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Abstract

The avalanches are complex phenomena, 
the effect of some multiple factors which 
interfere in their formation and starting. An 
avalanche is an interrupting/a rupture of a 
balance which put in movement the sliding of 
a quantity of snow. The balance rupture may 
be of climatic or mechanic order (the effects 
of the weight, of the overcharging). There 
are present in the mountainous space in the 
Carpathians (generally above the superior 
limit of the forest). They have a special 
importance in modeling and dynamic of the 
unprotected slopes of vegetation, situated 
above the superior limit of the forests. The 
avalanches are also produced following 
some torrents, being concentrated on the 
torrential channels of these, similar situation 
to Tatra and Alps Mounts. The morphologic 
action of the avalanches depends on the 
avalanche type that vary in function of speed, 
acceleration, weight, pressure. The majority 
of the avalanche passage ways have lengths 
of about 1 km, complex profiles being 
influenced by lithology, structure, tectonics, 
gradient, exposition and anthropic activity. 
 Evaluation and control of these 
avalanches would bring arguments in the favor 
or detriment/disadvantage of the organization 
and administration of the mountainous space 
from carpathian and specially from Fagaras 
and Piatra Craiului Mountains.

Key words: avalanche, geomorphic risk, morphodynamic 
potential, Fagaras Mountains, Piatra Craiului Mountains

Methodology 
In order to identify the areas affected by 

avalanches satellite imagery, ortophotoplans, 
aerial photographs, topographic maps of various 
scales, tourist maps and terrestrial photos have 
been used. In addition, field investigations have 
been undertaken in different periods of the year 
with the purpose of observing the presence and 
development degree of avalanche chutes and 
deposits.
The study has taken into account all 

environmental components (terrain features, 
climate, river network, vegetation and soil), 
but a special attention has been given to slope 
morphology and the existing avalanche chutes 
(size, gradient, shape of the long and cross 
profiles), as well as to the morphometric data 
provided by topographic maps. At the same 
time, we have analyzed the conditions for snow 
layer accumulation, the local topoclimates, 
the distribution and types of vegetal cover, 
the scars left behind by previous avalanches, 
the presence of tourist tracks, and the number 
of tourists that use them in winter and spring. 
Besides, we have collected information from 
the Mountain Rescue Services based in Pitesti, 
Curtea de Arges, Zarnesti and Campulung, 
from the Administration of the Piatra Craiului 
National Park and the forestry services in the 
area, as well as from chalet keepers, NGO 
members, climbers and rangers. 
The maps have been developed through GIS 

techniques according to the existing literature 
(Hervas, 2003; Ludkvist, 2005; McClung, 
Schaerer, 1993; Pietri, 1993; Voiculescu, 
2002, 2004). First of all, we have processed 
the information at our disposal and developed 
geological maps (lithology and geological 
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structure), morphometric maps (hypsometry, 
slope gradient, slope aspect, degree of 
dissection, orography), general and special 
morphology maps, climatic maps (precipitation, 
temperatures), vegetation maps (altitudinal 
zoning, vegetal associations), soil maps and 
some special maps revealing the presence of 
gelifracts and morphodynamic tendencies.
In the end, the areas that fulfill the best 

conditions for avalanche occurring have been 
delimited. These have been mapped separately 
for each of the two macroslopes (eastern and 
western in the Piatra Craiului Mts., northern 
and southern for the Fagaras Massif) and for 
each slope sub-unit (fig.1). 

 

 The avalanches in the Piatra Craiului Massif
In the Piatra Craiului Massif, avalanches 

can be considered among the most important 

current geomorphological processes, together 
with gelifraction, karstification processes 
and torrentiality. Their action proves to be 
very complex. Thus, along the avalanche 
chutes erosion is extremely active, whereas 
at their lower end accumulation prevails. The 
consequences are conspicuous and give the 
landscape a particular appearance. 
The areas prone to avalanches are found on 

the two macroslopes of the Piatra Craiului, 
Pietricica and Piatra Mica massifs (in north, 
west, southwest and east), as well as along the 
gorges carved by the Prapastii, Dambovicoara 
and Dambovita streams. Such areas are 
also encountered in those places where 
anthropogenic activities have created logging 
tracks and quarries, which encourage snow 
motion down the slopes. The largest areas 
affected by avalanches lie on the western (10.5 
km2) and eastern (9 km2) sides of the Piatra 
Craiului, whereas on the Pietricica and Piatra 
Mica they have a lesser extent (Table 1).
The most important are the avalanche chutes 

developing on both sides of the main ridge, that 
is on the slopes of the Piatra Mare, Pietricica 
and Piatra Mica massifs. The differences among 
these are given by morphology, gradient, aspect 
and altitude. The chute gradient corresponds to 
land inclination and the avalanche deposits lie 
where the grade is less than 200. 
 

