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1. Introduction 

In this paper we summarize our efforts to characterize snow properties at three locations: above tree line (2300 

m.a.s.l.), open field at the bottom of the valley (1780 m.a.s.l.) and in the forest situated next to the open field site. 

The measurements were made during the 2ed Winter Snow School in Preda 14-20.02.2016. Alongside the 

“traditional methods”, involving snow pits measurements and manual snow grain classification, more modern 

methods were used. Specific surface area (SSA) of the snow in the layers was measured with infrared laser 

scattering techniques implemented in “Ice Cube” and IRIS instruments. Snow strength and layering on a larger 

scale was measured with Snow MicroPen (SMP). The sample taken from the open field was analyzed with X-ray 

tomography in cold laboratory of Institut für Schnee- und Lawinenforschung SLF in Davos. The information 

gathered was interpreted in the context of the specific site. In addition, a model study was conducted using the 

SNOWPACK model [1,2,3] with data from the nearest reference station.  

 In the following section we present the methodology and the instrumentation. Subsequently the results 

grouped accordingly to the location sites are presented (Above tree line, Open field and Forest site). Finally the 

discussions and conclusions are presented.  

2. Instrumentation 

In the presented study the snow pit measurements were the most basic technique to evaluate the snow structure, 

layering and density.  Once the snow pit was dug the snow layering and temperatures were noted, density profiles 

were made, together with visual classification of the grains. Before the destructive part of the measurement 

commenced the photographic documentation of the site was made. Apart from the conventional photography also 

an infrared picture was taken for further processing. [4] 
 In addition to the traditional snow pit measurements, snow samples were taken to evaluate the snow 

specific surface area (SSA). The measurement was done with the “IceCube” instrument, which harnesses the 

concept of integrating sphere to measure the amount of infrared radiation emitted by the laser and scattered by the 

snow sample. The result can be read as voltage on the detector-diode. Before and after each measurement series, 

a calibration on well defined target is done. Most widely used material is the so-called Spectrolon, a fluoropolimer 

made into calibration samples of six pre-defined reflectivities, which defines the tie points for the calculation of 

the SSA from the voltages. [5] 
 The snow micropenetrator (MicroPen) is one of the cutting edge tools that we used during the Snow 

School. This portable instrument allows for the fast profiling of the snowpack strength. It consists of the data 

logging-steering panel and the penetrating rod propelled by an electric motor. The essential part of the instrument 

is the penetrating tip-head of 2 mm in size, situated at the very end of the rod. It is capable of measuring the 

ramming force with micro newton accuracy. The resistance force profiles can be compared with the nearest snow 

pit profiles data for calibration, thus providing a proxy for the layering in the surrounding area without a need of 

time consuming digging. [6] 
 Computer X-ray tomography is a technique widely used in medicine and material science. It allows for 

3D imaging of the medium by image reconstruction from parallel 2D slices, which characterize the attenuation of 

the X-rays at the specific depth. In our study we had an opportunity to use the X-ray tomograph in cold laboratory 
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of Institut für Schnee- und Lawinenforschung SLF in Davos. Thanks to this nondestructive technique a snow 

density, grain size and SSA can be calculated. [7] 

3. Field site description 

Fig. 1 shows the three locations where the measurements were taken: above tree line site, the open field site and 

the forest site. The above the tree site location was located on the western slope of the mountain overlooking valley 

with Preda. On the site two transects A and B were made. Subsequently, three snow pits were dug along transect 

A. The Eastern faces of the snow pits were registered with infrared photography. Snow MicroPen measurements 

were taken along a transect between the two bottom snow pits (pit 3 and pit 2). 

 The open site was located at the bottom of the valley approximately 0.5 km west from the Preda train 

station. Snow thickness measurements were taken along transects A and B every 2.5m. Those measurements 

showed that snow cover in the studied region was homogenous 70±1 cm. A large snow sample was taken for the 

laboratory analysis (see next subsection) from the Pit 1, after samples from different layers were taken in order to 

measure their densities and SSA with the IceCube instrument. Upward and downward shortwave flux 

measurements were made in the vicinity of the Pit 2. Those measurements served for the evaluation of the spectral 

albedo of the snow in the visible part of the spectrum. 

 The Forest site was situated 200m west from the Open field site.  Four straight transects with snow depth 

measurements were taken. As shown on the site sketch; 1-a/b in the forest, 2, 3 in the transition zone to the open 

area. In addition to that a circular snow depth sampling (4) was carried out around a spruce (Picea abies), a 

representative tree type in this forest. This particular tree was in the center of our study.  It was approximately 13 

m tall and clearly influencing the snow accumulation pattern in its vicinity.  A trench 5 m long stretching from the 

free trunk outwards (marked in blue) was dug. Along its face snow samples were taken for the density and SSA 

analysis, in a similar way as in the Open field site. Parallel to the trench line SnowMicroPen measurements were 

taken every 0.25 m. 

