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Abstract 
 
To be able to start the winter season in time for both ski resorts and other stakeholders in the winter 
business industry it has become necessary to produce artificial snow. The draw back with snow 
production is the need of cold weather. Sometimes snow is needed before the weather is cold 
enough for snowmaking in the autumn. Snow may also be desirable in the summer for special 
events. Storing snow from one winter to the other over the summer season has become a solution of 
increasing interest. 

This report summarizes how production of artificial snow generally is done, conditions of importance 
and existing equipment for snow production as well as environmental impacts associated with 
manufacturing of artificial snow. Seasonal storage of snow is also summarized and the factors 
affecting the melting rate. Some practical experiences are also given from places where snow has 
been stored during the summer. 

The results show that both natural and artificial snow has been stored successfully although storage 
of artificial snow is more common. Of utmost importance to reduce the melting rate is to have a thick 
enough insulating layer on the pile of snow which shall be stored. 

Future research is needed in order to evaluate the effectiveness of different insulating materials and 
parameters affecting the melting rate. Yet to be investigated are also the differences and 
advantages/disadvantages between storing artificial and natural snow, both out of an economic and 
environmental perspective but also in terms of the microstructural changes and the quality of the 
stored snow. 
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Preface 
 

This report is part of a research project where the aim is to study snow, methods to use snow in an 
effective way when the climate becomes warmer, how to ensure availability to a sufficient amount of 
snow when needed for actors in the winter business such as ski resorts, manufacturing of snow and 
storage of snow among other issues. Of importance are also economic and environmental aspects. 

The author wants to thank Dr. Tommy Edeskär, Luleå University of Technology, for support and 
guidance. Thanks also to Patrik Ädel, Orsa Grönklitt AB, for information about the snow storage in 
Orsa. 
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List of abbreviations 
 

Symbol  Quantity   Unit 

A  area   [m2] 

d  diameter   [m] 

D  diffusivity   [m2 s-1] 

h  heat transfer coefficient  [W m-2K-1] 

have  average heat transfer coefficient [W m-2K-1] 

hfg  specific melt enthalpy  [kJ kg-1] 

Hf  final enthalpy of a system  [kJ] 

ΔH  enthalpy change  [kJ] 

ka  thermal conductivity  [W·m−1·K−1] 

kc  mass transfer coefficient  [m s-1] 

l  length   [m] 

NRe  Reynold’s number  

NSc  Schmidt’s number  

NPr  Prandtl’s number  

qc  heat transfer rate due to convection [W] 

qm  heat transfer rate due to mass transfer [W] 

qground  heat transfer rate for snow on the ground [W] 

ρ  density   [kg m-3] 

T  temperature   [°C] 

v  volume flow   [m3 s-1] 

z  layer thickness  [m] 

 

 

  

http://en.wikipedia.org/wiki/Watt
http://en.wikipedia.org/wiki/Metre
http://en.wikipedia.org/wiki/Kelvin
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Introduction 
 
Research carried out by Swedish Regional Climate Modeling Program (SWECLIM) show that the 
annual mean temperature in Sweden is expected to rise by 3.8°C by 2100 (Koptyug et. al, 2006). The 
annual precipitation will also increase but most likely due to an increase in rain during the summer 
and autumn and not as snow fall during the winter. 

To be able to start the winter season in time for both ski resorts and other stakeholders in the winter 
business industry it has become necessary to produce artificial snow. The draw back with snow 
production is the need of cold weather. Sometimes snow is needed before the weather is cold 
enough for snowmaking in the autumn. Snow may also be desirable in the summer for special 
events. Storing snow from one winter to the other over the summer season has become a solution of 
increasing interest. 

Storage of snow for cross-country ski tracks has been practiced during the last years on some places 
in Sweden, e.g. Östersund. Snow is also stored for other purposes, such as snow cooling, where snow 
is used for cooling buildings in the summer. 

