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ABSTRACT: In high elevation areas drifting snow influences the snowpack spatial distribution and 

consequently its stability. The amount of snow drifted from the windward side and accumulated on the 
leeward side is not only a function of wind conditions but it also depends on the snowpack characteris-
tic. 

One of the aim of the project MAP
3
 “Monitoring for the Avalanche Prevision, Prediction and Protec-

tion” – P.O. ALCOTRA Italy/France (Alps) 2007-2013 is to better understand the influence of snowdrift 
on the snow spatial distribution in the leeward side of a ridge, where avalanches naturally or artificially 
occur.  

To achieve this aim, in Summer 2012 the Seehore avalanche test site in Aosta Valley (Italy) was 
implemented with a snow and weather station installed on the ridge at 2570m asl in order to measure 
wind speed and direction, snow depth and drifted snow at different heights above the ground. 

In case of avalanche release, snowpack properties and release features are recorded by field sur-
veys. Laser scan measurements and photogrammetry are also performed to get information about the 
spatial distribution of the snowpack, with a special focus on the release zone. 

This paper presents the design and the installation of the system and the first results of the meas-
urements. As the experimental device was fully operational only for four months during winter 2012-
2013, in this paper we focus on two specific events: 1) snowdrift event without snowfall, 2) snowdrift 
event with concurrent snowfall before an artificially released avalanche in the study site. 

More work is planned for the future, in particular concerning the avalanche release and snowpack 
features in respect to snowdrift conditions. This new experimental test site presents a great potentiality 
to advance in this research topic, due to its small size and relatively easy logistic in the data recording. 
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1 INTRODUCTION 

In high elevation areas drifting snow 
influences the snowpack spatial distribution and 
consequently its stability. The additional load 
produced by the drifted snow might be critical for 
slab avalanche release. In literature, the 
snowdrift phenomenon has been approached in 
different ways: a) for the snow avalanche 
experts the main goal is to study the slab 
properties related to the wind/snow cover 
interaction in order to identify the location of 
potential avalanche release areas; b) for 

meteorologists and experts in wind properties 
the process itself is interesting and the aim is to 
understand the physical mechanism and 
possibly to model it. 

Among the first approach, Foehn (1988) and 
Conway and Abrahamason (1984), from 
measurements taken at the crown face of slab 
avalanches, attributed differences in shear 
strength to slab geometry formed by wind. Bair 
at al. (2010) also found no crown transects with 
regular snow depth, suggesting that the transect 
shape is dominated by upwind terrain features 
and their interaction with the wind.  

The more meteorological and modelling 
approach was followed for ex. by Gauer (1998), 
Mott and Lehning (2010) and Vionnet et al. 
(2012), who developped a model for the 
snowdrift and validate it with the help of data 
recorded at experimental snowdrift test sites. 
However, in these kind of work, the results did 
not combine the snow loads produced by the 
snowdrift to potential avalanche release zone. 

______________________ 
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To our knowledge, there exist no experience 
that integrates the two research subjects taking 
advantage from experimental data. In the 
experimental test site of Seehore in Aosta Valley 
(Nort-western Italian Alps), we therefore aim at: 

• study the wind field and the snowdrift 
around a complex mountaineous terrain; 

• estimate the snow cover redistribution due 
to snowdrift; 

• relate snow loads due to the wind action to 
the location of avalanche releases. 

The aim of this paper is to present the 
experimental test site and the preliminary results 
obtained from the analysis of the data registered 
during the first operative season (winter 2012-
2013). It is an ongoing project that started last 
winter and will last at least for another season.  

2 STUDY AREA 

The Seehore test site (45°51’05”N; 07°50’34”E) 
is located at the head of the Lys Valley, near the 
village of Gressoney-La-Trinité on the Monte 
Rosa Massif in the North-western Italian Alps. It 
is within the MonterosaSki resort and usually 
avalanches are triggered for the safety of the ski 
run that crosses the bottom of the slope (Fig. 1). 
It belongs to the authority Regione Autonoma 
Valle d'Aosta and is operative since winter 2009-
2010 for the study of avalanche dynamics, 
flow/obstacle interaction and release processes 
The slope has an altitude difference of about 
300 m (2570 to 2300 m asl) and faces toward 
NNW. At 2420 m asl an instrumented obstacle is 
placed for the measurement of the avalanche 
impact forces (Maggioni et al., 2013 and 
Barbero et al., 2013; Segor et al., this issue).  
 

