where
climate change constraint grows, energy could become a critical issue potentially addressed by
PROSNOW.
Ski resorts are also dependent on external costs’ evolution. The French Court of Auditors (CRC)
reported in 2018 an increase of 30% of operating costs for snowmaking between 2007 and 2015
for Tignes ski resort, mainly due to the increase of electricity costs. The evolution of energy costs
cannot be clearly assessed at present, but it will surely rise in the future. Energy costs are already
making a significant difference between ski resorts, but this is currently linked to water supply for
snowmaking facilities regarding the water source. For every resort, the evolution of energy costs
cannot be clearly assessed at present, but it will surely increase in the future.

4. Relevance of PROSNOW to optimize operating costs
PROSNOW aims to provide information to optimize snow management with respect to a ski
resort’s operating costs. This study of operating costs highlighted some levers for action where
PROSNOW may play a role:
 The opening of ski-lifts requires snow on ski tracks. This issue is addressed by grooming
and snowmaking in the following points. It also requires a safe area where an avalanche
risk has been managed and this is costly. Can PROSNOW contribute to the reduction of
such costs and provide better organization, thanks to better knowledge of weather to
come and the quantity of snowfall on a smaller scale, avoid costs in preventive avalanche
triggering therefore consolidating ski resort turnover?
 PROSNOW can improve the efficiency of grooming operations in both the short and long
term. In the short term, accurate forecasts combined with explicit modeling of the
snowpack evolution could contribute to the optimization of operations through the better
allocation of groomers and grooming machines and thus reduce labor, energy and
maintenance costs. Every day PROSNOW could help to define priority sectors for grooming,
accounting explicitly for the evolution of the snowpack in the following days, including
grooming or not. This information is currently non-existent. PROSNOW could also consider
contributing to the improvement of existing onboard monitoring tools to include a
forecasting perspective. Seasonal forecasting may help better planning and the
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optimization of the use of leasing which represents 30% of grooming operating costs for
the resort in question.
PROSNOW could also contribute directly to snowmaking optimization. This is an important
topic where the service should support the reduction of operation costs both in terms of
money and resource saving, by choosing the best time slot for production.

Table 2 summarizes where PROSNOW can help snow management optimization and provide some
added value for the ski resort regarding basic operations (snowmaking, grooming and ski-lift
management).
a)

b)

Snowmaking

Forecast

Area prioritization

Early season Seasonal
During season Short term

Choose slots of
production

During season Short term

Grooming
Planning of the
means of
production
Planning of the
moment of
grooming

c)

Period

Ski lifts

Flow management

Areas securing

Period

Forecast

Early season

Seasonal

During season Short term

Period

Forecast

Early season Seasonal
During season Short term

During season

Seasonal
Short term

Variable
Utility
Orientation
Defined sector where snowfall will be
Snowfall
least favorable
Snowpack
To ensure season length
modelling
Wet bulb
Reduce pressure on water resource
temperature
Provide better snow quality and
Wind speed
safety to clients
Snowfall
Optimization of costs in electricity,
Snowpack
water, maintenance, labor.
modelling
Variable
Utility
Snowfall
Reduce leasing costs by optimizing
Snowpack
the number of grooming machines
modelling
leased
Snowfall
Optimizing the use of the right tools
Rainfall
at the right altitude
Limit rain/snow Optimizing costs in labour, leasing, oil
Snowpack
Providing better snow quality and
modelling
safety to clients
Variable
Utility
Indicator of
sunlight
Adapting ski area opening and staff
Snowfall
needed
Air
Optimizing costs in labor
temperature
Indicator of
alternation
rain/snow/frost
Optimizing costs in labor
Wind speed
Increasing client satisfaction by
and direction limited late opening in case of rope's
Snowfall
frost
Snowpack
modelling

Table 2: Proposition of indicators which can be useful for
a) snowmaking, b) grooming and c) ski lifts.
Table 2 proposes indicators which can be useful for snow managers. The proposed indicators focus
on several services in a ski resort (snowmaking, grooming and ski lifts). These indicators are the
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result of exchanges with snow managers of pilot ski resorts members of the project PROSNOW.
Their implementation in PROSNOW would be useful to them, so far as to optimize their own snow
management practices by providing adapted information to their needs.

