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THE PRESENT-DAY EROSIONAL PROCESSES IN THE ALPINE LEVEL OF 

THE BUCEGI MOUNTAINS - SOUTHERN CARPATHIANS

Mircea VOICULESCU1

Abstract. A relief that is strongly modelled by 
extensive erosion processes (sheet erosion, rills and 
gullies) characterizes the Alpine level of the Bucegi 
Mountains. All processes are favoured by the geological 
structure represented by conglomerates, limestone with 
grit stone intrusions, by strongly degraded podzolic soils 
with a loamy-sandy texture in the first layer and by 
some economic activities, such as the overgrazing and 
the tourism. 
We have identified an area with large-scale erosion 
forms in the sector comprised between Furnica Peak and 
Piatra Arsă Peak. 
This paper analyses the genesis and the manifestation 
conditions of the erosion processes, as well as the 
climate, making use of the temperature and the 
precipitation data provided by the meteorological 
stations in the region. 
Using the Péltier diagram, we framed the region to 
various seasons. By subsequently using the Péguy 
diagram, we framed the region to the morphoclimatic 
conditions and to the river processes. On the other hand, 
by using GIS, we created geology, slope, soil and 
vegetation Boolean maps and then the risk map to the 
erosion processes.
Key words. present-day erosional processes, sheet 
erosion, rills, gullies, Boolean maps, Alpine level, the 
Bucegi Mountains, Southern Carpathians

Rezumat. Procese actuale de eroziune în zona alpină 
a Munţilor Bucegi (Carpaţii Meridionali). Etajul 
alpin al Munţilor Bucegi se caracterizează printr-un 
relief puternic erodat de procesele de eroziune (eroziune 
areolară, rigole, ravene şi ogaşe). Toate acestea sunt 
favorizate de structura geologică, reprezentată de 
conglomerate, calcare şi gresie, de soluri podzolice 
puternic degradate cu textură luto-nisipoasă în primul 
strat şi de activităţile economice cum ar fi mai ales 
suprapăşunatul şi turismul. 
Noi am identificat un astfel de areal cu forme de 
eroziune, puternic dezvoltate, în sectorul cuprins între 
vârfurile Furnica (2102 m) şi Piatra Arsă (2001 m).
În lucrarea noastră, am analizat pe de-o parte geneza şi 
condiţiile manifestării proceselor de eroziune iar pe de 
altă parte climatul folosind datele de temperatură şi de 
precipitaţii de la staţiile meteorologice din regiune. 
Folosind diagrama Péltier am încadrat Munţii Bucegi şi 
implicit arealul nostru de studiu la diferite sezoane. 
Folosind apoi diagrama Péguy am încadrat regiunea 
noastră şi Munţii Bucegi condiţiilor morfoclimatice. Pe 
de altă parte, folosind tehnica S.I.G. am creat hărţile 
booleene ale geologiei, solului, vegetaţiei, declivităţii şi 
apoi harta riscului la procesele de eroziune.
Cuvinte cheie. procese de eroziune actuală, eroziune 
areolară, rigole, ravene, hărţi booleene, etaj alpin, 
Munţii Bucegi, Carpaţii Meridionali

Introduction
The human activity in the high mountain 

regions is represented by different economic 
practices, especially deforestation, overgrazing, 
leading to grassland deterioration, and tourism, 
with the appearance of tourist paths (Alewell et al., 
2008; Dedkov & Moszherin, 1992; Konz et al., 
2009). In these conditions, the geological structure, 
the slope length and declivity, the vegetation, the 
high rainfall intensities, the snow pack 
accumulation represent factors that underlie the 
soil erosion processes (Briggs, Smithson, 1986; 
Hamilton, Bruijnzeel, 1997; Molina et al., 2009). 

