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Snow and avalanche: the influence of forest on snowpack stability
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ABSTRACT: Snow avalanches are among the most important disturbances that affect mountain eco-
systems, influencing forest dynamics, establishment and mortality processes. At the same time, for-
ests can affect the likelihood of avalanche release and can thus protect human settlements and infra-
structures. The forest protective role is largely a function of forest stand structure, snow characteristics
and topography.

Starting from winter 2003/2004 the snowpack evolution within forested areas of the Aosta Valley (Italy)
has been monitored, in order to increase the present knowledge on complex relationship between for-
est and snowpack.

Since 2005, a specific research was carried out focused on detection and analysis of those ava-
lanches that released within forested areas. First, an analysis of the Regional Avalanches Cadaster of
the Aosta Valley was done to determine the number of avalanches, about 5 %, with a starting zone
located into forested areas. Afterwards, 15 sites were chosen to compare forest characteristics with
neighbouring areas located at same altitude, aspect and slope, where no avalanches occurred. The
resulting data were used to evaluate the minimum requirement for selected parameters (e.g. tree den-
sity, basal area, canopy cover) that a forest must have in order to supply the protective function with
respect to avalanche release and snowpack conditions derived from Avalanches Bulletin of Aosta Val-
ley.

By increasing the current data-base, it might be possible to relate forest structural characteristics to
the reduction of snowpack instability. As defense measure from avalanches, in some cases it should
be preferable to use sustainable practices such as suitable silvicultural approach instead of traditional

and permanent defence structures.

KEYWORDS: forest, snow, avalanches, protective function.

1 INTRODUCTION

The monitoring of the snowpack evolution by
the Avalanche Warning Services is generally
carried out outside forests to limit external influ-
ences on snowpack. Therefore, the knowledge
of possible relationships between forest charac-
teristics and snow evolution and stability is still
scarce.

The complex relations between climatic,
morphological and ecological factors suggest
not to consider a priori forests as areas ex-
cluded from avalanche release. The necessity to
evaluate snowpack characteristics within forest
is becoming more frequent, as widely discussed
at the European Geosciences Union General
Assembly 2008: Fierz et al. (2008) showed the
problems related to the classification of wet
snow and crust, snow transported by wind and
snow within forest areas.
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The knowledge about this topic is very lim-
ited (Brang et al., 2001), but the increasing in-
terest on these themes determined a conspicu-
ous input to research activities, such as some
recent papers (e.g. Berretti et al., 2006).

Forest canopy influences the physical char-
acteristics of the beneath snow: first of all the
reduction of snow depth related to snowfall in-
tensity (Pomeroy and Brun, 2001) and tree
composition (Motta, 1995). Snow intercepted by
crowns irregularly and gradually falls out and the
amount of interception depends on snow humid-
ity and air temperature; this process contributes
to create a more heterogeneous snowpack than
areas located outside forest (In der Gand, 1978)
and prevents the formation of layers without co-
hesion, a process that represents one of the
most important factors of snowpack instability
(Brundl et al., 1999).

The presence of tree canopy induces air
temperature mitigation and consequently a
lower temperature gradient inside the snowpack,
that becomes dominated by rounded grains and
a lower percentage of faceted crystals and
depth hoar compared to the snowpack in open
areas (Freppaz et al., 2006; Letey et al., 2008).
In forest, wind manipulation of snow is reduced,
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but within clearances wind can strongly acceler-
ate and provoke considerable snow accumula-
tions.

Within forest areas snow gliding is less evi-
dent, because ground roughness is higher than
on bare soil; the presence of stump also con-
tributes to increase snowpack stability; however,
snow cover movements in forest have been re-
ported (Holler, 2001 and Berretti et al., 2006)
and the stems are often bended, especially in
correspondence of steep areas with a consistent
snowpack lasting for a long period.

Forests have not a mitigation role: in fact
their effect along the avalanche track is limited
to reduce lateral widespread and to slow down
small events. The role of the forest is focused in
the avalanche release zone where the forest
cover has a stabilization function for the snow
cover.