There are different methods to store snow and a number of parameters influencing the melt rate. 
This report summarizes current findings about snowmaking and snow storage. Results and 
experiences from some places where snow is being stored are also described. 
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1. The need of snow in winter business 
 

Winter tourism all around the world is highly sensitive to climate change. In the European Alps, a 
temperature increase of 1°C will cause the line of natural snow to rise 150 altitude meters (Stieger, 
Mayer, 2008). Moreover winter tourism is the most important source of income for many countries 
in the alp regions (Elasser, Bürki, 2002). The lack of snow lead to late openings for skiing resorts, 
cancellation of sport events on snow and failed incomes for hotels and others involved it the winter 
tourism business. 

The winter sports industry would benefit from being less dependent on meteorological conditions. 
The ski season needs to be assured which also is important in order to utilize the ski lifts with their 
high fixed costs in such a good way as possible from early autumn. The consequences of the climate 
change will hence make it necessary to produce artificial snow, especially at low elevation ski resorts, 
but in the future also for those at a higher altitude. 

The main applications of snowmaking equipment are however not used for ski slopes and cross-
country ski tracks but for other business where snow is needed (Koptyug et. al, 2006). Examples are 
tests for de-icing equipment used for aircraft, testing of winter tires and within the forest industry 
where snow are used to protect young trees from frostbites by putting snow around them and to 
preserve wood intact if saw mills get more timber than they are able to take care of in time. 

 

2. Artificial snow 
 

In contrast to natural snow where snowflakes are formed as a result of nucleation of tiny ice crystals 
in the clouds, artificial snow is made out of water droplets. The round grains give a structure which is 
close packed and more compact than for natural snow so the density of artificial snow is in general 
higher than for natural snow. Moreover artificial snow will resist wind, water and temperature 
changes better than natural snow and is more durable. In a crystallographically point of view artificial 
snow is already in an advanced state of metamorphism (Kuriowa, LaChapelle, 1973). 

Artificial snow has become more common both for alpine and cross-country skiing and is used more 
often to compensate for the lack of natural snow. It is also used to satisfy the growing demand on 
winter tourism (SLF, 2012). As examples 36% of the total ski slope area in Switzerland consists of 
artificial snow. In Austria the amount is about 60%. Some Italian ski resorts have 100% artificial snow. 

The higher density of artificial snow compared to natural snow imply that a lower snow depth is 
required in order to assure good skiing conditions (Stieger, Mayer, 2008). In order to make a good 
slope 20 cm of groomed artificial snow is required. An amount of 10 cm of artificial snow correspond 
to 40 cm of natural snow (Slao, 2012). 
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Sometimes artificial snow is used also when there is enough natural snow in order to for example 
prepare a slope for an alpine ski competition. Technically it is often easier to prepare a good 
competition surface by processing artificial than it is to work with natural snow (Kuriowa, LaChapelle, 
1973). Using artificial snow makes it also easier to provide equal and good conditions for the athletes 
at big sporting events. Another advantage with artificial snow is the ability to produce a lot of snow 
during a short period of time if the weather conditions are favorable. 

 

2.1 Production of artificial snow 
 

The ideal weather conditions for production of artificial snow are humidity lower than 80%, a 
temperature between -5°C and -15°C and a light breeze (Slao, 2012). The snow is produced in 
machines where water cooled to above its freezing point is pumped under high pressure through 
nozzles. There are different kinds of snow making machines, handling different amounts of air and 
operating in different ways. The two major type of snow making machines used today are the fan-
assisted machines, usually called snow guns and the high-pressure tower based ones which are called 
lances (Koptyug et. al, 2006). 

Compressed air or electric fans are used to atomize the water into fine droplets in the continuous air 
flow and to disperse them over a wide area. It is of importance to get the right combination of 
temperature and humidity in order for snow to form. Another important factor is to generate 
sufficient nucleation sites for ice crystals to form (Chen, Kevorkian, 1971). 

