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Abstract: In March of 2005, a series of snow avalanches of varying magnitudes were produced in the Fagaras massif
(Southern Carpathians - Romanian Carpathians), affecting especially forestlands and roads. In this study, the snow
avalanches which we will focus upon were produced in the Doamnei glacial valley. These snow avalanche were part
of a series produced in this area, affecting a surface area of approximately 5.9 ha with a subalpine starting zone level
at an altitude of 1950 meters and a runout zone of approximately 1420 m. Along its path, this avalanche destroyed
approximately 3 ha of mature spruce fir forest situated between 1420 and 1640 m of elevation. The scope of this
research is to evaluate this snow avalanche both of physico-geographical and also of environmental point of view,
using the terrain factors and climate variables, the geomorphic and vegetative indicators. To do this, we made use
of dendrochronological method to analyze 42 samples. Using this approach, we were able to calculate the age of
the trees affected by snow avalanches throughout the track zone and runout zone, thus establishing the age of the
forest.
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1. INTRODUCTION

The aim of this study is the study of huge
snow avalanche, like disturbance of high mountain
landscape produced in the Doamnei glacial valley
from Fagaras massif (Southern Carpathians-
Romanian Carpathians) in March 2005. The snow
avalanches can be analyzed both in terms of
physico-geographical and environmental.

Currently there are several main directions of
research approaches the snow avalanches from a
physico-geographical  perspective. The snow
avalanches demonstrate a very active geomorphic
process by its role in the present shaping of relief
and contribute to permanently slope denudation in
high mountain areas (Gardner, 1970; Peev, 1966;
Rapp, 1960; Luckman, 1977, 1978, 2007) and by
transporting and redistributing debris at the exit area
of the snow avalanche track or at the lap of the slope
(Jomelli & Bertran, 2001; Luckman, 1977, 1988).
From another point of view, snow avalanches are
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one of the most important natural hazards which
acting on the mountain environment and cause each
year several fatalities (Holler, 2007; Jamieson &
Stethem, 2002; Keiler, 2004; Keiler et al., 2005;
Voiculescu, 2009) and serious damages, about
human settlements and infrastructures (Fuchs et al.,
2004; Fuchs & Briindl, 2005; Fuchs et al., 2005;
Jamieson & Stethem, 2002; Stethem et al., 2003;
Voiculescu, 2009).

In the second case, of environmental topic,
snow avalanches and snow avalanche paths,
represents a form of dynamics in time and space and
are one of the major disturbances of the mountain
environment, at the subalpine level and at the
contact zone with the treeline or timberline (Bebi et
al., 2001, Kulakowski et al., 2006; Rixen et al.,
2007; Walsh et al., 1994), inducing the vertical
forest zonation patterns on the slopes (Butler, 1979).
By dynamic, features, paths, landforms and impact
snow avalanches provide increasing complexity
mountain areas, especially in its upper. The high
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mountain is defined in bioclimatic terms by alpin,
subalpine and forestry levels. Between forestry and
subalpine levels develop the Alpine Treeline or
Timberline and Alpine Treeline Ecotone (ATE),
defined as: a transition from a treed/forested
environment to a non-forested, respectively the
transition between woody subalpine plant
communities and non-woody alpine plant
communities (Butler et al., 2003; Butler et al., 2007).
These are a primarily a result of some aspect of
topographic, climatic or edaphically control (Butler
et al.,, 2007). In this context of the mountain
landscape we can understand the importance of
snow avalanche paths on the dynamics of mountain
and on Alpine Treeline and Alpine Treline Ecotone,
affecting altitudinal position and their general
features and in the same time at regional level
(Butler et al., 2003; Rixen et al., 2007; Walsh et al.,
1994; Walsh et al., 2004).

Snow avalanches play an very important role
in shaping ecosystems dynamics, cause disturbances
in mountain landscape and underlying dynamics of
forests both at local and regional level (Butler et al.,
2003; Walsh et al., 1994; Walsh et al., 2004). It
should be noted that the local disturbances,
determined by de snow avalanches: depress treeline
along elevation and moisture gradients or as a
consequence of topographic, structural and
lithologic controls of snow avalanches and their
corresponding morphometry (Walsh et al., 1994).
Also, snow avalanches play an important role in
structuring the biodiversity and forestry and in
processing matter and energy (Malanson & Butler
1986). Therefore, forestry vegetation which is in
itself a distinctive level, plays an important
functional role in protecting the environment,
against natural hazards, as snow avalanches (Bebi et
al., 2001; Schonenberger et al., 2005). Forestry
vegetation has intrinsic value as indicators of
mountain ecological conditions (Butler & Malanson,
1985a; Molina et al., 2004).

The subalpine mountain forests plays in the
Alps a role against snow avalanches (Bebi et al.,
2001) occupying about 30% of their surface
(Schonenberger et al., 2005). This is important,
because the snow avalanche paths covering more
than one quarter of subalpine forest belt in these
mountains (Rixen et al., 2007).

In Fagaras massif, the forests with a
protection role against of snow avalanches is a
functionally distinct subtype that has an 1851.1 ha
totals, representing 2.3% of the total forested area of
Fagaras massif. On the northern slope of Fagaras
massif where is located our area, it occupies 1745.9
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hectares, representing 9.4% of the total forested area
of the northern slope of Fagaras massif. Also in the
Doamnei glacial valley, the forests occupy 286.9 ha
a total area of forests with a protection role against
snow avalanches occupies 95 ha, representing 33.1%
of total forest area of the Doamnei glacial valley
(Voiculescu, 2002).

2. STUDY AREA

Our research takes place in the Fagarag massif
of the Southern Carpathians (Fig. 1). The Fagarasg
massif has a surface area of approximately 1500 km”
with slope aspects predominantly to the east and
west in both northern and the southern ranges. The
predominant altitude is between 2400-2500 m and
alpine and subalpine levels are well developed.
Likewise, the massif is characterized by a significant
glacial relief inherited also from periglacial
processes of an extensive spatial dynamic
(Voiculescu, 2002).

In March of 2005, a huge snow avalanche in
Doamnei glacial valley was researched in depth. It is
placed on the northern slope of the Fagaras massif,
longitudinally placed on north-south direction
(Figure 2). In the upper part it is dominated by two
peaks that reach 2400 m. Doamnei glacial valley has
two glacial cirques: the first is suspended at 2200 m
made of huge masses debris as well as of huge
boulders, chaotically placed, the second one had an
obsequent character shaped by the glacier.