Within forests, avalanche release areas are
localized on slope greater than 30° (Schneebeli
and Bebi, 2004). Past research (Saeki and Ma-
tsuoka, 1969) has shown that the average
height of a tree necessary to stabilize the snow-
pack must be about twice the snow depth. In
British Columbia 76 avalanche sites localized on
Coast Mountains and Columbia Mountains were
analyzed to investigate the main parameters of
the release zones of destructive avalanches
(McClung, 2001). Soil roughness, in a forest
with trees higher than 2 m, is the most important
factor that reduces avalanche frequency: 90% of
avalanches start within forests characterized by
a tree height of less than 2 m. Meyer-Grass
(1987) showed that forests can exercise a pro-
tective function only with a stem density larger
than 250 trees/ha and a height greater than 3 m.
These forest parameters must be related with
average seasonal snowfall and snow accumula-
tion data.

Concerning forest canopy cover, values
greater than 46% reduce the avalanche fre-
quency. If the slope angle and the snow depth
increase, only the largest stem diameters guar-
antee an effective stabilization, because of their
resistance to strong static pressure by snow
cover: Meyer-Grass (1987) considered only di-
ameter at breast height (dbh) greater than 16
cm. Trees with dbh minor than 6-10 cm show a
great flexibility of stems so they can only mar-
ginally contribute to snowpack stabilization
(Johnson, 1987).

An empirical principle was developed for ev-
ergreen forest: canopy cover necessary to hin-
der middle-size and big avalanche release is
about 50-60% if trees are high enough and have
a regular distribution (without big gaps). If can-
opy cover is less than 50-60%, the protection
effect depends only on the forest population
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density (stem/ha), also considering dead trees
(Perzl, 2007).

The presence and the size of gaps inside
forest is also a fundamental parameter for pro-
tective function: with a canopy cover of about
50%, slope about 35° and width of gaps about
15 m, avalanche release is less probable. In-
stead, gaps larger than 30 m along a slope can-
not hinder avalanche release (Imbeck, 1983;
Schonenberger et al. 2005) because snowpack
stabilization is localized only 2-3 m around the
stem of adult trees (In der Gand 1978).

A systematic approach that analyzes forest
parameters with respect to snowpack stability
and avalanche release is still lacking; therefore,
the aim of this work is to define the main fea-
tures that a forest must have to ensure a direct
protective function against avalanche release.

2 METHODOLOGY

2.1 Aosta
Cadaster

Valley  Regional  Avalanches

Through an agreement between the Aosta
Valley (NW ltaly) and the University of Turin, a
research into the Regional Avalanches Cadaster
was conducted with the purpose of analyzing
the characteristics of the starting zone of the
historical avalanches that occurred in the past.
Features as land cover, altitude, slope and as-
pect of the release zone were considered.

This preliminary step allowed to detect ava-
lanches that released within forests. Events oc-
curring in forested areas but very close to steep
cliffs and watersheds (with slope > 60°) were
excluded, because in this case the forest cover
effect can be considered negligible.

2.2 Choose of significant study-sites

In order to describe the characteristics of the
forest where past avalanches occurred, only the
avalanche events that happened in the last 10
years were considered. This time lag is consid-
ered short enough to assume the current forest
conditions are similar to those occurring at the
time of the historical events. Fifteen avalanche
sites were chosen to provide comprehensive
coverage of the Aosta Valley (Fig.1).



International Snow Science Workshop, Davos 2009, Proceedings

L T, O
,-a'!l-:_’\"‘- ‘r'\_r’-‘{f 1 E-FI r -l;('F ‘: ' {y‘}h—l
AT AL AT
T g Dt e E W
o \."‘“f‘f{‘ﬂ;}z. [ ettt <
BN St 2
t,i r}} o _/.-—u“-.h_,;v,r:":_ﬂr’ ~i
iy aad

Figure 1. Distribution of the study sites in the
Aosta Valley. Numbers denote n of avalanches
analyzed within a site.