The air-water mixture will need enough time to float in the cold air before it drops down to the 
ground in order to form snow. If the droplets don’t freeze before hitting the ground the snow will be 
too wet. The higher above the ground the snow gun is placed, the longer time will the droplets have 
to cool and spread out before hitting the ground. Fan snow guns, figure 1, form snow in a pile 10-20 
meters from the barrel outlet which later has to be shoveled out to the places where it is supposed 
to be used. Lances, figure 2, can be moved around easier and the snow can be produced directly at 
the place where it is supposed to be used, for example around a cross-country ski track. The lance 
can be as high as 10 meters above the ground and the injected water will nucleate and fall to the 
ground by its own weight, i.e. no fan is needed to blow out the snow. 

Artificial snow is humid and it is therefore usually suggested to leave it to dry for at least one day 
before it is treated by for example a grooming machine, otherwise the ski tracks or slopes may 
become hard and icy. 

Currently the way to handle the warmer winters is to increase the capacity of snowmaking (Stieger, 
Mayer, 2008). It is expected that the technology for snowmaking will be improved, but the big 
problem is how the ski resorts shall face the rising costs of snowmaking. The important question is 
therefore whether it in the future is possible to produce enough snow at an acceptable cost. The 
production capacity for a big artificial snow system is about 1500 m3/h which corresponds to a water 
consumption of approximately 10 000 l/min (www.slao.se). Today the cost for producing 1 m3 of 
artificial snow is between 1 and 5 SEK, assuming free access of water. 
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2.2 Conditions of importance for snowmaking 
 

Conditions of importance for snowmaking are seeding, air humidity and temperature, wind velocity 
and super cooling. Experiments have shown that small adjustments during manufacturing influence 
the production of snow (Chen, Kevorkian, 1971). With the proper size of droplets and cold enough air 
temperature snow is still not formed unless the water droplets are seeded, which can be done using 
several different techniques. 

Seeding means that nucleation sites are generated. Nucleation sites can be water molecules that 
coalesce alone, ions of for example Ca2+ or Mg2+ or impurities like clay particles or organic matter. If 
the temperature is not low enough (<5°C) seeded materials are added to the water. Seeding can also 
be done by a stream of compressed moist air directed against the water jet. It will cause the 
moisture content in the expanded air to freeze into tiny ice particles which act as seeds. For seeding 
with ice crystals to be effective the water has to be super cooled at the point of seeding. 

Super cooling occurs when the temperature of a liquid or a gas is lowered below its freezing point 
without becoming solid. If the water is above its freezing point the seeds will melt as they come into 
contact with the water droplets. When a water droplets super cools its temperature drops below 0°C 
before solidification takes place. The vapor pressure lowers and the heat transfer rate decreases. The 
droplet may then only partially freeze before it hits the ground and will then freeze to ice on the 
ground by conductive heat transfer.  

The size of the water droplets is also of importance for snow manufacturing. Too small droplets may 
be transferred away by the wind and too big droplets may not freeze before they hit the ground. 
Calculations where the relative velocity of the water droplets and the atmosphere for typical snow 
making conditions have been taken into account shows that the optimal droplet size is between 200 
and 700 μm. Such droplets will freeze in less than 15 s. 

 

2.3 Heat and mass transfer during snow production 
 

The important thing when producing snow is that the process of forming snow is completed within 
the residence time for the water droplet in the ambient air to transfer heat of fusion by both heat 
and mass transfer (Chen, Kevorkian, 1971). If the weather is warm and the air humidity is low 
combined with a high wind velocity snow may be manufactured. Without wind even if the 
temperature is low, snow may not be formed. The wind is needed in order for the cold air to be 
removed. Otherwise the water may heat the still ambient air to the freezing point halting the heat 
transfer of the water droplets before the solidification could be completed. 

Air reaching a snow gun at a temperature of around 0°C and a pressure of 7 bars will expand to sonic 
velocity at the nozzle throat. The air temperature at the throat will then be -45°C. The maximum 
amount of heat that can be absorbed by the expanded air is only about 1% of the amount to be 
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removed. The compressed air is therefore not used to absorb the heat fusion directly but to promote 
heat transfer from the water droplets to the cold ambient air. 