 
 

Figure 1: Winter view of Seehore peak from 
North-East (photo: A. Welf). The insert shows 
the geographical location of the test site. 

 
In winter 2012-2013 the test site was imple-

mented for the study of the influence of the 
snowdrift processes on avalanche release. 

3 DATA COLLECTION 

In order to measure the snow and 
meteorological variables necessary for the study 
of the snowdrift process, in Fall 2012 a snow 
and weather station were installed on the ridge, 
at 2570 m asl. The station is composed by (Fig. 
2):  

• 1 anemometer and 1 wind vane placed at 
600 cm above the ground;  

• 1 snow depth sensor placed at 530 cm 
above the ground; 

• 4 snowdrift sensors (Wenglor YH08NCT8 
LASER) placed at variable heights above 
ground (+110, +210, +310 and +550 cm). 
These sensors measure the number of par-
ticles that cross a laser beam and have be-
ing used by other authors in different study 
sites (e.g. Naaim-Bouvet et al., 2012). 

The measurements are locally recorded 
every 10 minutes by a data-logger and also sent 
through a transmission system to the Politecnico 
of Torino. 

Beside the above parameters measured up 
at the ridge, other snow and weather 
parameters are recorded in the surrounding. An 
automatic and a manual weather stations are 
placed at about 2400 m asl less than 1 km apart 
from the site. Snow depth, air temperature and 
precipitation are automatically recorded every 
30 minutes, while new snow height and density, 
air temperature, snow cover surface 
characteristics and weather conditions are 
manually recorded daily at 8 am. 

Moreover, in case of avalanche release, 
more data are collected by field work, namely 
snowpack physical properties, snow cover 
distribution via manual probing and/or laser 
scanning, and release zone characteristics. 

 

 
 
Figure 2: Snow and weather station placed on 
the ridge at 2570 m asl at the Seehore test site 
(photos: M. Maggioni). 
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Figure 3: Work flow for the extensive data analysis. 

4 DATA ANALYSIS 

From the recorded data, we first characterize 
the test site in term of wind conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
Then, different analysis are performed: ex-

tensive analysis on the whole database and 
more specific ones on particular periods. 

The work flow is shown in Fig. 3, where it is 
evident that the first important distinction is be-
tween periods of snowfall and of no snowfall. 
Within these two subsets, the analysis of snow-
drift with respect to wind and snowpack proper-
ties is done. 

In particular, we analyse the possible relation 
between the Wenglor count at different heights 
above the ground and the wind speed.  

In this work we do concentrate on specific 
periods, while the extensive analysis of the 
whole database is planned for the future. In par-
ticular, we focus on the periods: 

• 24
th
 – 26

th
 of February 2013: snowdrift 

event with concurrent snowfall, before 
the avalanche artificially triggered on 
26

th
 of February 2013; 

• 20
th
 March 2013 (01:19 - 07:49 pm): 

snowdrift event without concurrent snow 
fall. 

To identify the different events, we first have 
to distinguish between the snowfall and no 
snowfall periods. This is already an issue, be-
cause their definition cannot be achieved simply 
checking the snow depth data from the snow 
gauge. In fact, sometimes the strong wind blow-
ing during a snowfall can falsify the snow depth 
automatic records (as found for ex. by Bellot et 
al., 2011). In our case, we can trust more the 

new snow data taken manually every morning 
near the study site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

5 PRELIMINARY RESULTS 
 
In this section we first characterize the wind 

conditions at the Seehore test site and then ana-
lyze the two specific selected events. 

 
5.1 Wind conditions at Seehore test site in win-

ter 2013 

The system was fully operational only in the 
period 15

th
 February – 3

rd
 May 2013. We can 

use only those data to describe the wind condi-
tions at the site, that therefore are related only to 
the last season and cannot be used to charac-
terize the prevalent wind field at the site.  

 

 
 

Figure 4. Distribution of the wind speed and di-
rection (hourly averaged values) at Seehore 
(15

th
 Feb - 5

th
 May 2013). 
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Unfortunately, there are no AWSs in the sur-

rounding that can be used for this aim, as the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
wind field around the Seehore peak is a lot 

influenced by the local topography.  
Fig. 4 shows that, in those 4 months, the 

prevalent wind direction was W-E and the 
maximum speed around 16 m/s (but with preva-
lent direction SSW-NNE). Most of the data 
(93.8%) lies in the wind speed class 0-5 m/s, 
5.7% in the class 5-10 m/s (Fig. 5). If we con-
sider only the periods when the lowest wenglor 
(W4) counted more than 100 particles per 10 
min (considered as a threshold to identify a 
snowdrift period), the prevalent wind direction 
was again W-E but the data distribute slightly 
differently within the classes: most of the data 
(78.3%) still lies in the wind speed class 0-5 m/s 
but more data are within the class 5-10 m/s 
(20%) Note that Seehore test site faces toward 
NNW, therefore the wind sector that favours the 
snow load on the slope range from SW to E. 