 

     

 
  

(a) (b) (c) 

 

Fig. 1. Overview of the site locations with the locations of the snow pits (in blue) and transects (in grey and red):  

(a) above tree line, (b) open field and (c) forest area 

4. Results 

4.1 Above tree line 

At the field site above the tree line the depth of the snowpack was measured over a distance of 80 meters. The 

results of the two transects which were 10 meters apart is shown in Fig. 2. The variation along the transects is high 

with snow depths varying from 20 till 85 cm. Next to one of the transects three snow pits were dug where the snow 

was analyzed, starting about halfway along the transect where the snow depth was lowest.   
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Fig. 2. Snowdepth along the transects 

 

 

  

 

 

 

 

 

 

Fig. 3. Snow profiles and infrared images of snow pit 1 (top) and 3 (bottom) at the above tree line field site  
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Fig. 3 shows the snow profiles and photos taken with the infrared camera of snow pit 1 and 3 of the field site above 

the tree line. In both snow pits a top layer of decomposing and fragmented particles of around 10 cm and a depth 

hoar layer of around 17 cm were found. In snow pit 1 the top layer was followed by a 25 cm thick layer with 

rounded grains, a 5 cm thick layer with melt forms and a bottom depth hoar layer of around 17 cm, whereas in 

snow pit 3 a much smaller layer with rounded grains was followed by faceted crystals, melt forms and rounding 

faceted particles before reaching the depth hoar layer.  

The density calculated based on SMP measurements done along the transect between snowpit 2 and 3 at 

the field site above the tree line (indicated with an orange line in Fig. 1) are compared in Fig. 4 with the manual 

density measurements done in the snow pit 2 and 3. The measured density with the density cutters ranges from 

100 till 400 kg/m3. In the top layers the results correspond well. At lower layers a higher spread in the data can 

be found. The data shows no clear transition in density from snow pit 2 to 3.  

 
Fig. 4. Density calculated based on SMP measurements compared with density cutter measurements  

 

Based on meteorological data from station Ela Tschitta and field specific parameters a prediction of the grain 

shape and density distribution is made for 17-02-2016. The station Ela Tschitta is located at 46°35'29.0"N 

9°42'53.0"E at an altitude of 2725 m. Fig. 5 and Fig. 6 show the grain shape and density profile calculated with 

SNOWPACK. The predicted height of the snowpack is 85 cm which is higher than was observed in the field. 

When comparing the observations done in the snow pits at the field site above the tree line to the SNOWPACK 

results one notices that while the predicted top and bottom layer are similar to what was measured in the field, 

the predicted profile contains more rounded and faceted crystals than was observed in the field.  
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Fig. 5. Grain shape calculated with SNOWPACK for location Ela at 17-02-2016 12:00  

 

 
 

 

Fig. 6. Density profile calculated with SNOWPACK for location Ela at 17-02-2016 12:00  

 

 

4.2 Open field site 

Fig. 7 shows the density, SSA and the optical equivalent grain size as measured with various instruments and as 

modelled by SNOWPACK. The density is measured with the SMP and the density cutter. These results are 

compared to the density as modelled by SNOWPACK. Fig. 7 shows that till a depth of 35 cm the SMP gives higher 

values than the density cutter and SNOWPACK. At lower depths the values correspond better. The SSA is 

measured both with the SMP and with IceCube. The SMP gives higher values near the surface, while the Ice Cube 

gives higher values between a depth of 10 and 40 cm. At lower depths the values correspond well. With the 

reflectometer SSA values around 51-56 were measured at the surface, which corresponds well with the SMP 

measurements. The optical equivalent grain size is derived from the SMP and IceCube measurements and modelled 

by SNOWPACK. Till a depth of 30 cm the results corresponds well, especially those from IceCube and 

SNOWPACK. At lower depths the modelled values are much higher than the measured ones.   
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Fig. 7. Comparison of the density, SSA and Optical equivalent grain of the snow in the open field site, measured 

with various instruments and modelled by SNOWPACK 

 

A laboratory analysis was done with a sample collected in snow pit 1 at the open field site. The snow sample was 

taken from the bottom of the snow pit; 1 cm - 31 cm above the ground. In the sample three regions corresponding 

to the three different layers selected for further research. They are labelled as top, middle and bottom. Fig. 9 shows 

the so-called “scout view”, an intermediate product during the CT scanning.  From each of the layers of interest 

ten representative sub-sections were analyzed with the ImageJ software. Although in each of the layers section 

images looked similar they differed considerably between the layers. All of the section have the dimensions of 

1000x1000px with an running mean overlap of 60px. The resolution was set to 0.018mm.  