3. MATERIAL AND METHODS

3.1. Terrain factors and climate variables.
Avalanche classification

The destructive character of the snow
avalanche in the Doamnei glacial valley were
influenced first by the accumulation of a massive
amount of snowfall in the upper part of the slope,
and second by the characteristics of the terrain;
especially the degree of declivity. If we consider that
this huge mass of subalpine snow extended over a
large surface area with high levelling, then we can
begin to understand the magnitude and velocity that
went into producing the destructive effects of these
occurrences. Terrain factors and the climate
variables play a very important role in triggering and
dynamics of snow avalanches (McClung & Shaerer,
1993; McClung, 2001) and can be used to evaluate
the magnitude and frequency of the snow avalanches
(Butler, 1986; Butler & Malanson, 1985b; McClung
& Schaerer, 1993).
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Figure 1. Fagaras massif location

3.2. Geomorphic and vegetative indicators

Snow avalanches behave differently depending
on the quantity of snow, altitude, exposition, slope
length, declivity and vegetation. Snow avalanches
velocities and impact pressures can be estimated using
geomorphic and vegetation indicators (Boucher et al.,
2003; Weir, 2002) especially since cold environment
avalanches affect trees drastically (Shroder, 1980).
Snow avalanches affect relief, soil and vegetation
which are why the most important traces are to be
found on those parts of the environment.

The geomorphic and vegetative indicators are
used successfully in assessing of snow avalanches
(Butler & Malanson, 1985a; Weir, 2002). In this
context forest structure and composition affect the
frequency and magnitude of snow avalanches in
mountain areas and the occurrence of snow
avalanches is determined by the topography of the
place and the features of the snow (Bebi et al., 2001;
Rixen et al., 2007; Weir, 2002).

3.3. Dendrocronological analysis

The use of dendrocronological method for tree
ages and year chronology opened new away of
analysis a snow avalanches, used in several studies
(Boucher et al., 2003; Butler & Sawyer, 2008;
Casteller et al., 2007; Germain et al., 2005, 2006;
Molina et al., 2004; Muntan et al.,, 2004).
Considering the scope, magnitude and frequency of
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past avalanche events in subalpine sites (Germain et
al., 2006), we limited ourselves to the date when
trees were killed as a result of tearing or uprooting
from avalanche momentum.

4. RESULTS
4.1. Terrain factors

To highlight the characteristics of the terrain
which provided a sliding surface for these snow
avalanche ~ (McClung, 2001), we conducted
morphometrical analysis on the Doamnei glacial valley
and the snow avalanche by using both the Idrisi
Kilimanjaro and ArcGIS programmes in order to create
a digital model of terrain (Fig. 2) and thematic maps
(hypsometry, declivity, aspect), according to Cherubini
et al. (2000); Ciolli et al. (1998). The hypsometric map
analysis outlines high elevation in this area, with values
over 2300-2400 m (see Fig. 2). It is easy to remark that
maximum altitude is nearly 2400 m, and minimum
over 1330 m in Doamnei glacial valley. The mean
value of study area exceeds 1900 m.

The declivity map (Fig. 3) points out the great
high degree of declivity of the study area. The
values between 1°-15° represent 17.6% (1.15 km?)
from the surface of Doamnei glacial valley. The
values between 25°-45° represent 68.1% (4.50 km®)
from the surface of Doamnei glacial valley and the
values over 45° represent 14.3% of the total area.
Slope plays a determining role snow avalanche



creation and is the primary variable in avalanche
terrain (Maggioni & Gruber, 2003; McClung &
Schaerer, 1993). Optimal slopes for snow
avalanches are between 25° and 50° (Ancey, 2001;
McClung & Schaerer, 1993). Snow layer thickness
also contributes to snow avalanche occurrences and
so the following categories have been established for

corresponding slope degrees and snow thickness: 50°
for 5 cm of snow; 30° for 15 cm of snow; 22° for 50
cm of snow (Pissart, 1987). Taking into account that
the snow avalanche was produced in spring, ,the
temperature  increase enhances stability of
snowpacks on shady slopes and instability on sunny
slopes” (Ancey, 2001; Térok-Oance et al., 2010).
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Figure 3. Doamnei glacial valley: declivity map (on the left) and aspect map (on the right).



The snow avalanche produced in the Doamnei
glacial valley had a start zone at 1950 m in the
subalpine level and had a runout zone of 1450 m (see
Fig. 3). It affected a total surface area of 5.9 ha; out of
which 2.8 ha are in the subalpine level, capturing
between 1950 - 1690 m (timberline) and
approximately 3 ha of forest, ranging between 1690
and 1450 m. The remaining 0.4 ha was in the
Doamnei glacial valley.

Any sliding surface along which the avalanche
was made presents longitudinal morphology or three
major morphological units: the starting zone (or
source area where the snow avalanche initiate and
accelerate), the track zone (where the snow avalanche
reach maximum velocity) and the runout zone (where
the snow avalanche decelerate and leave depositions)
(Muntan et al., 2004; Walsh et al., 2004) (Fig. 4).

In this case, the starting zone is on leeside
slopes which accumulate snow by drifting (Rapp,
1960). Declivity is contained between 26° and 30°.
Optimal slopes in starting zone are between 25° and
45° or 50°, very important for snow avalanche activity
(Luckman, 1977, 1978). The starting zone overlaps
the entire subalpine level that is characterized by
grasses, small herbaceous plants, shrubs, Pinus mugo
bushes and small rock outcrops.

The track zone has an open slope character
with large disruptions in the transverse profile and
with average slope angles between 25° and 50°. The
track zone overlaps forest which is predominantly
constituted by fir trees, and which also has a few
exposed rock faces and unconsolidated rock deposits
which could provide a source for rockfall, rockslide
or debris falls after the avalanche.

The snow avalanche runout zone is found on
an open slope and has a declivity between 10° and
12°. The runout zone overlaps the lower part of the
forest on the right slope of the Doamnei glacial
valley. In this context, the longitudinal profile made
along the slope surface reveals the characteristic
sectors, slope declivity and the length of the
previously shown sectors. In order to show the open

slope characteristic of the avalanche track, four
transversal sector profiles were made within the
characteristic sectors as follows (Figure 5).

4.2. Climate variables

Romania is in the temperate-continental
climate zone which is characterized by marked
snowfalls and snow avalanches when near maritime
and transitional zones (Birkeland & Mock, 2001). As
a function of its geographic position, many types of
climate influences can be identified on the Romanian
territory. For example, the northern slope of the
Fagaras massif, where Doamnei glacial valley can be
found, is under an influence of the humid oceanic
western wind and the southern slope of the Fagarag
massif is under the influence of the southern front of
wind. As such, the regional climate also determines
the mode of avalanche manifestation with a powerful
influence from solar radiation, temperature, and
snowfall quantity and type (McClung & Schaerer,
1993; Weir, 2002).