During the snow making process heat transfer occurs either by convection or evaporation of water.  

The heat transfer rate due to convection, qc, is given by: 

ThqC ∆=       (1) 

where h is the heat transfer coefficient and ΔT the temperature difference. The heat transfer 
coefficient can be calculated as: 





 += 534.03/2

PrRe )(
2
10.2)/( NNdkh a     (2) 

where ka is the thermal conductivity of air, d the diameter of the droplet and NRe and NPr Reynold’s 
number and Pradtl’s number respectively. 

The heat transfer rate due to mass transfer is given by: 

HHkq fcm ∆=  

where kc is the mass transfer coefficient given by: 





 += 534.03/2

Re )(
2
10.2)/( Scc NNdDk     (3) 

D is the diffusivity of water vapor in air and NSc is Schmidt’s number. 

Heat transfer through mass transfer dominates at temperatures above -7°C while heat transfer 
through convection becomes increasingly important as the temperature falls below -7°C. 

 

2.4 Snowmaking machines 
 

There are several different snowmaking machines on the market. A search on the web on artificial 
snowmaking gives several results on patents regarding different snowmaking apparatus, methods for 
making artificial snow and artificial snow systems. This indicates that the question is of importance 
and that there is a big interest in snow production. Both new machines and other tools are being 
developed for more efficient snow making with an as low energy consumption as possible. 

A new nozzle has for example been developed in Switzerland which both reduces the energy 
consumption by as much as 50% and produces better quality snow at temperatures just below 
freezing point (Slf, 2012). 
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There are three different general types of nozzles on the market which function in different ways. 
Those are internal-mixing convergent nozzles, external-mixing convergent nozzles and external-
mixing cross-flow nozzles (Chen, Kevorkian, 1971). The most popular at ski resorts is the internal-
mixing convergent nozzle. In such a nozzle the air and water are supply pressures and the air-water 
ratio is varied by altering the supply pressure of either stream. When making snow usually a low air-
water ratio and low pressure is used to start with in order to get a layer of wet snow on the ground 
as a good base. The air-water ratio is then increased in order to get powder like, dry snow. By 
increasing the pressure adjustments of the droplet size can be made. Higher pressure will form 
smaller water droplets which more easily freeze, creating drier snow of higher quality. 

In an external-mixing nozzle the air can be supplied either to the inner nozzle and the water to the 
outer nozzle or vice versa after which the two streams are mixed in the open atmosphere. High 
pressures and high air/water rations will create drier snow. 

Compared to external-mixing concentric nozzles dry snow can be made at lower pressures at the 
same air/water ratio by using external-mixing cross-flow nozzles, if the air/water ratio is high enough. 
Thus the range of operation is wider for the external-mixing cross-flow nozzles. The expanding air act 
to reduce the size of the water droplets. Very high snow-making rates can be attained if the proper 
air-water ratio is maintained. The limitation of the snow making rate, beside the capacity of the air 
compressor, is determined by the ability of the ambient air to absorb the heat of fusion. Since the 
flow rates of air and water may be varied independently it is easier to control this nozzle than the 
internal-mixing nozzle. 

As the weather changes adjustments needs to be done on the snow making machines in order to get 
the right quality on the snow, it shouldn’t be too dry and not too wet. Modern snow making 
machines have some automatic control but still some manual adjustment is necessary in order to get 
the desired quality of the snow. 

 

 

              Figure 1; Snow gun (Snowtech, 2012)       Figure 2; Lance (Dalademokraten, 2011) 
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2.5 Environmental impact 

 

Snowmaking consumes a lot of water and energy. In Davos for example an annual volume of about 
600 000 m3 of water is consumed for snowmaking which corresponds to about 21.5% of the entire 
water consumption in the Davos region (Slf, 2012). Further development of snowmaking tools and 
improved techniques could reduce the energy consumption. However it is not only the artificial 
snowmaking which affects the environment, but also ground work to prepare for slopes which may 
destroy vegetation and soil stability. 