Conclusion
The present work provides useful information with which to understand ski resorts’ operating
costs and domains where PROSNOW could be useful, firstly in gathering available literature on the
subject which is lacking, and secondly, with a survey set up for PROSNOW pilot ski resorts. Most of
the ski resorts did not participate in the survey, which indicates that operating costs contain highly
confidential information, rarely divulgated, even in the context of PROSNOW and its
confidentiality agreements. It also explains that it is very difficult to gain input from literature or
previous studies.
This paper has firstly illustrated the context and investment strategies of the various countries
involved in PROSNOW. Even though investments could not be included in operating costs, it is
essential to understand them since they generate a major expense for ski resorts. With data
available from France and Austria, we highlighted the decreasing trend existing in snowmaking
investments, even if some rises occur after a winter naturally scarce in snow. If every country
showed significantly different coverage rates in their ski areas, the common trend, all things
considered, is that when a given threshold is reached, the improvement of the efficiency relies
more on the functioning side of things than that of investments.
Operating costs in ski resorts have been detailed as much as possible using available data. The
little existing information concerning operating cost sharing is provided by organizations
representing ski resorts in each country studied with different cost breakdowns, with no
methodological information and with the expenses (staff, energy, maintenance,...) for each service
(ski lift, grooming and snowmaking) often unknown which prove to be most interesting for the
estimation of PROSNOW added value. For the resort partners of PROSNOW who answered the
survey, the ratio operating costs/turnover was stable whatever the season, even those seasons
with poor snow conditions. This ratio differs greatly from one resort to another however. We also
detailed the expenses by service (without depreciation). For ski lifts, the staff represent over 60%
of expenses, between 15 and 20% for maintenance. In terms of grooming, staff represent almost
one third of costs, including fuel and leasing. For snowmaking, staff represent 24% of expenses,
37% of electricity, 27% of maintenance and 12% of water. Using these inputs, some forms of
optimization for PROSNOW may be considered:
Finally, we discuss the snow management strategies of ski managers. We point out the differences
in the distribution of turnover during different periods during the season which show great
heterogeneity. We look at the average daily share of turnover realized for each period of the
season, which provide richer and more useful information for PROSNOW. This provides an order of
magnitude: every day in the winter holidays provides an average 1.63% of the seasonal turnover,
and a closing day in this period is almost four times more costly than a closing day at the beginning
or end of the season. Likewise, daily turnover is comparable between Christmas holidays, when
the activity really takes off, and half-terms and it represents between a third and a half of the daily
turnover in the winter season. Since the turnover of ski resorts is mainly dependent on ski lift
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ticket sales, their opening is critical and requires different and interdependent snow management
practices to ensure it.
Different snow production times follow this agenda to ensure turnover: half of the snow is
produced early on in the season, and the other half between Christmas and half term. (interviews
with LWG). PROSNOW should therefore be useful for the optimization of snow production during
the pre-season, but the snow managers’ aversion for risk directly limits the potential use of the
services if it is unable to provide extremely reliable forecasts and if it is not trusted by its users.
This means that some time will be required before this kind of use transpires. Regardless of the
investments, snowmaking costs seem to be low in comparison with a closing day in the case of
snow scarcity, as four closing days cost more than all of the seasonal snow production costs put
together. This may explain the strong risk aversion of ski resort managers concerning snow
production. Even if a better period for production (better wet bulb temperature slot) could occur,
ski resorts generally choose to make snow as soon as possible during the pre-season time, the risk
of a lack of snow being higher than the production cost. This observation should be applied to
another factor which is a constraint for most of ski resorts: water resource availability. This
represents a real constraint limiting directly the capacity to produce snow. Accessing water
sources can be costly: water pumping from remote location can cost a lot and altitude reservoirs
represent great investment. With climate change, this resource may become increasingly rare
whilst machine made snow needs will rise, so conflicts for water use may increase and concern
over its availability could also increase.
By providing richer and more adapted information than that in current existence, more accurate in
terms of space (downscaling), with several time steps and representing snowpack explicitly,
PROSNOW will be useful for numerous purposes. This point will be further developed in the
deliverable 2.2 exploring the information collected in the LWG. For now, the added value of
PROSNOW cannot be estimated and will remain difficult to estimate in the near future especially
with limited time in which to collect users’ feedbacks. Willingness to pay from end users will be
complicated to obtain for reasons of their reluctance to use an unproved service. The lack of
knowledge of snow production costs do not help them to assess the value of the service. As
mentioned above, risk aversion is great in ski resort and time will be needed to gradually adopt
the adapted information provided by PROSNOW to snow managers. It may be interesting in the
development of PROSNOW to proceed gradually with a cheaper version (omitting some
information) and then with an improved one with further functionality.
At the same time, it would be useful to assess, not only the PROSNOW added value, but also the
costs needed to produce this service (computation time, setting up, infrastructure to provide the
service, system administration, etc.), and to find ways to reduce them. This would determine a
minimum price below which it would be unprofitable to sell PROSNOW. This price will constitute
the price of PROSNOW testing, as soon as possible, so as to have return information and promote
its use. PROSNOW will then gain added value, which theoretically represents the high limit of
PROSNOW’s eventual price.
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Section A: Specifications of the ski resort
A1.