The features of the alpine climate of the Fagaras
massif (Table 1) are registered at the meteorological
station at Balea Lake, situated on the northern slope at
an altitude of 2070 m in the glacial cirque of Balea
Lake. At the altitude of the meteorological station at
Balea Lake, average temperature is 0.2°C.

The isotherm of 0°C is situated at the altitude
of 2050 m (Voiculescu, 2002). Snow avalanches are a
response to climate variations whenever they appear
at altitudes that reach near the isotherm of 0°C
(Germain et al., 2006). An example of this is the snow
avalanche in Doamnei glacial valley which had a start
zone situated approximately at an altitude of 1950 m.
In subalpine and alpine levels of the Fagaras Massif,
between 1600 - 1700 m and 2200 - 2300 m
respectively, with the highest ridges between 2200
and 2300 m, the annual number of days with snow
and the annual number of days with rain are favorable
to solid precipitations when values are between 1.26
and 1.50 (Voiculescu, 2002).
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Figure 4. The major characteristic sectors of the track snow avalanche.
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Table 1. The climate features of the Fagarag massif (average annual values).
Weaher | Lat | Long NS pp | AR | Days [Dayswith [ Depthof | Sumy days
station (m) N E. Amn. | Min. | Max. | (mm) urf)n ty | Wi Snow Snow while there 18
(%) snow cover (cm) SNOW cover
Balea Lake-2070| 45°36° | 24°37° | 02 | -84 | 88 | 12462 83 >96 >224 664 45-50
250 250 1 Y=2.1924x +46.012
200 7'\ E 200 R?=0.8498 - /.
150 / \ E 150 /
[=3
o / \ 3 100 s /
100 3 _./
50 /'—./‘( \ o %0 L =
./ . J \- 0 T T T T 1
month | O [N | D |J]F|M|[A|m 0 20 40 60 80 100
= frequency | 6 5 (20| 1 |66 | 78 [20 | 1 frequency of avalanches
—=—snowdepth| 27 | 72 | 71 | 80 | 218 [ 193 [ 118 | 21

In March, 2005 there were variations in the
thickness of the snow layer due to the quantity of
snowfall, but also to the powerful winds which stirred
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Figure 6. The variation in snow layer thickness and the frequency of snow avalanches in Balea glacial valley (on the left)
and relationship between the snow layer thickness and snow avalanche frequency in Balea glacial valley (on the righ).

up and redistributed the snow. Between March 5 - 6
and 9 - 10, snow depth grew by more than 20 ¢cm for
each period. On March 10th, the thickest snow layer



for the whole month was recorded at 281 cm.

The wind is a factor which strongly influences
the stability of snowpack (Ancey, 2001, McClung &
Schaerer, 1993). Between March 15 and 20, a strong
wind, predominantly from the East - West direction,
formed cornices of large dimensions along the
ridges. Strong winds play a powerful role in snow
avalanche formation and are an implicit part of
avalanche activity (Gardner, 1970; Meister, 1989).

The starting zone of the snow avalanche in
Doamnei glacial valley can be included in the wind
index 5 based on a subalpine start zone with ridges
dominated by steep cliffs, but also in consideration
of the snow avalanche start zone wind exposure
ranking. Schaerer (1972) describes this ranking as a
“start zone on the lee side of a broad, rounded ridge
or open area where large amounts of snow can be
picked up by the wind”. Snow avalanches activity
has noticeably grown, and when snow avalanches
triggering conditions are met, snowpack thickness is
regarded as a causal variable in snow avalanches
production (Birkeland & Mock, 2001). The positive
relationship between snow layer thickness and the
frequency of snow avalanches has been well
established. A good example of this relationship has
been documented in Balea glacial valley (where is
situated the meteorological station), the wvalley
parallel with Doamnei glacial valley, where snow
avalanches activity is also significant (Fig. 6).

Likewise, the maximum temperature of the air
was slightly positive and so between March 23 and
28, at Balea Lake, when registered air temperatures
were relatively high, the subsequent snowfall was
deposited into a layer of wet and heavy snow
(National Meteorological Administration, 2004-
2005). In this climatologically context, on the
foundation of a significant quantity of snow, powerful
winds and with snow cornices already formed, the
avalanche in Doamnei glacial valley was produced
during the third week of the month of March, 2005.

4.3. Snow avalanche classification

Taking into account the definitions of snow
avalanche tracks (Suffling, 1993) and the snow
avalanche from Doamnei glacial valley had the track
zone in subalpine level (between 1950 and 1640 m)
and in the same time in forestry level (between 1650
and 1420) we consider that its paths: is a nonforested
strip of meadow, rocky ground, willow shrubs (Salix
spp.) or similar vegetation, running vertically through
the forest of a mountain valley side, and which is
caused by avalanches” (Suffling, 1993, pp. 128).

To identify the effects of snow avalanches on

trees it is necessary to know some of the

characteristics of a snow avalanche; its velocity,
type of surface (confined or nonconfined), type of
snow, and its frequency (Burrows & Burrows, 1976).

We shall also analyse altitude classification
which are important in the present study. The snow
avalanche of the Doamnei glacial valley is classified
as a medium-high mountain snow avalanche because
of the subalpine starting zone and track and runout
zones in forest sites. From point of view of
morphology of path, the snow avalanche of the
Doamnei glacial valley was open flat track or
unconfined avalanche (Quinn & Phillips, 2000) or
open slope (McClung & Schaerer, 1993).

The snow avalanche was diffuse, according to
Burrows & Burrows classification (1976), due to the
existence of densely wooded slopes, with Pinus
mugo in the upper region and with Picea alba in the
middle and lower regions.

Bringing into discussion other classification
criteria such as sliding surface, state of humidity,
forms of movement and triggering factors (de
Quervain, 1966a), we can designate the snow
avalanche in Doamnei glacial valley as within snow
cover avalanche, wet snow avalanche, sliding
avalanche, spontaneous avalanche and also a natural
triggering avalanche.

Taking into account weather factors, the
avalanche can be classified as fresh snow avalanche
(de Quervain, 1966b) or as a direct action snow
avalanche (Capello, 1973; Lachapelle, 1966)
considering the fact that it was produced soon after a
huge snow fall. Likewise, if we consider the month
or season when it was produced, then the snow
avalanche can be characterized as typical to the
spring season (Luckman, 1977).