The winter 2012/13 was characterized by 
several episodes of snowdrift (even with high 
wind speed, around 10m/s) linked to intermittent 
snowfalls. 

5.1 Snowdrift event with concurrent snowfall 
before the artificially triggered avalanche on 
26

th
 of February 2013 

On 26
th
 of February 2013 (9.40 am) an ava-

lanche was artificially released with explosives 
at the Seehore test site (Fig. 6) after a period of 
snowfall with concurrent wind blowing mainly 
from WSW, with an average velocity (on the pe-
riod 24

th
 – 26

th
 February) of 3 m/s (peaks up to 

10 m/s, Fig. 7). 
The cumulative new snow measured at the 

manual station was 52 cm, while the AWS and 
the snow gauge up at the ridge registered about 
40 cm of new snow (determined as the differ-
ence between the snow depth at the beginning 
and at the end of the snowfall), as well as the 
manual snow pit (Fig. 8). 

The snow distribution on the ground before 
the avalanche triggering was measured with a 
laser scan campaign (Fig. 9), that was repeated 
after the avalanche release for avalanche mass  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

balance purposes. Here we are interested in the 
snow cover distribution before the triggering in 
order to recognize areas of additional snow load 
 

 
 
Figure 6. Overview of the avalanche triggered 
on the 26

th
 of February 2013. In yellow the trig-

gering points: shot 26-02A released the large 
avalanche that triggered two secondary releases 
along the path; shot 26-02B had a negative re-
sult and shot 26-02C released only a small sluff. 

 

 
 

Figure 7. Distribution of the wind speed and di-
rection at Seehore (raw data in the period 24

th
 

feb 00.00 am - 26
th
 feb 09.35 am 2013). 

                       
 
Figure 5. Wind directions for different wind speed classes at Seehore (2

nd
 Feb – 5

th
 Mar 2013). 

5-10 m/s  0-5 m/s 
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probably due to wind actions. For example, 
there are two evident areas at around 2550-60 
m asl with a snow depth higher than the sur-
rounding ones (Fig. 9); there, the avalanche was 
artificially triggered. 

 

 
Figure. 8. The snowpack profile at 26

th
 of Feb-

ruary 2013 closed to the avalanche release 
zone shows a 40 cm of fresh snow on a 10 cm 
thick faceted rounded particles - RGxf and 10 
cm melt-freeze crust - MFcr (Fierz et al., 2009). 
 

The wenglors measured particle numbers up 
to about 85000 in 10 minutes at the lower posi-
tion (W4 in Fig. 10). The relation between the 
counts shows that the highest values were gene 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 9. Snow cover distribution in the release 
zone on 26

th
 of February 2013 before the ava-

lanche triggering. The blu line outlines the ava-
lanche perimeter, while the pink ones the re-
lease areas used to back-calculate the event 
(see Maggioni et al., this issue). 
 
-rally recorded from wenglor 4 (W4 at +110 cm), 
then wenglor 1 (W1 at +550 cm) and then wen-
glor 3 (W3 at +210 cm). Tab. 1 shows the corre-
lation (always highly significant, p < 0.001) be-
tween the variables: W4 is the wenglor with the 
highest correlation with the wind speed, proba-
bly due to the fact that the flux closed to the 
snow surface is larger than at higher heights 
above the ground. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 10. Wenglor count, wind speed and snow depth registered from the 
instruments placed up at the Seehore ridge. 
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         w1     w3     w4     speed  

     w1  1.000  0.560  0.321  0.202 

     w3  0.560  1.000  0.522  0.248 

     w4  0.321  0.522  1.000  0.341 

  speed  0.202  0.248  0.341  1.000 

 

Table 1. Correlation between the wenglors and 
the wind speed (p < 0.001). 

