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ABSTRACT. Snowdrift formation has been monitored in the eastern Spanish Pyre-
nees since 1992 at an experimental study plot at the La Molina ski resort between 2000
and 2400 m. Several instruments were installed 1o characterize the wind. quantify snow-
mass flux. detect snowdrifting episodes and measure the evolution of a natural snowdrift.

This plot is situated within a natural snowdrift and is equipped with measuring instru-
ments such as snow poles, three columns of snow collectors {prismatic boxes. facing the
dominant winds and an anemographic station.

During the 4 vears of data acquisition. the thickness of the snowdrift has been meas-
ured and the snow collectors checked once each week. An active interest has been taken in
the relationship between snowdrift development and drifting snow during a wind episode.

The relationship observed between wind. drifting snow and the development of the
snowdrifi is presented. The results show: (1) the amount of snow collected in the snow col-
lectors is related to wind intensity and to the availability and the quality of drifting snow.
and (2) wind intensity principally affects the relative location of maximum snowdrift

_ growth rather than controlling the thickness of the snowdrift.

By comparing the evolution of the snowdrift with Tabler’s {1975 model. we observed

that 1t fits with the 1opographic features of our study area for the three seasons shown.

INTRODUCTION

Human activities are ofien threatened by snowdrifting. In
our area this occurs principally in high mountain environ-
ments. Wind episodes distribute the snow irregularly. produ-
cing accumulation areas that increase the avalanche hazard.

Snowdrifting also affects the road and raiiway network.
producing disturbances in both and increasing danger to
traffic due to reduced visibility.

In ski resorts the effects of the wind on open areas are
reflected in the erosion of snow from ski runs, causing
important economic losses.

Snowdrifting has often been studied from its theoretical
point-of-view (Kobavashi, 1972: Martinez, 1996, Naaim-
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Fig. 1. The study area.
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Bouvet and Naaim. 1995, However. few of these studies hin
been undertaken in high mountain areas with complicatca
relief i Castelle. 1990: Duclos. 1993: Mases and Vilaplana
1994: Mases and others. 1995,

An experimental plot has been equipped in the eastern
Spanish Pyrenees on the highest slopes of the La Molina ski
resort. \Working in a ski area considerably simplifies access v,
the site in all weather conditions.

This paper describes the gauges used at the La NMolina
plot. the measurements done. the type of data obtained
and the results inferred from these with respect to the distri-
bution of snow in a natural snowdrift.

STUDY AREA

The experimental site is on the highest slopes {Torrent Ne-
gre) of the La Molina ski resort in the Catalan Pyrenees. in
northeastern Spain (Fig. 1. It is accessible by skilift.

The Torrent Negre area is characterized by high erosion
surfaces or platforms and by a flat topography. However.
there are some slope changes that produce snowdrifts. At
one of these snowdrifts have been monitored. The gauges
are installed in this area.

The altitude range in the study area is between 2000 and
2400m on a slope mainly exposed to the north. Mean
annual precipitation is about 1211.2mm of water: mean
annual snow precipitation is about 414 mm of water and
the average snow-accumulation thickness is about 25-3m
at 2050 m. Precipitation comes mainly from the east and is
often followed by strong north winds that immediately re-
distribute all the fresh snow. The snow lies on the ground
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about 137 days per vear at 1711 m. The mean annual temper-
ature is about 5.4°C. and the February average temperature
is about —1.6°C (Salvador, 1985,

Wind is characterized by high-intensity episodes that
come from the north and northwest. Precipitation comes
mainly from the east and is often followed by strong north
winds that immediately redistribute all fresh snow.

EXPERIMENTAL EQUIPMENT

Several gauges were installed to measure wind episodes and
the resulting redistribution of snow during the 1992-93,
1993-94, 1994-95 and 1995-96 scasons. They were the fol-
lowing:

Wind vane and wind-speed sensor with digital registration. It
provides a continuous record throughout the snow sea-
son with a sampling time of 2 minutes. It was situated
11 m high on a skilift tower near the other gauges.

Snow ~collector columns. These are boxes that collect a sam-
ple of the snow transported during a wind episode. Their
capacity is 401 and they are piled up in columns of six
collectors. Blowing snow is collected at six different
heights (0.26. 0.52, 078, 1.04. 1.30 and 1.56 m above the
ground).

Monitored snowdrift. This formed during northerly and
northwesterly episodes. It was equipped with two lines
of seven poles. one line oriented north-south and the
other northwest—southeast. The poles have lengths of 3
and 5m and were graduated every 0.10 m.