On the other hand, snow climate
classification, and implicitly snow avalanche
classification, depends on climate parameters.

Methodology of classification by Mock &
Birkeland (2000) wuses the principle climate
parameters, mean air temperature, total rainfall, total
snowfall, total snow water equivalent and a derived
average December snow pack temperature gradient
to characterize the local climate in the period
between December-March. Due to this, Héigeli &
McClung (2004), discuss a new classification
described as an avalanche winter regime. From this
perspective, we can consider the snow avalanche in
Doamnei glacial valley as part of this category.

44. Analysis of Geomorphic and Vegetation
Indicators

The geomorphic indicators are determined by
many more elements of analysis (Weir, 2002): the
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length of bed surface; general slope of the bed surface;
declivity of the sectors; the degree of covering and
fixing of the surface with grassy or forest vegetation.

The vegetation indicators are determined by
more elements such as (Weir, 2002): the type of
vegetation, grass or forest; the structure of the forest;
the height and constitution of the forest; the degree
of covering within the 3 major morphological units
of any sliding surface.

Field research began with considerations of
the degree of vegetation cover (forest, bushes and
pastures) and the presence of some geomorphologic
shapes used to make an identity record (Table 2).

The effects the snow avalanches formed on
vegetation and relief will be specified later in the
section on avalanche site identification. Field research
data can be found in the table below (Table 3). The
runout zone, where the whole mass of snow, earth,
stones, boulders and any wooden materials is
transported and deposited, is also a site of
considerable impact.

4.4.1. Geomorphic indicators

A snow avalanche is a very important
geomorphic agent, with several effects on the
mountain landscape serving to produce characteristic
landforms (Jomelli, 1999; Luckman, 1977, 1978,
1992). The most suggestive geomorphic indicators
from the track zone are represented by rocks in
microshistes cristalines of different sizes, detached
and rolled down slope, in debris flows, such as
cones, and in forest soil removal (Figure 7).

. A =
Figure 7. Cobbles, boulders and blocks of different sizes
and debris rolled down slope in the track zone (on the
left), erossive processes (on the central) and snow
avalanche deposit in the track zone (on the right)

(photos by Voiculescu, 2005).

Table 2. The analysed surface cover of the Doamnei glacial valley
(percent of total area in each component of avalanche path) is according to Weir (2002)

Start zone Track zone Runout zone
Dense timber no mostly partially
Scattered timber no no scattered
Brush above 2 m yes scattered no
Brush under 2 m yes scattered no
Grass and shrubs yes scattered no
Large blocks and boulder > 1 m in height no yes no
Blocks and boulder < 256 mm diameter (b axis) no yes yes
Rubble 2-256 mm diameter (b axis) no yes yes
Bedrock (relatively smooth) no yes yes

Table 3. The analysed field evidence of avalanche activity in the Doamnei glacial valley is according to Weir (2002)

A. Normal erect vegetation for site is Start zone Track zone Runout zone
Missing no no no
Unusually sparse and scattered no no yes
Replaced by other species no no no
Broken off near ground no yes yes
Pushed over but not broken yes yes yes
B. Damage to standing trees and brush

Entire plant bent or deformed no yes yes
Tops broken out yes no yes
Limbs, twings or needles missing yes yes yes
Trunks or tree limbs scarred no yes yes
C. Debris and Colluvium

Snow abnormally deep or persistent yes no yes
Tree trunks, limbs in debris no yes yes
Branche, needles, brush no yes yes
Cooluvium as cones or mounds no yes yes
Other debris (specify) - - -
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In the sectors affected in the track zone,
erosive processes occurred later and they were
identified as extending along the slope at a length of
20-30 m, as seen in figure 7. In areas affected by the
snow avalanche, erosive processes were initiated
which later affected soil cover with variably high
and low amplitudes. It should be mentioned that in
the runout zone, a mixture of materials from
vegetation (twigs, branches, broken tree trunks) with
earth, stones and boulders of small sizes, determine
the occurrence of slush avalanches (see Figure 7).
The most snow avalanche impacts are in the track
zone area, particularly when forests are damaged.

4.4.2. Vegetative indicators

Considering that the snow avalanche was
produced in an area high in vegetation cover
(pastures and bushes of Pinus mugo in the subalpine
level of compact forest and Picea alba in the forest
level), there is the highest frequency of vegetation
indicators in our sample. The characteristics of the
vegetation can be used for analysis of snow
avalanche frequency (Ives et al., 1976). Anomalies
found in trees are very informative about snow
avalanche impacts, as well as what information can
be provided by plants (Burrows & Burrows, 1976;
Freer & Schaerer, 1980). It should be mentioned that
tilting, scarring and breakage are recognized as
vegetation indicators of snow avalanche return
period or frequency (Burrows & Burrows, 1976;
Butler & Malanson, 1985a; Weir, 2002). Most
indicators identified in the track zone were very
suggestive of snow avalanche activity (Figure 8).

For example, on the edges of the snow
avalanche sliding surface, evidence of the most
recent disturbance could be ascertained from the
tilting of the trunks of some mature trees (those of
about 15-20 m).

Figure 8. Tree trunk shape in the track zone, an indicator
of snow avalanche impact (on the left), uprooted trees
rolled in the runout zone (on the central) and broken and
split trees in the track zone (on the right)

(photos by Voiculescu, 2005)

Other examples of research using this
indicator are Burrows & Burrows (1976) and
Schroder (1980). Tilting represents a very effective

vegetation indicator with which to determine the
year of snow avalanche activity (Butler, 1987). This
is particularly clear when tilting is severe (Shroder,
1980). Corrasion or ripping of bark from the trunk of
a tree also represents a type of vegetative indicator
used for determining the year of snow avalanche
impact (Burrows & Burrows, 1976; Butler, 1979). In
the superior part, but also in the median part of the
track zone, trees suffered the most peculiar impacts
from the force of the snow mass but also because of
its speed. Some of the trees which were 15-18 m
high were torn from their roots; violently uprooted,
others were rolled or fouled up in the runout zone
(see Figure 8). Whilst still others were simply torn in
the lower part of their trunks (see Fig. 8). This
reveals an impact pressure of 50-100 kPa or
approximately 5-10 t/m* (Weir, 2002). As is
mentioned in the literature (Burrows & Burrows,
1976), snow avalanche velocities and impact
pressures can be estimated from the characteristics
of breakage observed in the trees. In some situations,
trees were broken 2-3 m from the root and others
were split in two (Fig. 9).