2.3 Measurement procedures and data analysis

For each investigated avalanche site, two
25x25 m plots were chosen: one inside to the
release zone of the past event and another out-
side the starting zone. Each external plot was
chosen at the same altitude, aspect and slope of
the neighbouring internal test area, but with a
different structure supposed to be able to avoid
the avalanche release.

Plot 1 (inside |
‘starizoe" starti

The thresholds for trees were 8 cm for dbh
and 2 m for the height: lower heights could be
raised by the snowpack according to the litera-
ture (Meyer-Grass, 1987). The field protocol in-
cluded both the site description (altitude, aspect,
shrub, herb and stone cover) and the forest
structure analisys (species, tree density, dbh,
crown size, height). Each trees was mapped
using a GPS. The Stand Visualization System
(SVS) software (USDA Forest Service), was
used to calculate the forest crown cover.

2.4 Nivo-meteorological data

The snow and meteorological data and
some weather reports were acquired by the
Aosta Valley to describe the nivo-meteorological
conditions of the period when the analyzed ava-
lanche events happened.

3 RESULTS

3.1 Avalanche Cadaster analysis

The research conducted into the Aosta Val-
ley Regional Avalanche Cadaster involved 1010
known avalanche paths. Among these, about
45% show a release zone with a slope angle
greater than 30°. The most of them (38% of the
total) have a release area in-between 2000 and
2500 m a.s.l., therefore into a forested altitudinal
vegetation zone. Considering the release zone
land cover, we classified ten types of substrata
with two different morphologies (channelled and
open slope): the greatest number of events
happened in correspondence of rock slopes
(28%) or rock slopes with grass and shrubs
(21%). Moreover, a not negligible amount of
avalanches (5%) released within forested areas.
3 cases of channelled avalanches and 50 cases
of open slope avalanches.

Considering the damages caused by those
avalanches, most of them damaged first of all
forests (35%), then infrastructures (25%), moun-
tain pastures (13%) and ski runs (5.5%). Any-
way, in a large number of cases (21%), ava-
lanches did not cause any damages.

3.2 Avalanches released in forest

The following analysis considers the ava-
lanches that released within forest in the last 10
years. Most of them occurred when the ava-
lanche danger was equal to 3-considerable. The
prevalent aspect is North (60%) and, concerning
the slope, all the investigated avalanches re-
leased between 33 and 48° but most of the
events (40%) was registered on slope of be-
tween 35 and 40° at an altitude ranging from
1900 and 2000 m a.s.l. (47%).

Considering the detachment period, the ava-
lanches in-depth examined were detached
mainly during March and April (67%).

3.3 Forest surveys
3.3.1 Test areas internal to the release zone

About 87% of the avalanches released be-
low larch (Larix decidua Miller), and into this per-
centage the largest number of avalanches
(54%) occurred during spring. Considering the
slope of the forested avalanche release areas, it
appears that a density of 327 trees/ha with dbh>
8 cm (252 trees/ha with d larger than 16 cm), did
not guarantee a protective function on slopes
between 30 and 35° Considering slopes be-
tween 35 and 40°, avalanche events were regis-
tered within forest with 360 trees/ha with dbh > 8
cm (236 trees/ha with dbh > 16 cm) and, for
slopes of 40-45°, the density was 495 trees/ha
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with dbh > 8 cm (273 trees/ha with dbh >16 cm).
Only one avalanche occurred on a 48° slope
(slope class 45-50°) in a forest with 300 trees/ha
with dbh > 8 cm (225 trees/ha with d> 16 cm).

The forested areas where avalanche release
occurred showed a crown cover equal to 68%
(n=3), with a slope angle ranging from 30 to 35°
53% (n=6), with slopes of 35-40° 40% (n=4),
with slope angles of 40-45°, and 53% (n=1), with
slopes of 45-50°.

Relating to the shrubs cover, most of the
avalanches (67%) released in areas with high
shrubs cover, with a cover ranging from 40 to
80%.