Quite few investigations have been done on the environmental impacts of snowmaking. A study on 
how the heat balance in the soils is changed by using artificial snow instead of natural snow shows 
that the artificial snow will generate a prolonged snow cover which may influence the vegetation 
(Rixen et. al, 2004). Soil frost will also occur less frequently on pistes with artificial snow since the 
insulation is greater due to the more compact snow and higher snow depth. 

The nucleating agents used as seeding may also have a harmful effect on the environment. 
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3. Seasonal storage of snow 
 

To store snow and ice is an old technique which was common for food storage applications before 
the cooling machines were developed in the beginning of the 20th century. Nowadays snow and ice 
are stored at several places in the world and used for cooling purposes during the summer. One 
example is the hospital in Sundsvall which utilizes snow from the winter to produce cold in the 
summer (Skogsberg, Nordell, 2007). 

Storage of snow from one winter and during the summer months can be done indoors in cold storage 
halls, in open ponds or pits and underground (Skogsberg, 2005). When the snow is stored on the 
ground some kind of thermal insulation is necessary. Storing snow underground or in a cavern will 
not require any further insulation.  

An enhanced interest in storing snow is observed as the demand on winter activities early in the 
season increases in combination with the warmer climate. The importance of being able to 
guarantee opening days at for example ski areas, buildings made of snow, art work etc. makes 
storage of snow required. 

Storing snow for cross-country ski tracks has been done for some years on different places, e.g. in 
Östersund, Högbo, Orsa and Vuokatti in Finland. Most common is to shovel up a pile of snow which 
then is covered with bark, saw dust or wood chips during the summer. It is then possible to start the 
skiing season even when it is not yet cold enough to produce artificial snow. 

Techniques to store snow during the summer needs to be improved as well as knowledge about 
different insulating materials. The most suitable technique for storage of snow depends both on the 
purpose for which the snow is intended to be used, climate parameters such as the length of the 
summer period at the location in question, temperature, precipitation, the available amount of snow 
to be stored, storage possibilities etc. 

 

3.1 Factors affecting the melting rate 
 

Natural snow melting can be divided into surface melt, rain melt and ground melt (Skogsberg, 2005). 
The largest losses when storing snow is that constituting from surface melt also when the pile of 
snow is covered to reduce the melt rate. Rain does not affect the snow melt to any great extent since 
the latent heat of snow is big compared to the sensible heat for water. Ground melt is also of minor 
importance. 

There are some main factors which affect the melt and evaporation rates of stored snow. These 
factors are the thickness of the insulating layer, wind velocity, light intensity, air temperature and 
absolute air humidity. Complimentary factors are the moisture content in the insulating layer, 
evaporation and solar reflectivity. 
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The surface melt rate is influenced by all the main factors. Experiments with cutter shavings as 
insulating material have shown that an increase of any of those factors will increase the melt rate 
independently of the values of the other factors (Skogsberg, Lundberg, 2005). Since increased wind 
velocity increased the melt rate the net heat transfer goes from air to snow and not from the cutter 
shavings to the air. Increased air humidity also increased the melt rate due to decreased evaporation 
rate. 

The insulation depends on the heat conductivity, water transport capacity, evaporation capacity, 
absorptivity and relative surface area of the material covering the snow. Cutter shavings are 
therefore considered favorable since the surface area is large and the structure gives space for air. 
On the other hand saw dust is favorable since it is denser, which will decrease the convective heat 
transfer. However result from one study of two piles of snow showed that the melt rate was similar 
when using 0.1 m of cutter shavings and 0.2 m of saw dust. Bark is assumed to be a less effective 
insulating material since it is darker, more compact and has poorer water transporting qualities. 
However the most important is that the thickness of the layer is enough whatever insulating material 
which is chosen. 