On the other hand, some authors mentioned 
that the forest vegetation represents an efficient 
means of fighting erosion (Bochet et al., 1998; 

Rey, 2003; Woo et al., 1997). In the mountain 
regions, the main processes of this type are 
represented by sheet, rill and gully erosion (Konz 
et al., 2009; Hamilton, Bruijnzeel, 1997; Lakhera, 
1982; Yang et al., 1998), which represent 
increasingly severe forms of erosion by channelled 
water (Hamilton, Bruijnzeel, 1997). 

Numerous studies were conducted in different 
mountain regions: in the Alps (Descroix and 
Gautier, 2002; Strunk, 2003), in High Tatra 
(Kotarba, 1984; Kotarba et al., 1987) or in the 
Southern Carpathians (Voiculescu, Vuia, 2005), in 
the mountains of Mexico (Descroix et al., 2007), in 
the Rocky mountains and in the Andes (Coppus 
and Imeson, 2001; Heede, 1970; Romero et al., 
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2007; Vanacker et al., 2003), in the African 
mountains (Chaplot et al., 2005), in the Asian ones
(Lo, Tsai, 1992; Wu, Cheng, 2005; Zengxiang et 
al., 1996) or in other mountain spaces of the world 
(Dedkov & Moszherin, 1992).  

The interest was directed towards several 
erosion analysis directions: mapping of erosion 
processes (Imhof, Steward, 2007; Zachar, 1982), 
types and manifestation of erosion processes 
(Grissinger, 1995; Leopold et al., 1995; Toy et al., 
2002), dendrochronological analysis of gully 
erosion rate (Vandekerckhove et al., 2001), or 
classification of erosion forms (Poesen et al., 1998; 
Zachar, 1982).

Study area 
Part of the mountain group with the same 

name, the Bucegi Mountains are situated on the 
eastern border of the Southern Carpathians (Fig. 
1). The high altitudes, over 2,400-2,500 meters
(Omu Peak – 2,505 meters), the glacial forms and 
the very dynamic periglacial processes are the 
characteristic features of these mountains.

Fig. 1. Geographic position of the Bucegi Mountains

The Bucegi Mountains have the aspect of an 
upstanding syncline and are predominantly 
constituted of limestone and conglomerates with 
grit stone intrusions. They have the form of a 
semicircle opened to the south, with Omu Peak, the 
main orographical node (2,505 meters), located at 
its northern margin. From Omu Peak, two lines of 
peaks depart towards the east and the west, 
marking off two structural scarps. The eastern 
scarp dominates with more than 1,000 meters the 
Prahova Valley, which is the main water collector 
of the eastern part of the Bucegi Mountains. The 
geology, the structural relief and the presence of 
karst are other characteristics of the Bucegi 
Mountains (Velcea, Savu, 1983). 

The relief is modified because of the 
geological and soil structure, which constitute the 
conditional factors, of the climate, through its most 
important elements - temperature and 
precipitations, and also because of the causative 
factors determined by human influence manifested 
through overgrazing and tourist activities 
(Popescu, 1990, Voiculescu, 2002).

 The study focused on the alpine level of the 
central part of the Bucegi Mountains, located 
between the Vârfu cu Dor (2,030 meters) and the 
Jepii Mici Peak (2,070 meters) (Fig. 2). A 
degraded relief characterises this sector, where the 
sheet, rill and gully erosion play the most 
important role, considering the annual evolution of 
these processes. The data was collected during 
several years of observation, between 2000-2004 
(Voiculescu, Vuia, 2005) and afterwards, in the 
interval 2005-2007, in the alpine level of the 
Bucegi Mountains.

Fig. 2. Topographical map of the study area
1. Hydrological network; 2. Tourist paths; 
3. Rills and gullies; 4. Soil erosion; 5. Chalets
(Voiculescu, Vuia, 2005)

From the morphological point of view, the 
relief is represented by the development of cuestas 
in steps; they are situated under Vârfu cu Dor 
(2,030 meters) and Jepii Mici Peak (2,070 meters), 
on the eastern border of the Bucegi scarp, which is 
facing the Prahova Valley. Their origin is 
attributed to the grit stone intrusions (the Babele 
Gritstone) from the conglomerates (Velcea, 1961). 
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Structurally, the study area belongs to the so-called 
external structural surfaces (Geological Map of 
Romania, Moeciu sheet, scale 1:50,000, 1971; 
Geological Map of Romania, Baiu, Sinaia sheet, 
scale 1:50,000, 1980), disposed, in this case, on the 
Vârfu cu Dor (2,030 meters) - Furnica Peak (2,102 
meters) - Piatra Arsă Peak (2,001 meters) - Jepii 
Mici Peak (2,070 meters) alignment.