 As a first processing step a Gaussian blur filter was applied in order to get rid of same smaller scale 

artifacts. The blurring scale was set to 2px. Once the section images were treated with the Gaussian filter an 

analysis of the image histograms was necessary to determine the binarization threshold. In order to standardize the 

procedure, and exclude the random bias introduced by the custom thresholding of each section, a comparative 

study of all of the gray-scale image histograms was done. Fig. 8 presents the overlaid histograms from each layer. 

For a common threshold a value of 131 was selected, since it can well separate the “darker” grain values in all 

sections of the tree layers. Table 1 shows the mean density and SSA at the bottom, middle and top layer of the 

snow sample.  

  

    Fig. 8. Overlaid histograms from each layer 
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    Fig. 9. Sample sections from the bottom, middle and top layer of a snow sample in the open field site,  

taken 1-31 cm above the ground 

 

Based on meteorological data from station Bever Valetta a prediction of the grain shape and density distribution 

is made for 18-02-2016. The station is located at 46°32'22.0"N 9°50'12.3"E at an altitude of 2510 m. Fig. 10 

shows the grain shape and density profile calculated with SNOWPACK. The predicted height of the snowpack is 

70 cm which is close to what was observed in the field. The modelled snowpack consists of 20 cm of 

decomposing and fragmented particles, a thin surface hoar layer, a 10 cm layer with rounded crystals, again a 

small surface hoar layer, 5 cm thick layer with faceted crystals and a 25 cm thick depth hoar layer with again a 

thin surface hoar layer.   

 

Fig. 10. Grain shape calculated with SNOWPACK for location Bever:Valetta at 18-02-2016 12:00  
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Table 1 Mean density and SSA at the bottom, middle and top layer of a snow sample taken 1-31 cm above the 

ground in the open field site  

 
Density 

(kg/m3) 

SSA 

(1/m) 

bottom 210±21 10±2 

middle 146±24 7±2 

top 232±13 15±2 

 

4.3 Forest site 

Fig. 11 shows the snow profile and photo taken with the infrared camera at the forest site. The snowpack consists 

of a thin layer with precipitation particles, a layer with decomposing and fragmented particles, a 25 cm thick layer 

with rounded grain with two thin layers with melt forms, 18 cm with faceted crystals and melt forms and a 13 cm 

thick depth hoar layer. 

 

    

Fig. 11. Snow profile and infrared image of the snow pit in the forest site 

 

  
Fig. 12. Comparison of the SSA measurements done in the 

open area and forest  

Fig. 13. Snowdepth along the transects 
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Fig. 14. Variation in density measured with the SMP at various locations in the forest  

 

Fig. 12 shows the comparison of the SSA measured in the open and forest area. Especially at the top and bottom 

the values correspond well, while the middle layer differs.  

 Fig. 13 shows the snow depth which is measured along the various transects. The variation is large with 

measured values between 10 and 85 cm. The difference is much larger than at the open site and at the above tree 

line site. At the open site, close to the forest site an almost constant depth of 70 cm was measured along transects. 

Fig. 14 shows the density measured with the SMP at various locations in the forest. While some of the 

measurements show similarities with the results from the open site, the variation is large.   

5. Discussion and conclusion 

A prediction of the grain shape and density distribution is made for the open site and the site above the tree line 

using SNOWPACK. The predicted snow profiles are compared with the measured profiles. The predicted height 

of the snowpack is comparable to what was measured in the field for the open site and higher than what was 

observed at the site above the tree line. The predicted top and bottom layers are similar to the measured layers, but 

it contains more rounded and faceted crystals. Differences can be explained by the difference in weather and 

variation in field characteristics between the field site and the location of the weather station.  

 The measurements of the density and SSA made with X-ray tomography agree very well with density 

cutter for bottom and top layer in the middle one however the values are much further apart (146±24 vs. ~190). 

The discrepancy can be attributed to the type of the snow in the layer, the depth hoar crystals which were 

particularly difficult to measure in the field.  

 During the 19 of February a light snow fall was accompanying our team during the measurements at the 

forest site. This provided us with the opportunity to estimate the ‘interception factor’ by measuring the snow load 

accumulating on the branches and needles. Unfortunately the snow fall was not study and the air temperature was 

close to 0°C, those factors lead to unreliable estimates and quick melt of the fresh snow.  Dissipate this factors we 

estimate that the snow accumulation under the branches of the investigated spurs was five time smaller than at the 

open filed reference site. 
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