Figure 9. Tree broken 2 m from its roots in the track zone
(on the left), impact scars from entrained vegetal material
in the runout zone (on the central) and tree measurements
showing the magnitude of snow avalanche in the lower
part of the track zone (on the right)
(photos by Voiculescu, 2005 and Vuia 2005)

At the edge of the avalanche bed, but also in
the lower part of the track zone, we identified
wooden material (twigs, branches) at the base of
standing trees which was transported and deposited
by the snow avalanche. In the structure of the
deposit we identified, Pinus mugo branches, specific
to the start zone, as well as twigs and branches of
Picea alba, specific to the track zone (see Fig. 9).

In the lower part of the track zone, a few
situations were identified in which tall trees (12-13-
15m) were broken at a level 7 m above the surface of
snow avalanche movement. This fact demonstrates the
impact force of the huge amount of snow involved.
This is an example of longitudinal morphology
associated with snow avalanche activity and is a
demonstration of the magnitude of impacts resulting
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from the destructive capacity of snow avalanches
(Burrows and Burrows, 1976). Two examples from our
research, which were particularly illustrative of this,
are a tree broken at 7.40 m and at 7.10 m by sinusoidal
propagating of waves of the impact shock in the tree
trunk (Stoffel, 2009) (see Fig. 9).

4.5. Tree age

In order to establish the age of these trees, we
analyzed the number and distribution of rings
grown. Using 42 samples made up of cross and
transverse sections, from trees affected by the snow
avalanche and from trees unaffected by the snow
avalanche in a stable forest, we codified using
DMN, in consecutive order from DMNO1 to
DMNO042. In order to date the samples, we used the
CAROTAZ2.1 programme (Popa, 1999, 2004), shown
with add-ins for Microsoft Excel.

Statistics were calculated with analysis of the
annual rings at a precision of 0.01 mm. After
counting the growth rings, we determined that the
age of the trees affected by the snow avalanche but
also of those in the stable forest spanned a range
between 90 and 129 years (respectively samples
DMNO03 and DMNO04 (Fig. 10).

On the other hand, the variability of snow cover
depends on topography, climate, vegetation and forest
area (Kiistek et al., 2011). In our case, use especially
the terrain factors, according to Salm et al., (1990) we
calculate the snow avalanche dimensions (Table 4).

Table 4. The values of snow avalanche dimensions

Huge snow avalanche, open slope

& (turbulent friction factor) = 1000 m/s” (uniform
slope, low roughness, low confined),
tgy = 10/30 = 0.33, p (solid friction factor) =
0.155 (huge snow avalanche,
elevation > 1300 m, snow depth > 2 m)

Starting zone dimensions are:
elevation between 1950-2000 m;
width between 100 - 150 m;
average declivity is 26.2°

Snow depth:

d," - value which depends on local climate and
depending on snowfall for 3 consecutive days and the
return period=1.60, T=300 years
(wind influence);
fy)=15in26.2°)=0291/sin 26.2°-0202%c0s 26.2°=1.11°
(small angles lead to a long return period)
where () is angle factor
d,=1.60%1.21=1.93 (value that is calculated the return
period: between 100 - 300 years)
where d, is average snow depth of snow flow

The sample rings DMNO3
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Snow volume of starting zone:

V, (m/s)=1.21x1000(sin26.2° - 0.155x)]">=16.38 m/s
where V, is speed of snow on starting zone
Q=180x%1.93x16.38=5590.41 m’/s
where Q is snow volume
V, = [(5690.41/120) x1000(sin26°-0.155%c0s26°)]"* =
24.20 m/s
where V, is speed of snow avalanche

Figure 10. Chronology of radial growth of the
sampled rings DMNO03 and DMN04

4.6. Snow avalanche rating
The research and the knowledge of snow

parameters are important for the meteorological,
climatological, geographical and ecological studies.

Speed and snow depth of runout zone:
high on d,=5690.41/(120%24.20)=1.96 m
where d, is snow depth of point of
debut of runout zone
stopping distance observed between
1480 and 1430
lenght of runout zone was approximately 140 m
where tgy is the angle between
1480 m point and 1430 m point (see fig. 4)
tgys = 50/140 = 0.35; ys = 18.4°
di=d,+(V,)/10g=1.96+(24.20)*/10g=2.45 m
where d; is average snow depth on runout zone
V=2.45x1000 (0.155%cos18.4°-sin18 4°)=240 m%/s*
S=(2.45x1000/2g)xIn (1+(24.2)*/240=154.4 m
where S is stopping distance of runout zone, approximately

equal to that observed by us in the field

5. DISCUSSION AND CONCLUSIONS

A combination of geomorphic and vegetative
indicators offers the best elements for snow
avalanche analysis in the field, particularly in
isolated areas where data access is limited.
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Geomorphic indicators are an important
means for appreciating snow avalanche activity and
for understanding its manifestation according to
mathematical parameters of the relief (length and
width of the snow avalanche sliding surface,
levelling between the start and runoff zones,
declivity and slope exposition).

The differentiated grade of the slope and the
longitudinal arrangement of materials eroded by the
snow avalanche, are indicators to recognize
landforms whose form is heavily influenced by snow
avalanches (Jomelli & Francou, 2000). On the other
hand, geomorphologic indicators establish, to a large
degree, the manner by which materials are eroded in
the starting zone and later transported and
accumulated in the runout zone (Luckman, 1992).

The study of how soil is eroded, including
torrential processes which occur during the summer
time on the track and on the affected surfaces, are
also established using geomorphic indicators.
Vegetative indicators such as species distribution,
and patterns of bent trees and destroyed trunks, show
the force of the avalanche impacts.

Specifically, vegetation indicators offer a
particularly useful instrument for determining snow
avalanche frequency (which can be discerned, for
example, by type of vegetation in the track and/or on
the slope areas affected by snow avalanche). After
examining a length of approximately 1 km of snow
avalanche zones and approximately 5 ha of
destroyed forest, we can categorize the snow
avalanche in the Doamnei glacial valley as a size 4
(after McClung & Schaerer, 1981, quoted by
Stethem et al., 2003).

Considering that the area studied was affected
by a snow avalanche for the first time in recent
history and, on the other hand, that the age of the trees,
established through the help of growth graphics, as
well as through the appearance, from place to place
of younger trees, we can characterize the affected
forest as dominated by a more mature pioneering
species of uniform age. In this context, the
frequency of snow avalanches can be placed in the
category which ranges between 30-100 years
(according to Mears, 2002, quoted by Weir, 2002).