5.2 Snowdrift event without concurrent snowfall 

The specific snowdrift period considered 
here occurred on the 20

th
 of March 2013 from 

01:19 to 07:49 pm. 
After the snowfall from 23

rd
 to 26

th
 of Febru-

ary (that imposed the artificially avalanche re-
lease described in section 5.1), a new snowfall 
from 27

th
 to 28

th
 of February (about 20 cm) and 

other feeble one from 16
th
 to 19

th
 of March 

(about 25 cm) built a snowpack in which 30 cm 
of fresh snow based on around 30 cm of 
rounded grains LGlr (Fierz et al., 2009). 

Fig. 11 shows the trend of the three wenglor 
counts and the wind speed during the snowdrift 
event: wenglors draw the same trend, i.e. counts 
increased when the wind speed relatively de-
creased, reaching the low/medium speed range 
(from 5 to 10 m/s, ideal for snowdrift phenom-
ena) from 06:19 to 07:19 pm. All the wenglors 
were significatively mutually correlated (p < 
0.05), while no correlation was found between 
the wenglors and the wind speed (Tab. 2). 

Note that, in this snowdrift event, the wind 
speed is high in comparison to the average 
value at Seehore ridge, reaching peaks of about 
12.5 m/s with NNE prevailing directions (Fig. 
12). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

           w1     w3     w4     speed  

     w1  1.000  0.628  0.866    0.196 

     w3  0.628  1.000  0.356   -0.066 

     w4  0.866  0.356  1.000    0.242 

  speed  0.196  -0.066 0.242    1.000 

 

Table 2. Correlation between the wenglors and 
the wind speed. 
 
 

 
 

Figure 12. Distribution of the wind speed and 
direction at Seehore (raw data on the 20

th
 of 

March 2013, from 01:19 to 07:49 pm). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 11. Wenglor count and wind speed registered at the Seehore ridge during a snowdrift 
event without snowfall (Time: 20

th
 March 2013, from 01:19 to 07:49 pm). 
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6 DISCUSSION AND CONCLUSIONS  

In this paper we presented a new test site 
for the study of the snowdrift over a complex 
mountain topography and of the snow load on 
potential avalanche terrain. As it was operational 
only for 4 months last season, we then pre-
sented only results from specific periods. 

In terms of wind conditions, the Seehore test 
site seems to be not very windy, with wind 
speed similar to other surrounding AWSs  
placed on ridges and considered not windy (per-
sonal communication by G. Contri). As, in real-
ity, in the release zone of the Seehore ava-
lanche test site, we observed snow loads due to 
wind, we think that the interaction of the steep 
topography with the wind field plays a key role in 
understanding the recorded data. We will go 
deeper in this research with measurements of 
the wind speed around the peak an possibly 
modelling the wind field. 

From our preliminary analysis we did not 
found any trend between the wenglor counts 
and the wind speed, neither with nor without 
concurrent snowfall, as instead found by Naaim-
Bouvet et al. (2012) for period of snowdrift with-
out snowfall. We definitely need a larger dataset 
to say something more about this relation. We 
will also check the wenglor functionality at dif-
ferent air temperature, as we recently discov-
ered that the sensors might have problems at 
temperatures lower than a certain threshold 
(ranging between -10 and -15 °C) that is differ-
ent for each sensor. This is the main problem to 
be solved now in our analysis, before being able 
to give correct interpretation of our data and 
coming to some conclusions. 

In the future, we will analyze the whole 
dataset with extensive analysis, in order for ex. 
to find a relation between the snowpack proper-
ties and the snowdrift events. As Li and 
Pomeroy (1997), we would like to search for a 
relation between the threshold velocity for 
snowdrift and the snow properties, mainly the 
age of the snow at the surface of the snowpack, 
snow density and temperature. We cannot take 
advantage of snowpack models until yet (the 
approach followed for ex. by Lehning et al., 
2000 and Vionnet et al., 2012), but we hope for 
future collaborations in order to obtain further 
information to be used in our analysis.  

A great improvement would come from laser 
scan campaigns made three times at the test 
site: 1) before and 2) after a snowdrift event and 
3) after the avalanche triggering, in order to fol-
low the snow cover redistribution and relate this 
to the location of avalanche release areas. 

In case of snowfall we will also check if the 
highest wenglor is able to count the falling snow 
particles, depending on the wind speed.  

 
To conclude, the main innovation in our ex-

perimental test site is the combination of snow-
drift measurements in an avalanche test site. 
This peculiarity makes us able to study possible 
relation between snowdrift, snow load on re-
lease zone and the potential avalanche trigger-
ing. Until now we only have one registered 
event, therefore we hope in the future to get 
more data in order to achieve this goal, which 
has a practical application for avalanche ex-
perts. 
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