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Abstract 
 

Snow is annually stored at different places both for cooling purposes and for ski tracks etc. However 
few scientific studies have been made regarding snow storage and the work is generally done based 
on knowledge by experience. 

Two piles of snow were stored in Piteå from mid-April and during the summer 2012. One pile was 
stored until the beginning of August when a cross-country ski sprint competition was held during the 
exhibition Noliamässan. The other pile of snow was stored in order to guarantee an early start of the 
winter season in November and to organize a ski sprint competition, BDX, sprinten, connected to the 
opening of the ski track. 

This study describes the method used in Piteå for storing snow. The results showed that a pile of 
snow initially consisting of approximately 900 m3 of snow decreased in volume by ca. 20% between 
May and August. A pile of snow initially consisting of approximately 2000 m3 of snow decreased in 
volume by approximately 30% between May and October. The remaining volumes were as expected 
enough to prepare ski tracks of good quality. 

Future studies are needed in order to further investigate parameters affecting snow melting, the 
microstructure and metamorphism of snow, environmental impacts, economic issues associated with 
the storage etc. 
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Introduction 
Snow is stored during the summer months at different places and for different purposes, for example 
to be able to guarantee early starts of the skiing season or for remote cooling. 

In Piteå snow has been stored under a layer of bark during the summer 2012 for skiing purpose. On 
pile of snow was placed near the city Centre, at Nolia and one pile was places on Lindbäcksstadion at 
Vallsberget. 

The aim with the snow pile at Nolia was to organize a cross-country ski sprint competition during the 
exhibition Noliamässan in August. The aim with the snow storage at Lindbäcksstadion was to use the 
snow for a guaranteed early start of the skiing season on the 1st of November and a ski sprint 
competition was also organized on the 31st of October 2012. 

The volume of both piles of snow were measured in May and just before the snow was being 
recovered from the pile to get a knowledge of how much snow which had melted. Climate data were 
also recorded during the snow storage period at both locations. 

Few scientific studies have been made regarding snow storage and many improvements are yet to be 
done. For future studies further investigations and experiments aiming to reduce snow melting, 
environmental impacts and economic issues associated with the storage of snow are recommended. 
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1. Snow storage 
Two different piles of coarse grained snow were constructed in Piteå during mid-April 2012. One of 
the piles was located near Nolia in the central part of Piteå, figure 1 and one pile was located at the 
ski stadium Lindbäcksstadion near Vallsberget, figure 2. 

The pile at Nolia consisted of natural snow which had been collected from nearby parking lots and 
free spaces. The pile was covered with an about 50 cm thick layer of bark and then a plastic cover 
was put on top to protect the snow from rain.  

 

Figure 1; Location of the snow pile at Nolia 

The pile at Lindbäcksstadion consisted of snow which with a grooming machine was shoveled down 
from the alpine ski slope when that was closed for the season. This snow was a mix of artificial snow 
produced early in the season and natural snow from the winter. The pile of snow was first covered 
with a wire cloth in order to separate the bark on top from the snow. A layer of bark was then put on 
with a thickness of 50-70 cm. A plastic cover was then placed on top of and tubes were then put 
under the plastic cover in order for air to circulate. 

 

Figure 2; Location of the snow pile at Lindbäcksstadion 
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2. Measurements 
 

2.1 Climate data 
Weather stations consisting of a transmitter and a receiver were place both on the pile at Nolia and 
at Vallsberget on the 23rd of June in order to register climate data. Temperature, humidity, wind 
velocity, precipitation and air pressure has been registered every 4th hour. The transmitter was 
placed in the layer of bark on the pile at Nolia, approximately 2 m above ground. At Lindbäcksstadion 
the transmitter was placed approximately 1.5 m above ground in the central part of the ski stadium. 