The dominant soils are represented by strongly 
degraded podzols, with a loamy-sandy texture in 
the first layer (S.R.R. Soil Map, Braşov sheet, 
scale 1:200,000, 1975). The vegetation is mainly 
represented by alpine and sub-alpine meadows, 
degraded because of the overgrazing and tourism.

Climatic and morphoclimatic conditions
Climate plays an essential role in the 

development of the morphogenetic process (Zinck 
et al., 2001). The most important characteristics of 
the climate are presented in Table 1, the data being 
collected from the three meteorological stations in 
the Bucegi Mountains: Omu Peak (2,505 meters), 
Babele (2,200 meters) and Sinaia (1,500 meters). 

The average annual temperature decreases with 
the altitude, reaching an amplitude of 6.2º C on a 
1,000 meters level difference, between the upper 
tree line and the highest ridges. Thus, the number 
of freezing days varies with the altitude, reaching 
values that range between 155 days and over 254 
days, which is important for the development of 
river processes and river erosion. The amount of 
precipitation rises with the altitude for both the 
annual and the daily averages, having important 
consequences on the spatial and temporal 
amplitude of the water erosion. It can be observed 
(Table 1) that the snow cover, through its values 
(number of days with snow cover and average 
depth), plays a very important role as water source 

for the erosion processes and it also blocks the 
development of the fluvial processes, in 
accordance with the altitude. In this respect, the 
ratio between the number of days with snowfall 
and the number of days with rain is an indicator of 
the fluvial erosion time development.

At high altitudes, where Omu Peak and Babele
meteorological stations are situated, the ratio
indicates the predominance of the solid 
precipitation, while at the timberline (the Sinaia 
meteorological station), the ratio is sub-unitary, 
indicating the predominance of the liquid
precipitation.

In accordance with the average temperature 
and annual precipitation values, the study area is 
situated within a specific thermal, respectively 
pluviometric level. As specified in the geographic 
literature concerning the Carpathians (Hess, 1972, 
quoted by Schreiber et al., 1993) and taking into 
account the temperature values, there were 
determined seven thermal levels:
- warm, temperature > 8ºC;
- moderate-warm, temperature between 8º - 6ºC;
- moderate-cool, temperature ranges from 6º to 
4ºC;
- cool, temperature ranges from 4º to 2ºC;
- very cool, temperature varies from 2º to 0ºC;
- moderate-cold, temperature varies from 0º to -
2ºC;
- cold, temperatures are below -2ºC.

All these being taken into account, our study 
area integrates in the following levels: cool (at the 
timberline), moderate cold (in the middle part of 
the alpine level) and cold (in the upper part of the 
alpine level).

Furthermore, there are considered the 
pluviometric levels (Hess, 1972, quoted by 
Schreiber et al., 1993),

Table 1 
The climatic characteristics of the alpine level of the Bucegi Mountains

Meteo
St. (m)

Bioclimatic 
Level

To C Nr. of 
days 
with 
tmin< 
0oC

Pp (mm) Snow thickness nz/np
1

Thermic 
Level

Pluviometric  
Level

Year Jan. July Ampl. Year 24 
hour

s

Year
(nr. of 
days)

average 
(cm)

  Omu  
Peak

(2,505)

alpine level -2.5o -
10.9o

5.8o 16.8o 254.4 1134.
0

107.
8

>270 352.5 11.8 cold nival 
moderate 
(subnival)