The poles in the snowdrift were measured once a week.
The snow collectors were sampled once a week and immedi-
ately after snowdrifting occurred, when the snow collected
was weighed.

Different measurements were also made on the snow-
pack. Once a week a snow-stratigraphy profile was done
and each dav weather conditions were measured and the
type of snow on the surface recorded.

These data allowed us to characterize the episodes of
snow transport. Following the data analysis, we consider
that a wind episode begins when the speed exceeds 6 m s
below this snowdrifting very seldom occurs.

COMPARISON BETWEEN DRIFTED SNOW AND
THE DEVELOPMENT OF A SNOWDRIFT

Measurements on the poles indicated the evolution of the
thickness of the snowdrift.

In Figure 2 the snowdrift evolution on a north-south
orientation for the 1992-93 season is shown. The snowdrift
grew slowly until the end of February. On the 26 February
1993 an important increase was observed, and also at the
next measurement on 9 March 1993. From mid-March until
27 April snow loss was the main process in the snowdrift.
This loss could be produced either by melting or by winds
redistributing the snow.

From interpretation of the profiles obtained during the
last three seasons we observed:

A snowdrift goes through several evolutionary stages.
These stages are related to the number of snowdrifting
episodes that occur. During winter, the rate of growth
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Fig. 2. Snowdrift evolution ( north—south ) orientation during
the 1992-93 season.

of a snowdrift is directly related to the number of snow-
drifting events.

The maximum growth of the snowdrift occurred during
the early wind episodes of the season.

Variations of snow height were more important during
the early episodes of the season than during the later
ones.

A comparison between volume variations of the snow-
drift and the snow transported by the wind would be of
great interest. Distances between the poles in the snowdrift
were too great to calculate the total volume of the snowdrift.
In order to discover the growth and changes in the snow-
drift thickness, an imaginary vertical plane through the
two lines of snow poles was used to calculate surface varia-
tions. These surface changes are representative of the
volume variations in the snowdrift (Fig. 3).

In Figure 4, the number of episodes (snowdrifting
events) vs the variations (m?; Fig. 3) of the snowdrift thick-
ness for each wind episode is presented for the 1992-93 and
1993-94 seasons. The first two snowdrifting episodes during
a winter season are those that produce the most important
increase in area (Fig. 3). However, loss of snow due to a wind
episode from the opposite direction or high temperatures,
producing a decrease in the snow-cover thickness by melt-
ing, changes the snowdrift profile and thus the evolutionary
stage of the snowdrift.

Tabler (1975) pointed out that the increase of snow in a
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Fig. 3 An imaginary vertical plane through the lines of poles
allows us to calculate surface variations. Ty = Time 0
( before a snow-drifting event ) and Ty =Time ] ( after the
snow-~drifting event). S = total increase in m” of the snow-
drift 1n one of the lines ( northwest—southeast or north—south )
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Fig. 4. The number of episodes ( snowdrifting events ) vs var-
iations of the snowdrift thickness (m®). Refer to Figure 3.
Lines are fit to the data. Seasons of 1992-93 and 199394
Jor the north—south line are plotted.

snowdrift is inversely proportional 1o the amount of snow
accumulated. The efficiency of snow trapping from a slope
change (snowdrift) decreases while the natural snowdrift is
being built. This is what was observed at the La Molina
snowdrift during the 1992-93,1993-94 and 1994-95 seasons.

Table I shows the amount of snow collected in the two
snow-collector columns (oriented north and northwest),
the growth of the snowdrift (Fig. 3) and the main meteoro-
logical parameters (wind velocity, air temperature, snow-
grain types and the occurrence of precipitation).

The wind episodes of 28 December, | April 1993 and 22
April 1994 show similar features. The air temperature ran-
ged between 3° and -20°C during the three episodes. While
snowdrifting occurred there was precipitation during the
three episodes and the amount of available snow to be
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Table 1. Description of episodes