Using the destructive potential as
established by Weir, 2002, a surface area of affected
forest which is more than 5 ha, such as the snow
avalanche in the Doamnei glacial valley, can be
included as a size 4 McClung, Schaerer’s
classification (1981, quoted by Weir, 2002). Taking
account of the fact that snow avalanches represent
one main slope process in high mountains
(Luckman, 1977) and according to terminology used
describe frequency of mountain slope hazard

(Gerath et al., 1996, quoted by Weir, 2002), as well
as the fact that ,snow avalanche frequency would
generally be rated as high or very high” (Weir, 2002,
pp. 42) we can consider the avalanche of Doamnei
glacial valley to be of high frequency with a return
period between 1/100 and 1/20 (Gerath et al., 1996,
quoted by Weir, 2002).

Using the indicators which can be observed
on trees, such as inclination, broken stems and
branches, bark abrasion and anomalies in tree rings
and other features in the track and the runout zones
which can be used to establish the magnitude and
frequency of a snow avalanche while also taking
into account the fact that high magnitude snow
avalanches are very episodic events (Germain et al.,
2006, 2008) or historical events (Ives et al., 1976).
In the same context, we should mention that if
climate change will influence both snow fall and the
thickness of the snow layer (Breiling & Charamza,
1999), as well as the distribution, frequency, type
and magnitude of snow avalanches (Stethem et al.,
2003), then its influence upon long-lasting
environmental, concerned about forest and economic
consequences (Beniston et al., 2003) will be
considerable.

ACKNOWLEDGEMENTS

The authors want to express our gratitude to Dr.
David Butler and Stephen Walsh (Department of
Geography, University of North Carolina), to Dr. Brian
Luckman (University of Western Ontario, Ontario,
Canada), for their support and for making available for us
articles of great importance that we didn’t have access to
in Romania.

At the same time, the author would like to express
his appreciation of his former colleague Florin Vuia as
well as for Dr. Ionel Popa from the Experimental Station
of Cultura Molidului, Campulung Moldovenesc, Romania
who made available the CAROTA 2.1. Program.

REFERENCES

National Meteorological Administration, 2004-2005,
Snow report, Snow season, Dynamic Meteorology,
Climatology and  Agrometeorology  Division,
Forecast and statistics working group  (Bilantul
nivologic, sezonul nivologic, Sectia de Meteorologie
Dinamica, Climatologie §i Agrometeorologie,
Grupul de Verificare a Prognozelor si Adaptare
Statistica (GVPAS), Bucuresti, 147 pp.

Ancey, C., 2001, Snow avalanches. In: Balmforth, N.,
Provenzalle, A. editor. Geomorphological Fluid
Mechanics: selected topics in geological and
geomorphological guid mechanics. Springer, Berlin,
319-338.

Bebi, P., Kienast, F. & Schonenberger, W., 2001,
Assessing structures in mountain forests as a basis

105



and
and

for investigating
protective  function,
Management, 145, 3-14.

Beniston, M., Keller, F. & Goyette, S., 2003, Snow pack
in the Swiss Alps under changing climatic
conditions: an empirical approach for climate
impacts  studies, Theoretical and  Applied
Climatology 74, 19-31.

Birkeland, W.K. & Mock, J.C., 2001, The Major Snow
Avalanche Cycle of February 1986 in the Western
United States. Natural Hazards 24, 75-95.

Boucher, D., Filion, L. & Hétu, B., 2003,
Dendrochronological reconstruction and snow
avalanche frequency in the subalpine domain of the
Hog's Back Mts, Central Gaspesie, Quebec
(Reconstitution dendrochronologique et fréquence
des grosses avalanches de neige dans un couloir
subalpin du Mont Hog’s Back, Gaspésie Centrale
(Québec)). Géographie physique et Quaternaire,
57(2-3), 159-168.

Breiling, M. & Charamza, P., 1999, The impact of global
warming on winter tourism and skiing: a
regionalised model for Austrian snow conditions,
Regional Environmental Change 1(1), 4-14.

Burrows, C.J. & Burrows, V.L., 1976, Procedure for the
study of snow avalanche chronology using growth
layers of woody plants. University of Colorado,
Institute of Arctic and Alpine, Research Occasional
Paper, 23, 54.

Butler, R.D., 1979, Snow avalanche path terrain and
vegetation, Glacier National Park, Montana. Arctic
and Alpine Research, 11(1), 17-32.

Butler, R.D., 1986, Snow avalanche hazards in Glacier
National Park, Montana: Meteorologic and
climatologic aspects. Physical Geography 7(1), 72-
87.

Butler, R.D., 1987, Teaching General Principles and
Applications of Dendrogeomorphology. Journal of
Geological Education, 35(2), 64-71.

Butler, R.D. & Malanson, G.P., 1985a, A reconstitution
of snow avalanche characteristics in Montana,
US.A., using vegetative indicators. Journal of
Glaciology, 31(108), 185-187.

Butler, R.D. & Malanson, G.P., 1985b, Effects of Terrain
on Excessive Distance by Snow Avalanches.
Northwest Science, 66(2), 77-85.

Butler, R.D., Resler, M.L., Cerney, L.D. & Gielstra,
A.D. 2003, Ecotones in Mountain Environments:
Ilustrating Sensitive Biogeographical Boundaries
with Remotely Sensed Imagery in the Geography
Classroom, Geocarto International, 18(3), 1-10.

Butler, R.D., Malanson, G.P., Walsh, L.S., Fagre, B.D.,
2007, Influences of geomorphology and geology on

the forests'
Forest

dynamics
Ecology

alpine treeline in the American West-more
important than climatic influences?, Physical
Geography, 28(5), 434-450.

Butler, R.D. & Sawyer C.F., 2008,

Dendrogeomorphology and high-magnitude snow
avalanches: a review and case study. Natural
Hazards Earth Syst. Sci., 8, 303-3009.

Capello, C. F., 1973, The issue of snow avalanches (Il
problema delle valanghe). Bollettino Societa
Geografica Italiana, Suppl., vol. II, 10, 265-296. (in
Italian).

Casteller, A., Veronika Stockli, V., Villalba, R. &
Mayer, C.A., 2007, An  Evaluation of
Dendroecological Indicators of Snow Avalanches in
the Swiss Alps, Arctic, Antarctic and Alpine
Research, 39(2), 218-228.

Cherubini, P., Ciolli, M, Comunello, G. & Zatelli, P.,
2000, Using GIS and dendrochronological
techniques in study of the avalanche risk areas
(Impiego di tecniche GIS e di dendrocronologia
applicata per lo studio delle zone potenzialmente
esposte al rischio di valanghe). Proceedings of 4th
ASITA Conference, Genova, October 2000, 1, 581-
586. (in Italian).