Table 1. The surface area of the sites prone to avalanches (km2)

Western 
slope

Eastern 
slope

Piatra 
Mica Pietricica Prapastii

Dambovi-
cioara 
gorges

Dambo-
vita 

gorges
Logging 
tracks Quarries

10.5 9 2.1 3.1 1.2 1.4 1 0.4 0.1
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On the western slope (fig. 2 B), one can note 
important differences between the northern and 
southern sections, as follows:
South of the Piscul Baciului, where the mean 

gradient of slopes is higher than 400 and the 
valleys are less deep, avalanches do not usually 
occur along these corridors. Instead, snow 
motion is more like a falling-in followed by 
its rolling to the base of the calcareous slope, 
where it piles up. Although such phenomena 
occur very often (anyway more often than in 
the north) their shaping force is rather weak, 
because superficial avalanches prevail.   
North of the Piscul Baciului, where the valleys 

carved in limestones show many narrow stretches 
in their way, the avalanches usually start from 
the catchment areas lying at the headwaters of 
the streams. From there, the sliding snow moves 
toward the valleys, but more often than not is 
stopped by the depressionary pockets hanging 
above the gorges. As a rule, small avalanches 
do not reach the base of calcareous slope; only 
the big ones manage to do that.

The eastern slope (fig. 2 A) is much more 
favorable for avalanches than the opposite side, 
due to exposition and morphology.
The central-southern section, between the 

Steghia Valley in the south and the Cheia 
Valley in the north, is the most representative, 
inasmuch as here occur the most numerous and 
typical avalanches, which affect about three-
fourths of the slope area. 
The central-northern section, between the 

Grindu Valley in the south and the Padinile 
Frumoase Valley in the north, experiences 
avalanches that travel more than 1500 m along 
the valleys. They usually pass beyond the tree 
line, finally reaching the syncline axis. 
In the north, within the Curmatura catchment, 

avalanches occur on most of the small valleys 
that scar the calcareous areas of the Piatra Mare 
and Piatra Mica massifs. However, the distance 
on which the snow is displaced is very short 
(between 100 and 300 m). 
South of the Steghia valley and as far as the 

Saua Funduri alignment avalanches travel on 
various distances, sometimes reaching even 
1000 m.
In the Piatra Mica massif, the avalanches 

occurring along the valleys that lie on the 

northern slope may travel as far as 1000 m. In 
the east, however, they do not exceed 500 m, 
whereas in southeast they barely reach 100-300 
m. As far as the Pietricica massif is concerned, 

36 37



Volume 3 Number.1 , 2011Volume 3 Number.1 , 2011 Volume 3 Number.1 , 2011Volume 3 Number.1 , 2011

avalanches advance as far as 500 m in the east 
and between 100 m and 700 m in the west.
Occasionally, small-sized natural avalanches 

may occur even within the rock quarries, 
especially when it snows heavily in the steep 
areas lying above. For instance, the avalanche 
chutes that are seen within the quarry lying 
upstream the Prapastiilor Valley are carved by 
the snow that slides down every year from the 
Piatra Mica massif. Over the time, these chutes 
have managed to breach the pine tree alignments 
meant to stabilize the slopes. 
Inside the gorges, avalanches are short and 

the snow amount set in motion is very low, 
especially on the north-facing sections of the 
Prapastiilor and Dambovicioara gorges.
Logging tracks have a high morphodynamic 

potential, because many of them follow 
torrential valleys, sometimes with incipient 
character and convex shape, as it is the case of 
that lying downstream the Prapastiilor gorges. 
The avalanches that borrow these tracks are 
atypical, inasmuch as they are encouraged 
especially by anthropogenic activity and to 
a lesser extent by natural setting. The impact 
on the environment is significant, because the 
strong erosion removes the soil blanket and 
creates new thalwegs for water and snow.

The avalanches in the Fagaras massif
In 2010, field investigations were undertaken 

in the western part of the Fagaras Mts., more 
precisely in the Avrig-Barcaciu-Negoiu area. 
Their purpose was to allow us to observe those 
areas where favorable conditions for avalanche 
formation exist. At the same time, we estimated 
the vegetation dynamics, took samples and 
measured the characteristic parameters of the 
avalanche chutes. In addition, we focused on 
the intensity of the current geomorphological 
processes in order to correlate them with 

physiographic factors. Likewise, we did our 
best to assess the risks and hazards that pose 
threats to the areas lying at lower altitudes.
The main observation site was the territory 