Babele 
(2,200)

middle part 
of the 

alpine level

-0.2o -7.7o 7.9o 15.6o 217 582.
2

12.6 177.1 589.5 4.6 moderate-
cold 

nival-pluvial

Sinaia 
(1,500) 

lower part 
of the 

alpine level 
(timberline)

3.7o -4.8o 13.3o 18.1o 155.2 941.
2

23.7 143 133.9 0.2 cool pluvial-nival

                                               
1 Rapport between number of days with snow and number of days with liquid precipitations



for which the nival coefficient Kz was used; this is 
expressed as a relation in percentage between the 
solid precipitation and the total annual 
precipitation quantity. Therefore, four levels were 
determined:
- pluvial-moderate, for Kz < 40 percent and 
altitude under 1,400 meters;  
- pluvial-nival, for Kz between 40 and 50 percent 
and altitudes of about 1,600 meters; 
- nival-pluvial, for variable Kz, between 50 and 60 
percent, at altitudes over 2,000 meters;
- nival-moderate for Kz > 60 percent, at altitudes 
over 2,500 meters.

According to this parameter, the study area is 
included in the pluvial-nival level at the timberline, 
nival-pluvial in the middle part of the alpine level 
and nival moderate in the upper part of the alpine 
level.

On the other hand, having in view the monthly 
and multi-annual variation of the temperature 
conditions, as well as the monthly and multi-
annual variation of the precipitation conditions, by 
using a Péguy diagram (Fig. 3) we obtained the 
appointment of the above-mentioned 
meteorological stations to different seasons:

Fig. 3. Péguy diagram representing the variation of 
the climate conditions of the above-mentioned 

meteorological stations

- in the case of the highest altitudes, all the months of 
the year are cold and damp, having a value of 100 percent;

- for the middle part of the alpine domain, 
where the study area is situated, only three months 
(July, August and September) are temperate, the 
others being cold and damp in proportion of about 
58.3 percent;

-for the contact zone between the 
woodland domain and the lower part of the alpine 
domain, about 5 months (June - October) are 

temperate, the others being cold and damp, with a 
proportion of about 41.6 percent.

From the morphoclimatic point of view, the 
sector located beyond the timberline belongs to the 
periglacial level (Velcea, 1961). Furthermore, 
taking into account the thermal criterion of the 
morphostructural integration and the altitude, 
applied to the Southern Carpathians, respectively 
to the Retezat Mountains (Urdea, 2000) and to the 
Făgăraş Massif (Voiculescu, 2000, 2002), the 
following structure can be identified for the Bucegi 
Mountains (Fig. 4):

PERIGLACIAL LEVEL

Sublevel of intense weathering 
(cryoplanation)

-3°C (block fields)

-1°C (lower limit of the discontinuous 

permafrost)
Sublevel of intense periglacial processes

0°C (lower limit of frost)
Sublevel of solifluction

2°-3°C (lower limit of periglacial processes)

ALTITUDE

   > 2500 m

   2200-2300 m

      2050 m

   1500-1600 m

Fig. 4 Morphoclimatic ranging in the 
Bucegi Mountains

The Péltier diagram is applied to point out the 
annual variability and the differences registered in 
the characteristic months by the fluvial erosion 
processes and their intensity in specific 
morphoclimatic conditions. Thus, at the highest 
altitudes of the Bucegi Mountains, the conditions 
are of glacial nature in January (Fig. 5a), 
periglacial in April, maritime in July (Fig. 5c), 
boreal in October (Fig. 5d), respectively 
periglacial-boreal at annual level (Fig. 5d). At the 
altitudes corresponding to the middle part of the 
periglacial level, the conditions are periglacial in 
January (Fig. 5a), boreal in April (Fig. 5b), 
moderate in July (Fig. 5c), temperate in October 
(Fig. 5d), respectively temperate at annual level 
(Fig. 5e). At the lower part of the periglacial level, 
that coincides with the timberline, the 
morphoclimatic conditions are boreal in January 
(Fig. 5a), temperate in April (Fig. 5b), moderate in 
July (Fig. 5c), temperate in October (Fig. 5c) and 
at annual level (Fig. 5e).