Ciolli, M., Tabarelli, S. & Zatelli, P., 1998, 3D Spatial
data integration for avalanche risk management,
ISPRS 1V, Symposium on GIS-Between Visions
and Applications, Vol. 32/4, Stuttgart, Germany,
121-127.

Freer, L.G. & Schaerer, A.P., 1980, Snow-avalanche
hazard zoning in British Columbia, Canada. Journal
of Glaciology, 26(94), 345-354.

Fuchs, S., Briindl, M. & Stotter, J. 2004, Development of
avalanche risk between 1950 and 2000 in the
Municipality of Davos, Switzerland, Natural
Hazards and Earth System Sciences 4, 263-275.

Fuchs, S. & Briindl, M. 2005, Damage Potential and
Losses Resulting from Snow Avalanches in
Settlements of the Canton of Grisons, Switzerland,
Natural Hazards 34, 53-69.

Fuchs, S., Keiler, M., Zischg, A. & Briindl, M. 2005, The
long-term  development of avalanche risk in
settlements considering the temporal variability of
damage potential, Natural Hazards and Earth
System Sciences, 5, 893-901.

Gardner, J., 1970, Geomorphic significance of avalanche
in the Lake Louise Area, Alberta, Canada. Arctic
and Alpine Research, 2(2), 135-144.

Germain, D., Filion, Louise, & Hétu, B., 2005, Snow
avalanche activity — after fire and logging
disturbance, northern Gaspé Peninsula, Quebec,
Canada. Canadian Journal of Earth Sciences 42,
2103-2116.

Germain, D., Filion, L. & Hétu, B., 2006, Snow
avalanche frequency inferred from treering in a
changing climate, Chic-Choc range, eastern
Canada. Analele Universitatii de Vest din
Timigoara, GEOGRAFIE, XVI, 7-34.

Higeli, P. & McClung, D.M., 2004, Avalanche winter
regimes - a system for describing avalanche activity
characteristics. Published in Avalanche News, 71:
3844.

Holler, P., 2007, Avalanche hazards and mitigation in
Austria: a review. Natural Hazards 43, 81-101.

Jamieson, B. & Stethem, C., 2002, Snow Avalanche
Hazards and Management in Canada: Challenges
and Progress, Natural Hazards 26, 35-53.

106



Jomelli, V., 1999, Avalanche deposits in the French Alps:
geometry, sedimentology and geodynamic since the
Little Ice Age (Dépdts d'avalanches dans les Alpes
Frangaises:  géométrie,  sédimentologie et
géodynamique depuis le petit dge glaciaire).
Géographie physique et Quaternaire, 53(2), 1-19. (in
French).

Jomelli, V. & Bertran, P., 2001, Wet snow avalanche
deposits in the French Alps: structure and
sedimentology. Geografiska Annaler, 83 A(1-2), 15-
28.

Keiler, M. 2004, Development of the Damage Potential
Resulting from Avalanche Risk in the Period 1995-
2000, Case study Galtiir, Nat Hazards Earth Syst
Sci., 4, 249-256.

Keiler, M., Zischg, A., Fuchs, S., Hama, M. & Stotter, J.
2005, Avalanche related damage potential -
changes of persons and mobile values since the mid-
twentieth century, case study Galtiir. Nat Hazards
Earth Syst Sci. 5, 49-58.

Kfistek, S., Holusa, J., Urbaiicova, N., Trombik, J. &
Drapela, K. 2011, Expeditionary measurements of
snow in extensively forested carpathian mountains:
evaluating parameters variability, Carpathian Journal
of Earth and Environmental Sciences, 6 (2), 45-58.

Kulakowski, D., Rixen, C. & Bebi, P. 2006, Changes in
forest structure and in the relative importance of
climatic stress as a result of suppression of
avalanche disturbances, Forest Ecology and
Management, Vol. 223, Issues 1-3, 66-74.

Ives, J.D., Mears, A.l.,, Carrara, P.E. & Bovis, M.J.,
1976, Natural hazards in mountain Colorado.
Annals Assoc. Am. Geographers, 66(1), 129-144.

Lachapelle, E., 1966, Avalanche forecasting-modern
synthesis, In: International Symposium on Scientific
Aspects of Snow and Ice Avalanches, Reports and
Discussions, International Union of Geodesy and
Geophysics, International Association of Scientific
Hydrology, Publication No 69 de I’AIHS,
Gentbrugge (Belgique), 350-356.

Luckman, B.H., 1977, The geomorphic activity of snow
avalanches. Geografiska Annaler, 59 A(1-2), 31-48.

Luckman, B.H., 1978, Geomorphic Work of Snow
Avalanches in the Canadian Rocky Mountains.
Arctic and Alpine Research, 10 (2), 261-276.

Luckman, B.H., 1988, Debris accumulation patterns on
talus slope in Surprise Valley, Alberta. Géographie
physique et Quaternaire, 42(3), 247-278.

Luckman, B.H., 1992, Debris flow and snow avalanche
landforms in the Lairig Ghru Cairngorm mountains,
Scotland. Geografiska Annaler, 74A, 109-121.

Luckman, B.H., 2007, Talus slope, in: Scott Elias, editor,
Encyclopedia of Quaternary Science, Elsevier, 3,
2243-2249.

Malanson, G., P. & Butler, D., R., 1986, Floristic patterns
on avalanche paths in the Northern Rocky
Mountains, U.S.A. Physical Geography, 7(3), 231-
238.

Maggioni, M. & Gruber, U., 2003, The influence of
topographic parameters on avalanche release

dimension and frequency. Cold Regions Science
and Technology 37, 407-419.

McClung, D.M., 2001, Characteristics of terrain, snow
supply and forest cover for avalanche initiation
caused by logging. Annals of Glaciology, 32, 223-
229.

McClung, D.M. & Schaerer, P., 1993, The avalanche
handbook, The Mountaineers, Seattles, USA, 271.

Meister, R., 1989, Influence of strong winds on snow
distribution and avalanche activity. Annals of
Glaciology 13, 195-201.

Mock, C. & Birkeland, W.K., 2000, Snow avalanche
climatology of the Western United States Mountain
Rangers. Bulletin of American Meteorological
Society, 81(10), 2367-2390.