There are also other natural materials which can be chosen as insulating materials, like straw, rice 
shell, etc. but there may also be alternatives to the natural materials. Plastic thermal insulation will 
not allow any cooling effect from evaporation but on the other hand the heat conductivity will be 
lower and it could also be possible to choose a material with reflective surface. This may not be the 
most economically favorable alternative though. 

 

3.2 Insulation materials for snow storage 
 
Common materials used as thermal insulation are cutter shavings, wood chips, bark, saw dust, rice 
shells, debris etc. How effective the insulating material is depends on the thermal conductivity where 
parameters such as structure, compaction and moisture content affect the value. Sometimes also 
plastic sheets are used to further protect the snow. 

Experiments with different materials have shown that wood chips are the best investigated 
alternative to protect the snow against heat and solar radiation (Skogsberg, 2005). The thickness of 
the layer of wood chips should be at least 10-20 cm. Wood chips absorb both part of the melt water 
and precipitation which further increase the insulation effect. Another advantage with wood chips is 
that substances hazardous to the environment which may be present in the snow also will be 
absorbed when the wood chips come into contact with the melt water. 

 

3.3 Heat and mass transfer 
Storing snow at a temperature above 0°C will always result in some heat leakage (Skogsberg, Nordell, 
2007). However the thermal insulation layer covering the pile of snow will protect it against heat in 
terms of radiation, wind, humidity, precipitation etc. 
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The heat and mass transfer through a layer of insulation material is illustrated in figure 3. 

 

 

Figure 3; Principle of heat and mass transfer through 
a layer of wood chips on snow (Skogsberg, Lundberg, 2005). 

 

Most of the melt water percolates downwards through the snow but some of it is transported 
upwards through the insulating layer due to capillary forces and evaporation (Skogsberg, 2005). 
Condensation may also take place in the layer. The melt rate decreases when water is evaporated 
since evaporation requires energy and cools the insulating layer. The latent heat of vaporization is 
about 7.5 times greater than the latent heat of fusion. Hence the melt rate is significantly reduced 
also at minor evaporation rates. 

At the surface, radiation exchanges occur both in terms of short wave and long wave radiation. Solar 
radiation constitutes the short wave radiation and contributes much more to the melt rate than the 
long wave or heat radiation. 

The convective heat and mass transfer through the insulating layer is dependent on temperature, 
humidity, wind velocity and the properties of the insulating material. 

The most physically correct approach of modeling snow melt is through energy budget and to 
determine all parameters and processes associated with heat sources from groundwater, rain, sun, 
sky radiation and air (Skogsberg, Nordell, 2000). This is complicated and therefore simplified models 
can be used by dividing the melt into only three parts, from ground, from rain and from the 
surroundings. 

The heat transfer rate for snow on the ground can be calculated as: 

𝑞𝑔𝑟𝑜𝑢𝑛𝑑 = ℎ𝑔𝑟𝑜𝑢𝑛𝑑𝐴𝑔𝑟𝑜𝑢𝑛𝑑
∆𝑇
𝑙

    (4) 

where hground is the heat transfer coefficient for the ground material, A the area of the pile of snow 
towards the ground, ΔT the temperature difference between the ground surface and a distance l 
down in the ground (Skogsberg, 2005). 

The volume flow of snow with respect to the heat from the ground can then be calculated as: 
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𝑣= 
𝑞𝑔𝑟𝑜𝑢𝑛𝑑
ℎ𝑓𝑔𝜌𝑠𝑛𝑜𝑤

      (5) 

where hfg is the melt enthalpy for water. 

Rain is often thought of as a parameter with a great influence on the snowmelt which actually not is 
the fact. The big latent heat of snow compared to the sensible heat for water is the explanation why 
rain does not cause the major snowmelt (Skogsberg, Lundberg, 2005). If the temperature is +10°C 
and 8 mm rain will fall, only 1 mm of snow will melt. 