around the Barcaciu and Negoiu chalets, which 
lie on the northern slope. We trod all the areas 
affected by avalanches, as follows: the Raul Mic 
of Avrig, Raul Mare of Porumbacu and Topolog 
catchments, Piciorul Barcaciului, Avrigel Valley, 
Avrig’s glacial cirque and trough, Vartopu Rosu, 
Ciortea, Portita Avrigului, Garbova, Scara, 
Saua Scara, Puha Valley, Muchia Puha, Muchia 
Scarisoarei, Comaneasa Valley, Porumbacel 
Valley, Serbota Valley, Muchia Serbota, Saratii 
Valley, Muchia Tunsului and the Fagaras ridge 
between Negoiu peak and Avrig saddle.
We collected information from chalet keepers 

and Mountain Rescue team members regarding 
not only the avalanches, but also the current 
geomorphological processes and the extreme 
phenomena that may affect the tourists.
As a result, The map of land sensitivity to 

geomorphological processes (fig. 3) has been 
developed by using ARCGIS applications 
(especially those based on Reclassify and 
Map Algebra functions). This map relies on 
other cartographic representations, such as the 
hypsometric map (using the TIN method and the 
digital elevation model based on topographic 
maps of scale 1:25000), the vegetation map, the 
soil map, the slope map and the map of current 
geomorphological processes. 
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The analysis has consisted of the following 
steps: the assessment of morphodynamic 
potential by using auxiliary maps (showing 
morphometry and morphology), the mapping 
and investigation of current geomorphological 
processes (through land surveying by using 
GPS tools and techniques, the processing 
of satellite imagery and the examination of 
topographic maps) and the regionalization of 
morphodynamic factors. 
The outcome of this analysis reveals that most 

of the territory is very sensitive to torrentiality 
and avalanches. This area of approximately 20 
km2 overlaps a relief made up of slopes that 
have attained gradients of 10 to 30%, which are 
covered by alpine grasslands, strongly degraded 
through overgrazing. A high percent of the 
investigated territory is occupied by medium 
sensitive areas, which are found on the forested 
declivities inclining at angles of 30% to 50%, 
where the higher moisture content, explained to 
a certain extent by slope aspect, encourages the 
occurrence of landslides and rapid solifluctions. 

In their turn, the steep slopes (30-50%) covered 
by partly degraded shrubs and bushes are very 
sensitive to torrentiality and avalanches. 
The category of extremely sensitive areas 

includes the erosion landforms created by the 
current geomorphological processes (chutes, 
polygenetic corridors, gullies and torrents), 
as well as those surfaces where sheet erosion 
is very active (for instance, the southern and 
southeastern slopes of the Scara peak).
The areas with low and very low sensitivity 

are rather limited in extent. They are mainly 
represented by the flat or gently inclined surfaces, 
the erosion levels that develop especially along 
the secondary ridges and the bottoms of glacial 
cirques and troughs.
On the Capra and Buda valleys, lying on the 

southern slope of the Fagaras Mts., avalanche 
chutes, 0.5 km long and 50 to 150 m across, are 
found at the headwaters of all affluent streams. 
Their thalweg descends in steps and frequently 
the breaks of slopes are accompanied by small 
waterfalls. To the base, the materials carried down 
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by snow accumulate in the form of talus cones. 
The sunny and semi-sunny slopes with western, 
southeastern, southern and southwestern aspect 
are prone to avalanches, especially in late 
winter and early spring. Because of the high 
frequency of such phenomena in February-
March and November-December protection 
works are required, especially on the Capra 
valley, in order to preserve the spruce fir forest 
and safeguard the Transfagarasan road.

The avalanches impact pre-eminently the upper 
tree line and the pastoral constructions found in 
its immediate vicinity. These devastating mass 
displacements have created corridors through 
the forest, also visible on satellite imagery, 
have hindered the spread of spruce fir forests 
in altitude (Muchia Piramida de Fier, Mircea, 
the western section of the Raiosu-Museteica 
–Mesteacanu ridge) and have swept away many 
sheepfolds that stood in their way (fig. 4).

38 39
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The avalanche chutes identified and mapped on 
Landsat satellite images and aerial photographs, 
and investigated later in the field, are usually 
more than 500 m long. The correlation graph 
(Fig. 5) between their lengths and the relief 
intensity shows that the shortest avalanche 
chutes occur on the walls of the hanging cirques, 
as well as on the calcareous cliffs (with gradients 
higher than 35˚) belonging to the Buda-Raiosu-
Museteica ridge. Likewise, the role of tectonic 
factor in snow motion is obvious, because most 
of them have a rectilinear appearance. However, 
many chutes, as it is the case of those lying on 
the Capra, Caprioara, Caltun, Paltinu, Lespezi, 
Raiosu, Buda and Podu Giurgiului, are about 1 
km long, have complex profiles and are strongly 
influenced by lithology, structure, tectonics, 
gradient, aspect and anthropogenic activities. 
The number of avalanches is very high in the 