Molina, R., Muntan, E., Andreu, L., Furdada, G., Oller,
P., Guttiérez, E., Matinez, P. & Vilaplana, M.,J.,
2004, Using vegetation to characterize the
avalanche of Canal del Roc Roig,Vall de Nuria,
eastern Pyrenees, Spain. Annals of Glaciology, 38,
159-165.

Muntan, E., Andreu, L., Oller, P., Gutie, E. &
Martinez, P., 2004, Dendrochronological study of
the Canal del Roc Roig avalanche path: first results
of the Aludex project in the Pyrenees. Annals of
Glaciology 38, 173-179.

Quervain de R. M., 1966a, Problems of avalanche
research (Introductory lecture), In: International
Symposium on Scientific Aspects of Snow and Ice
Avalanches, Reports and Discussions, International
Union of Geodesy and Geophysics, International
Association of Scientific Hydrology, Publication No
69 de I’AIHS, Gentbrugge (Belgique), 14-22.

Quervain de R. M., 1966b, On avalanche classification, a
further contribution, In: International Symposium
on Scientific Aspects of Snow and Ice Avalanches,
Reports and Discussions, International Union of
Geodesy and Geophysics, International Association
of Scientific Hydrology, Publication No 69 de
I’ AIHS, Gentbrugge (Belgique), 410-417.

Quinn, M. S. & Phillips, J., 2000, Avalanche paths in
TFL14: Inventory, Description, Classification and
Management, Final Report to Crestbrook Forest
Industrie Inc., Faculty of Environmental Design,
University of Calgary, 137.

Peev, C. D., 1966, Geomorphic activity of snow avalanche,
In: International Symposium on Scientific Aspects
of Snow and Ice Avalanches, Reports and
Discussions, International Union of Geodesy and
Geophysics, International Association of Scientific
Hydrology, Publication No 69 de I’AIHS,
Gentbrugge (Belgique), 357-368.

Pissart, A., 1987, Periglacial  geomorphology
(Géomorphologie périglaciaire). Textes des legons
de la Chaire Francqui belge, Belgische
FRANQUIL, Leerstoel, 135. (in French).

Popa, 1., 1999, Useful digital applications in forestry
research. CAROTA and PROARB sofiwares
(Aplicatii informatice utile in cercetarea silvica.
Programul CAROTA si programul PROARB).

107



Revista Padurilor, 2, 41-42. (In Romanian)

Popa, 1., 2004, Methodological aspects and applications of
dendrochronology (Fundamente metodologice si
aplicatii de dendrocronologie), Editura Tehnica-

Silvica, Campulung Moldovenesc, 200. (In
Romanian).

Rapp, A., 1960, Recent development of mountain slopes in
Kirkevagge  and  surroundings, Northern

Scandinavia. Geografiska Annaler 42, 65-200.

Reardon, B.A, Pederson, G.T., Caruso, C.J. & Fagre,
D.B., 2007, Spatial reconstructions  and
comparisons of historic snow avalanche frequency
and extent using tree-rings in Glacier National
Park, Montana, USA. Arctic, Antarctic, and Alpine
Research, 40(1)148-160.

Rixen, C, Haag, S., Kulakowski, D. & Bebi, P. 2007,

Natural avalanche disturbance shapes plant

diversity and species composition in subalpine

forest belt, Journal of Vegetation Science 18, 735-

742.

B., Burkard, A. & Gubler, H.U., 1990,
Berechnung von Fliesslawinen. Eine Anleitung fiir
den Praktiker mit Beispielen, Eidg. Institut fiir
Schneeund  Lawinenforschung, SLF, Davos,
traduction de Ancey, C. (1992), 43.

Schaerer, P.A., 1972, Terrain and vegetation of snow
avalanche sites at Rogers Pass, British Columbia,
In:  Mountain Geomorphology, edited by:
Slaymaker, O. and McPherson, H. J., Vancouver,
BC, Tantalus Research Ltd., 215-222.

Schonenberger, W., Noack, A. & Thee, A., 2005, Effect
of timber removal from windthrow slopes on the risk
of snow avalanches and rockfall. Forest Ecology
and Management 213, 197-208.

Shroder, J. Jr., 1980, Dendrogeomorphology: review and
new technique of tree-ring dating. Progress in
Physical Geography 4(1), 161-188.

Stethem, C., Jamieson, B., Liverman, D., Germain, D.
& Walker, S., 2003, Snow Avalanche Hazard in

Salm,

Received at: 01. 02. 2011

Revised at: 23. 09.2011

Accepted for publication at: 30. 09. 2011
Published online at: 05. 10. 2011

Canada - a Review. Natural Hazards 28, 487-515.

Stoffel, M., 2009, The history of natural hazards in the tree
rings (L histoire des dangers naturels se lit dans les
cernes  des  arbres), Panorama de la
dendrochronologie en France, Collection Edztem,
Numéro 11, 91-98. (in French).

Suffling, R., 1993, Induction of vertical zones in sub-
alpine valley forests by avalanche-formed fuel
breaks. Landscape Ecology, 8(2), 127-138.

Torok-Oance, M., Voiculescu, M., Ardelean, M. &
Popescu, F. 2010, The use of the digital terrain
model in analyzing the natural potential of the
Muntele Mic - Poiana Marului - Tarcu mountains
tourist area to extend and plan the ski domain,
Forum geografic. Studii si cercetari de geografie si
protectia mediului Year 9, 9, 173-180.

Voiculescu, M., 2002, Geo-ecological potential and the
study of environmental protection in the Fagaras
Mountains (Studiul potentialului geoecologic in
Masivul ~ Fagaras  si  protectia  mediului
inconjurator), Edit. Mirton, Timisoara, 375.

Voiculescu, M., 2009, Snow avalanche hazards in the
Fagaras massif (Southern Carpathians): Romanian
Carpathians-Management and perspectives, Natural
hazards, 51(3), 459-475.

Walsh, J. S., Butler, R. D., Allen, R. T. & Malanson, P.
G., 1994, Influence of Snow Patterns and Snow
Avalanches on the Alpine Treeline Ecotone. Journal
of Vegetation Science, Vol. 5, No 5, Applications of
Remote Sensing and Geographic Information
Systems in Vegetation Science, 657-672.

Walsh, J. S., Weiss, J. D., Butler, R. D. & Malanson, P.
G., 2004, An Assessment of Snow Avalanche Paths
and Forest Dynamics Using lkonos Satellite Data.
Geocarto International, 19(2), 85-93;

Weir, P., 2002, Snow avalanche. Management in forested
terrain, Ministry of Forestry, Forest Science
Program, British Columbia, 190.

108



	C. Debris and Colluvium