The volume flow of snow with respect to the temperature difference between the snow and the air 
or the surroundings can be calculated as: 

𝑣 =   
ℎ𝑎𝑣𝑒𝐴𝑝𝑖𝑙𝑒

∆𝑇𝑝𝑖𝑙𝑒
∆𝑧

ℎ𝑓𝑔𝜌𝑠𝑛𝑜𝑤
     (6) 

where have is an average value of the heat transfer coefficient for water and the cover material (saw 
dust, bark etc.), Apile the surface area of the pile of snow, ΔTpile the temperature difference between 
the air surrounding the pile and the surface temperature of the snow layer, Δz the thickness of the 
isolating material and ρsnow the density of the snow. 
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4. Practical examples and experiences with snow storage 
for cross-country ski tracks 

 

There are several places around the world where snow is stored over the season to be used for 
making cross-country ski tracks early in the season. Some of the places and their methods and 
experiences are listed below. 

 

4.1 Vuokatti 
Vuokatti in northern Finland is one place which for several years been a popular destination for 
professional skiers early in the season. The first ski tunnel in the world was built in Vuokatti in 1997 
(Vuokattisport, 2012). At first it was also used for automotive testing but is now only used for skiing. 
The tunnel is 1.2 km long and open for skiing between May and December. In the tunnel there is a 
snow making system which consists of high-pressure snow guns that replenish the trail’s surface 
when required. 

In addition to the tunnel, outdoor ski tracks are guaranteed from the 10th of October each year. In 
order to ensure outdoor skiing conditions that early a snow depot of 20 000 – 25 000 m3 is produced 
in March every year, figure 4. The pile of snow is covered with sawdust and tarpaulin, a waterproof 
canvas, resulting in an insignificant reduction during the summer. 

When the weather gets cold in the autumn artificial snow is produced to extend the ski track. The 
snow making system used in Vuokatti consists of 5-7 snow guns. There is also a water cooling system 
which makes it possible to make snow already at temperatures around -2°C. 

 

Figure 4; Ski track and snow depot in Vuokatti (Photo: Nina Lintzén). 
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4.2 Orsa 
Orsa Grönklitt in Dalarna is storing snow in order to be able to open the ski tracks early in the season. 
About 5000m3 of artificial snow is produced every year in January and February (Ädel, 2012). The 
snow is stored in an open excavated ridge and covered with a layer of bark with thickness 40-50 cm. 
When the snow is put out in November it is enough for an approximately 1.5 km long ski track. 

 

4.3 Piteå 
Two piles of snow were stored in Piteå during the summer 2012 (Lintzén, 2012). One pile of snow 
was stored between April and August, when it was used for a cross-country ski sprint competition. 
The initial volume of the pile of snow including an about 50 cm thick layer of bark was 935 m3. About 
200 m3 melted before the snow was used. 

The other pile consisted of about 2400 m3 of snow in April, figure 5. About 1700 m3 were left in the 
end of October. The pile was covered with an approximately 50 cm thick layer of bark, so the actual 
volume of the remaining snow was about 1340 m3, i.e. about 660 m3 of snow melted during a period 
of 6 months. 

 

Figure 5; Snow storage at Vallsberget in Piteå (Photo: Jan Jonsson) 

 

4.3 Östersund 

An investigation was made in 2006 in order to analyze different methods to ensure the snow supply 
for pre-season ski training and for big sport events and events for winter sports (Projekt Tidig och 
Säker snö). The conclusions from the investigation was that storage of snow should be made, neither 
a ski tunnel nor cold tracks were considered worth an investment due to the high cost and also that 
cold tracks in practice not always have been very successful. 
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Between January and March 2006 two piles of artificial snow with a total volume of 20 000 m3 were 
produced in Östersund. They were stored underneath a layer of 70-80 cm of saw dust. 60% of the 
snow were left in November and used during the world cup competitions in biathlon, 30% of the 
snow had melted and 10% had turned into ice near the ground. 

For pre-season ski training from the 1st of November it is recommended to put out snow of a depth 
of 0.6 m on a 6m wide and 3 km long track. For this a volume of 12 000 m3 is needed. 
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