What is the name and the country of your ski resort ?
Name
Country

A2.

What is your ski area’s elevation range?
Minimum :
Maximum :

A3.

What is the VTFPH (vertical transport feet per hour) of your total ski
resort ?
(http://wiki.fis-ski.com/index.php/Vertical_Transport_Feet_Per_Hour)

Section B: Turnover
B1.

What is your turnover (k€), number of opening days and number of
skier visits for these three characteristic seasons ?
Turnover (k€):
2006-2007
2008-2009
2010-2011

Number of opening days:
2006-2007
2008-2009
2010-2011

Number of skier days:
2006-2007
2008-2009
2010-2011

B2.

What is your turnover (k€), number of opening days and number of
skier visits for the five last seasons ?
Turnover (k€):
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

Number of opening days:
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

Number of skier days:
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

B3.

Whatever the season, on the average, how do turnover is shared
between different periods?
Turnover (%):
Season beginning
Christmas holidays
Inter-holidays
Winter holidays
Season end

Section C: Operating costs
C1.

What is your overall operating costs (k€) for these three characteristic
seasons ?
Overall operating costs (k€):
2006-2007
2008-2009
2010-2011

C2.

What is your overall operating costs (k€) for the five lasts seasons ?
Overall operating costs (k€):
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

C3.

What is the percentage of your spending for each categories and for
this three characteristic seasons?
Ski lift:
2006-2007
2008-2009
2010-2011

Grooming:
2006-2007
2008-2009
2010-2011

Snowmaking:
2006-2007
2008-2009
2010-2011

Administration:
2006-2007
2008-2009
2010-2011

C4.

What is the percentage of your spending for each categories and for
the fives lasts seasons?
Ski lift:
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

Grooming:
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

Snowmaking:
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

Administration:
2012-2013
2013-2014
2014-2015
2015-2016
2016-2017

Section D: Snowmaking
D1.

What is the part of your ski area covered by snowmaking (%) ?
You must provide a percentage

D2.

What is the part of total snowmaking do you use per period ? (%)
Snowmaking (%):
Season beginning
Christmas holidays
Inter-holidays
Winter holidays
Season end

D3.

How operation costs for snowmaking are shared between water,
energy, labour, maintenance, etc. ?
Part in the costs of production (%):
Water
Energy
Labour
Maintenance
Others

D4.

Where does the water used for snowmaking come from ?
Reservoir for snowmaking
Hydroelectric dam
Drinking water supply network
Water from natural environment

D5.

What is the total volume of water available at the beginning of the
season (m3) ?

D6.

Water used for snowmaking for these three characteristic seasons
(m3)
Water volume (m3):
2006-2007
2008-2009
2010-2011

D7.

Water used for snowmaking for the five last seasons
Water volume (m3):
2013-2013
2013-2014
2014-2015
2015-2016
2016-2017

D8.

How do you asses the economic gain of snowmaking ? How much is it
?

D9.

Where do you think it’s possible to save money ?

Section E: Tools and service for snow management
E1.

Can you mention all the tools and/or services you use for snow
management? For each tool/service, what is his annual price ?
examples : snow height measurement, grooming management, snowmaking and/or snow production units management, etc.

Name of the tool/service:
Tool/service 1
Tool/service 2
Tool/service 3
Tool/service 4
Tool/service 5
Tool/service 6
Tool/service 7
Tool/service 8

Annual price of the tool/service (euros):
Tool/service 1
Tool/service 2
Tool/service 3
Tool/service 4
Tool/service 5
Tool/service 6
Tool/service 7
Tool/service 8

E2.

What is your annual total cost for snow managament's tools and
services (euros) ?

E3.

Regarding your current weather forecasting tool, what are the terms
provided ?
Day
Five days
Week

Ten days
Fifteen days
Month
Season
Other

Other

E4.

Which one is the most used ?
Day
Five days
Week
Ten days
Fifteen days
Month
Season
Other

Other

E5.

What are your expectations concerning the improvment of weather
forecast ?
1 - Unimportant 2 - Somewhat unimportant 3 - Neither important or unimportant 4 - Somewhat important 5 - Very important

1

2

3

Reliability
More accurate forecasts (space)
More accurate forecasts (time)

E6.

For each information, what level of certitude do you need to delay or
renounce to produce snow (%) ?
Forecast of natural snow
Forecast of a colder period
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Annex 2: examples of operating costs reduction by Snowsat - Kässbohrer and Leica Prinoth
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