28Dec1995 "~ 1Apr1995 22 Apr 1994
Snowdrift growth north 648m° 575m*” 1035m’
Snowdrift growth 526 m’ 885m* 132m”
northwest
Snow collected in snow 3350¢ 3430¢ 3505¢
collectors
Snow collected in snow 2525¢g 1825¢ 1825¢
collectors northwest
Total of snow collected 5875¢ 5255¢ 5330¢g
Maximum velocity 384ms' 284ms ' 52Ims '
Average velocity 82ms’' 94ms ' 58ms '
Snow on surface Rounded Fragmenied  Fragmented
particles particies particles
Precipitation 063 m 02m 02im
Temperature max./min. 4-21°C 3-14C 3i-13°C

drifted away was also similar. Wind velocities were similar
during the first two episodes, above 25 ms™’, but during the
third one the velocity was much higher. The snow-collector
columns collected 5875 g during the first episode, 5255 ¢
during the second and 5330 g during the third. This indi-
cates that the quantity of drifted snow was also very similar
during the three episodes. However, during the 28 Decem-
ber 1993 episode the snowdrift grew 64.8 m? in the northerly
direction and 52.6 m? in the northwesterly direction. During
the 4 January 1993 episode, the growth was 575m” and
885m” and in the 22 April 1994 episode it was 10.35 m?
and 132 m>, respectively in the northerly and northwesterly
direction (Fig. 3 and Table 1;. The differences found bv com-
paring these three episodes are assumed to be different
stages of evolution between the first case and the other two.
The second and third episodes represent similar evolution-
ary stages, in both cases the snowdrift was approaching its
equilibrium profile (Tabler, 1975).

Snowdrifting episodes with similar features produce
different rates of growth in a snowdrift depending on its
evolutionary stage. We have assumed that the amount of
transported snow is not the main control during snowdrift
evolution.

Considering the proximal zone (windward area), and
the distal zone (leeward area), of the snowdrift. it is in the
distal zone where volume changes are more pronounced.

Wind intensity principally affects the relative position of
the maximum rate of growth of snowdrifting. Strong winds
tend 10 increase the volume of the snowdrift in the distal
zones rather than in the proximal ones (Fig. 5).

APPLICATION OF TABLER'S (19750 SNOWDRIFT-
DEVELOPMENT MODEL

Tabler (1975) developed a statistical model to predict the
maximum profiles of snowdrifts. He studied their evolution
in Wyoming. His model fits in flat environments but cannot
be applied 10 high-mountain environments or to snowdrifts
with high angles.

Taillandier and others (1990) proved that the same re-
quirements are preserved while working with scale models
in real conditions. The La Molina snowdrift is smaller than
those studied by Tabler (1975) so to apply his model we have
increased the size of our snowdrift by three times (Taillan-
dier and others, 1990).
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Fig. 5. Variations of snowdrift depending on the wind intensits.

In Figure 6, we show profiles derived for three seasons our snowdrift profile. In the 1993-94 season (case b). we
92-93, 1993-94 and 1994-95, and also the predicted observed that in the 11 February 1994 measurement the
ofile using Tabler’s model for the La Molina snowdrift. snowdrift presented a profile above Tabler’s predicted equi-
1e three seasons show differences when compared with librium profile. This situation was produced by a snow-drifi-
- model. In the 1992-93 season, Tabler’s model fits with ing episode characterized by low-intensity winds (Fig. 5.
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Fig. 6. Profiles of the La Molina snowdrift for the 1992-93, 1993-94 and 1994-95 seasons, compared with those predicted by

Tabler’s (1975) model.
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However. later episodes (18 March 1994' removed the snow
that exceeded Tabler’s profile and the snowdrifi reached its
equilibrium profile. Finally. in the 1993-94 season. the
snowdrift did not reach Tabler’s equilibrium profile. This
season was characterized by very low precipitation rates.
which meant there was little snow to be drifted. We also
observed that. for the three seasons presented in Figure 6.
Tabler’s model fitted with the topographic features of our
study area.

CONCLUSIONS

From the experimental data obtained at La Molina we
observed that the factor controlling the growth of a snow-
drift is its evolutionary stage. The amount of snow trans-
ported during a wind episode is not the main factor. The
evolutionary stage is directly related to the number of snow-
drifting episodes that had occurred previoushy: These obser-
vations are in agreement with those of Tabler (1975

An identical blowing-snow event produces different
rates of growth in a snowdrift depending upon whether it
occurs in the initial or final stage of the evolution.

Wind velocity principally affects the location of the snow
deposit. the stronger the wind velocity the further away
idistal) the snow accumulates as a drift. and the lower the
velocity the nearer (proximal) it accumulates.

By comparing the evolution of the snowdrift with
Tabler’s (1975) model we observed that for the three seasons
presented it fitted with the topographic features of our studv
area.
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