 

2.2 Volume measurements of the piles in May 
The volume of both piles was measured using a position instrument called Topcon GR-S1, a handheld 
computer with built in receiver and a PG-A1 antenna, a so called network RTK equipment or a 
differential GPS. The instrument is used for relative measurements which mean that the instrument 
will get both positions directly from a satellite and corrections from a base station located at a known 
position. Those base stations, called Swepos, belong to the land surveying “Lantmäteriet” which has 
a network of base stations at several places in Sweden. The data received from the measurements 
was the analyzed. 

 

2.3 Bark layer 
Samples of bark were taken out from the pile at Nolia on the 31st of July to study the density and the 
water content. 

3. Results 
 

3.1 Climate data 
The average daily temperature for both weather stations was calculated, i.e. the daily average is a 
value consisting of the mean of the six measurements recorded every 4th hour. The average daily 
temperature between the 23rd of June and the 31th of July was 17.5°C at the pile located at Nolia. 

The average temperatures at Lindbäcksstadion during the months of storage are shown in figure 3. 
The value for June is calculated between the 23rd and the 30th. 
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Figure 3; Average daily temperature at Lindbäcksstadion. 

 

During some days from mid-October the daily average fell below freezing point. The index 
determined for air temperatures measured at 1.5 m above ground is commonly designated as the air 
freezing index, Iaf or air thawing index, Iat (Andersland, Ladyni, 2004). The indexes are measures of 
the combined duration of below-freezing and above-thawing temperatures and can be calculated as: 

𝐼 = ∫|𝑇|𝑑𝑡      (1) 

where I is either the freezing or the thawing index, T the temperature and t the time. 

The freezing index for October, the first month with some days below freezing pint, was calculated 
and the value was approximately 43°C days. The thawing index for October was approximately      
85°C days. 

 

The average daily temperature for all days of measurement at Lindbäcksstadion in October is shown 
in figure 4. 
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Figure 4; Average daily temperature in October, Lindbäcksstadion. 

Unfortunately the cable attached to the precipitation logger was cut off for the climate station 
located at Nolia so no reliable data for the precipitation can be presented. There was also some 
problem with the transmitter logging the precipitation measurements at Lindbäcksstadion so neither 
those results seem to be reliable. 

 

3.2 Volume measurements 
 

3.2.1 Lindbäcksstadion, Vallsberget 
The circumference of the snow pile was first measured followed by measurements in sections across 
the pile as shown in figure 5. 

 

 

Figure 5: Points of measurements at Vallsberget 
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Using a computer program a model was first established for the surface of the pile and then the 
volume was calculated. The results show that the volume at Vallsberget was about 2419 m3 on the 
15th of May. The layer of bark is included in this volume. 

A new measurement was done on the 26th of October. The volume including the layer of bark was 
then 1716 m3. Assuming that the layer of bark is 50 cm, the remaining volume of the snow was about 
1340 m3. Hence about 30% of the volume melted during the 6 month long period of storage. 

 

3.2.2 Nolia 
Since the pile at Nolia was located close to a wall, figure 6, the measurements became more difficult. 
Points for measuring the circumference was not possible to get along the wall, but one point was 
taken at both end positions at that side. The sections were measured across the pile of snow similar 
to the measurements at Vallsberget. The points of measurements are shown in figure 7. 

 

 

Figure 6: Snow pile against a wall at Nolia. 
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Figure 7: Points of measurements at Nolia. 

 

Figure 9 and 10 show models of the pile at Nolia on the 15th of May, the day for the first 
measurement and on the 19th of July, the day for the second measurement. The top surface is green 
and the blue fields correspond to the bottom of the surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Terrain model of snow pile at Nolia,  Figure 9: Terrain model of snow pile at Nolia,  
15th of May.    19th of July. 
 

The results showed that the volume including bark at Nolia was 935 m3 on the 15th of May. The snow 
pile located at Nolia was uncovered on the 3rd of August and used for a cross-country ski sprint 
competition on the 4th of August. 