3.3.2 Test areas external to release zone

Focusing on forests where avalanches did
not occur, it was possible to observe that density
of 680 trees/ha (n=2) with dbh > 8 cm (267
trees/ha with dbh > 16 cm) fulfilled the protective
function against avalanche release on slope with
an inclination of 30-35°.

In the slope class 35-40°, it appears that a
density of 615 trees/ha (n=6), with dbh >8 cm
(370 trees/ha with dbh > 16 cm) have prevented
the avalanche detachment, while, considering
the slope ranging from 40 and 45°, the mean
density threshold was 622 trees/ha (n=3), dbh >
8 cm (358 trees/ha with dbh > 16 cm).

Where the avalanches did not occur, the
shrubs cover was lower than in the internal
plots, ranging from 20 to 40% in most of the
cases (47%).

4 DISCUSSION

At the time when most of avalanches started
within forest the avalanche danger level was
greater than 3 (87%), i.e. in occasion of high
snowpack instability especially on steep slopes
(greater than 35°).

The avalanche released mostly between the
end of the winter and the spring period, when
the average air temperature increase and con-
sequently the liquid water content of the snow
cover increases.

Half of the analyzed cases were character-
ized by shrubs coverage higher in the avalanche
release zone than in the external areas; in 55%
of the study cases shrubs presence could have
had a determinant role in reducing snowpack
stability, accelerating the kinetic metamorphism
within the snow.

The average crown cover external to the
avalanche release zones was 55% for slope
steeper than 35°, instead for the internal areas it
was about 45%. Nevertheless, the crown cover
of the external areas exceeded the value of the
release zones only in 60% of cases (even if mi-
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minimal differences were observed): this result
support the hypotheses that crown cover is not
the only factor that determines the protective
rule of a forest.

The stem density (stems/ha) seems to be
the most important factor for snowpack stabiliza-
tion: all the analyzed study cases showed lower
stem densities in the release area than in the
external one, with an average difference of
about 280 stems/ha considering dbh > 8 cm and
160 stems/ha considering dbh > 16 cm. Two
diameter thresholds were taken into account in
order to compare collected data with both
Meyer-Grass (1987) that used densities for
dbh>16 cm and Berretti et al (2006) that used
dbh > 8 cm.

In the release zones, higher density are ob-
served where the slope increases. However, a
density of 340 stems/ha with dbh > 8 cm (of
which 245 stems/ha with dbh > 16 cm) has not
assured the forest protective function where the
slope > 40°. Even 490 stems/ha are not enough
with slope > 40°.

Visible traces and information about past re-
leases are not observed in external avalanche
areas, therefore it is possible to infer that a for-
est with these structural characteristics has
been able to prevent avalanches release
(Tab.1).

Basal diameter > 8 cm Basal diameter > 16 cm

Slope Slope Slope Slope Slope Slope
<35°  35°-40°  >40° <35°  35°40°  >40°

Deciduous

3 1104 572 395 326 365 328
conifers

Deciduous
+evergreen 825 256 / 525 208 /
conifers

Evergreen /

: 1075 / / 416
conifers

Tab.1 Values of stem density and trees compo-
sition of the external avalanche areas.

The observed characteristics of the forest
outside the historical release zones are con-
firmed by literature values only in 60% of our
cases, probably because literature data are
more cautious than what observed in the pre-
sent work.

5 CONCLUSION AND FURTHER
WORKS

Considering the non negligible number of
avalanches characterized by a starting zone
located within forested areas, future studies are
necessary in order to analyze the complex rela-
tion that might exist between forest and ground
cover with the site morphology and snowpack
characteristics.
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It is evident that a single factor (such as tree
composition, crown cover, density) is not able to
describe the protective role of a forest by itself.

Only a continuous research finalized to build
a database of avalanches that released within
forests, can increase the knowledge related to
the forest stabilization effect on snowpack. Such
research would provide basis for applying a cor-
rect and sustainable silvicultural management, if
possible and with due caution, in substitution of
permanent defense structures..
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