Fagaras Mts. in general and in the study area 
in particular. The avalanche risk is especially 
limited to the forests, but occasionally avalanches 
block the access along the Transfagarasan road 
or cover tourist tracks (such as the ridge track 
running from Negoiu to Moldoveanu and the 
track from Piscu Negru to Caltun and Negoiu, 
which for this reason are closed in winter). 
Other times, such phenomena may destroy the 
sheepfolds and chalets, causing loss of human 
lives (many tourists were caught unaware and 
fell victim to avalanches).  
The digital map showing the geomorphological 

potential for avalanche occurrence has been 
developed by GIS techniques, on the basis 
of topographic maps of scales 1:25000 and 
1:50000, aerial photographs of scale 1:5000 
and satellite imagery. At the same time, climatic 
factors (temperature, precipitation, thickness 
of snow layer), geomorphological features 
(elevation, gradient, aspect), geological 
formations and land use have been taken into 

account, being included as separate thematic 
layers. Consequently, the map has allowed us to 
highlight three areas with different occurrence 
potential (fig. 6).
The areas with high and very high potential 

cover about 12% of the potential risk territory 
(82.3 km2) of the Capra and Buda catchments. 
Their main features are the grades higher 
than 300; the presence of rocky areas, alpine 
grasslands, bushes and subalpine glades; the 
morphodynamic potential for freeze-thaw 
action, falling-ins and rock stream formation; 
and the prevalence of micaschists and crystalline 
limestones. These areas include the calcareous 
cliffs that flank the Buda-Raiosu-Museteica-
Robita ridge, where periglacial-gravitational 
processes are extremely active; the steep walls 
(> 40˚) of some glacial cirques (Fundul Caprei, 
Capra, Lespezi, Raiosu); the catchment areas 
lying at the headwaters of some 1st and 2nd 
order streams, devoid of vegetation, as it is the 
case of some tributaries of the Buda, Capra, 
Izvorul Podul Giurgiului, Paltinu, Caltun and 
Orzanelelor valleys (which become avalanche 
chutes lying above the tree line); and the 
sides of some deep torrential valleys (Izvorul 
Stanii, Vartoapele, Izvorul lui Radu, etc). The 
most important risk is represented by forest 
destruction near the tree line.
The areas with medium potential account 

for about 65% of the potential risk territory. The 
morphodynamic factors that characterize these 
areas are the gradients that range from 100 to 
30˚, the semi-sunny and sunny slopes, the lands 
covered by alpine grasslands, glades and bushes, 
and even the cleared and reforested areas. The 
morphodynamic potential is favorable for 
gelifluction, nivation, torrentiality, rill erosion, 
mechanical weathering and wind erosion. The 
areas that fall in this category belong to the 
Buda and Capra catchments, where they lie 
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particularly at or above the tree line on most 
declivities that are higher than 1650 m. 
The areas with low and very low potential 

have a share of 23% of the total risk area, which 
is a relatively small value, because it excludes 
the lands covered by forests, where avalanche 
hazard is virtually nonexistent. Consequently, the 
areas included in this category are represented 
by wind-felled and cleared forests that possess 
a rather high-risk potential, especially when 
the gradient is high, the aspect favorable and 
the snow layer thick enough. One can note the 
high degree of forest cover and the significant 
morphodynamic potential, highlighted by 
solifluctions, gully erosion and superficial 

landslides. Such processes develop on dip 
slopes, erosion levels, the bottom of glacial 
cirques and the well-vegetated areas lying in 
the alpine and subalpine levels. The vegetal 
cover, along with gradient, rock and slope 
aspect, is the main factor that differentiates the 
investigated risk areas.
Even though the map is only informative, it 

offers an image of the avalanche hazard on the 
southern slope of the Fagaras Mts., between 
Negoiu and Moldoveanu peaks (fig. 6). In 
addition, it can be used as a base map for future 
studies dealing with tourist chalets, sheepfolds 
and cattle pens, mountain roads, possible ski 
tracks, etc.   
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Conclusions 
In those areas where avalanches pose a threat 

to economic activities, chutes are numbered and 
records are made for each of them in terms of 
elevation, morphological aspects, vegetation, 
etc. Sometimes, avalanche chutes are given 
local toponyms; other times, when they affect 
the transportation routes, are known after 
the kilometer where they occur. For practical 
purposes, special maps showing avalanche 
chutes are developed, and the records include 
relevant pictures of them. 
The avalanche atlas is a catalogue of all the 

chutes identified in a given area. It contains 
descriptions of them, accounts of the most 
important events and accidents, aerial and 
terrestrial imagery, field observations, 
monitoring results, etc. 
The reason why avalanche risk maps are made 

stems from the need to assess the endangered 
areas. We have accomplished this task by 
taking into account the representative types of 
recorded events. 
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