The second measurement of the volume of the pile performed on the 19th of July showed that the 
volume including bark was about 735 m3. Hence about 20 % of the volume melted during the 
approximately two months of storage. 
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3.3 Bark layer 
The values of the water content and density of the bark layer will change due to rain and weather 
conditions. The temperature was +25°C and it was sunshine when the samples were taken out so the 
bark layer was very dry. The dry density was between 150 – 180 kg/m3. The density before drying 
(105°C for 24 hours) was between 270 - 470 kg/m3. The layer was approximately 50 cm thick. From a 
depth of 25 cm and to the bottom at 50 cm depth, the water quotient was about 2 % . The water 
quotient of the top layer located above the plastic cover had a water quotient of 1%. The 
temperature of the bark was around 12-16°C on 25-50 cm depth compared to 30°C at the surface 
layer. 

 

4. Sparbanken Nord Cross country ski sprint competition 
 
The snow which was stored at Nolia was enough for an approximately 400 m long ski track (figure 10) 
which was used for the ski competition. The snow was shoveled out and the track was groomed and 
prepared during the night before the competition. Salt was spread out by hand in order to further 
improve the quality of the track. 

 

 

Figure 10: Ski track at Nolia on the 4th of August. 

 
The competition was a very successful event. The quality of the track was excellent. Although the 
weather was between 15-20°C the track was still good enough for snow mobile driving the following 
day. 
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5. Discussion and Conclusions 
The volume of the pile of snow at Nolia decreased with about 20% during the period between the 
15th of May and the 19th of July. The volume of the pile of snow at Vallsberget decreased with about 
30% during the period between the 15th of May and the 26th of October. Since the pile of snow at 
Vallsberget was larger, the amount of cold in that pile was also larger. The loss in percent during an 
equally long period of time would hence most likely have been smaller for the bigger pile of snow. 
The snow at Vallsberget was a mix of natural and artificial snow which also might have affected the 
melt rate. Figure 11 shows a bar chart with the amount of snow at Lindbäcksstaion and at Nolia. The 
total height of the bars corresponds to the initial volume at each location. The red color corresponds 
to the volume which melted and the blue color to the remaining volume of snow. 

 

 

Figure 11; Volume of snow at Lindbäcksstadion and at Nolia.  
Red colour corresponds to the volume which melted and  
blue colour to the remaining volume of snow. 

 

Both piles of snow were covered with a plastic covers in order to protect the snow from rain. 
Previous studies have shown that rain does not affect the melt rate to any great extent since the 
latent heat of snow is big compared to the sensible heat for water (Skogsberg, 2000). For future 
studies it is of interest to study the melt rate for equally large piles of snow which are similarly 
covered with bark, but with and without a plastic cover to see if the plastic cover will reduce the melt 
rate or if it makes the air close to the surface warmer and hence instead increase the melt rate. 

The main factors influencing the melt and evaporation rates of stored snow are the thickness of the 
insulating layer, wind velocity, light intensity, air temperature and absolute air humidity (Skogsberg, 
2005). Complimentary factors are the moisture content in the insulating layer, reduced evaporation 
and solar reflectivity. There are different materials which can be used to cover the snow, some which 
are more efficient than others. For future studies it is hence of interest to study different insulating 
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materials. However the most important is that the thickness of the layer is enough whatever 
insulating material that is chosen.  

Since the geometry of the pile of snow is of importance for the snow melting, also the shape of the 
pile should be taken into consideration when preparing snow piles for storage, i.e. the surface area 
should be as small as possible. 

How the melt rate is affected by the volume of snow is also of interest in future investigations.  

Another issue for future research is the difference between storing natural snow and artificial snow, 
which is more common for purposes when the aim is to have an early start of the ski season. If 
natural snow can be used with a good result, the cost for producing artificial snow can be eliminated. 

Both piles of snow stored in Piteå for skiing purposes have been successful. It shows that snow 
storage is an opportunity to perform winter activities both in the summer and for an earlier start of 
the winter season in the autumn. 
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