The precipitations are the most important 
climatic parameter that influences the course and 
intensity of the fluvial processes. The precipitation 
quantities reach the highest values in the warm 
season (July - August), but these are differentiated 
on altitude. The smallest values are usually 
registered in the second part of the autumn season, 
in October and November and also in the winter 
months, in January and February (Fig. 6). The 
manifestation of the erosion processes is widespread,
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Fig. 5. Péltier diagram representing the location within morphoclimatic conditions of the above mentioned
meteorological stations: a. January, b. April, c. July, d. October, e. multi-annual monthly mean values

especially in the spring - summer period, when the snow 
melting intensifies with the rise of the temperatures. The 
meltwater overlaps with the occurrence of rains, 
contributing to the development of the torrentiality, the 
sheet, rill and gully erosion.

The solid and liquid falls are important 
elements in the development of the morphodinamic 
potential of the relief. Thus, in the study area, it 
can be noticed the predominance of the number of 
days with snowfall. These are characteristic 
especially for September - May, with a value of 75 
percent at the highest altitudes, and for October -

April (58.3 percent), in the lower part of the alpine 
level and at the timberline (Fig. 7).

It must be noticed that at the periglacial level, 
the development of the fluvial modelling system is 
blocked several months a year, taking into account 
the fact that about 10 months a year (226.3 days or 62 
percent of the total) the soil is covered by snow at the 
highest altitudes. In the middle part of the periglacial 
level, there are recorded 177.1 days with snow cover 
(representing 48.5 percent of the total) and in the 
lower part of the periglacial level - about 7-8 months 
a year (143 days or 39.1 percent of the total).
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Fig. 6. The variation of precipitations, multi-annual 
monthly mean values

The liquid precipitations are predominantly 
characteristic for the warm season, up to 
September or even October, at the highest 
altitudes. At the lower part of the alpine level, the 
highest number of days with rain is registered in 
September - December, when the action of the 
fluvial processes is also intensive (Fig. 8).
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Fig. 8. The variation of the number of days with 
rain, multi-annual monthly means values

The ratio between the annual number of days 
with rainfall and of the days with snowfall is also of 
high significance for the intensity of the fluvial 
processes. In the study area, this ratio favours the 
number of days with snowfall, having the value of 
11.8 at the highest altitudes and 4.6 in the middle part 
of the alpine domain. In the lower part of the alpine 
domain and at the timberline, the value of the ratio is 
0.2, thus favouring the liquid precipitations. 

The daily precipitation quantities are also 
analysed, as they play an important erosion role, with 
the corresponding altitudinal differences. The highest 
values are registered in the June - August interval, 
especially at the upper part of the alpine level and at 
the timberline level. The smallest values are 
registered in January and February on the highest 
peaks, in the January - April period in the middle part 
of the alpine level, respectively in November in the 
lower part of the alpine level (Fig. 9):
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Fig. 9. The variation of precipitations fallen in 24 
hours, multi-annual monthly mean values

Erosion forms
Through their surface forms (rill and gully), the 

morphological effects of erosion are some of the 
most important morphogenetic processes. The 
erosion processes are characterised by different 
intensities, depending on the altitude, climate and 
lithology (Summerfield, 1994). 

It is believed that the sheet and linear erosion 
are characteristic to the rock walls and rocky 
slopes, generating debris slopes and debris-mantled 
slopes (Kotarba et al., 1987), forms of the high-
mountain system of sediment transfer. On the other 
hand, large forms, such as the gullies, have a 
strong impact on the pastures in the alpine level 
(Poesen et al., 2003). The sheet erosion affects the 
entire surface of the north-facing slope of Furnica
Peak, transporting down the material resulted from 
the weathering processes (Fig. 10): 
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Fig. 10. Sheet erosion under Furnica Peak -
2,102 m (photos by Voiculescu, 2003, 2007)

The erosion processes remove sediments, 
which are accumulated at the bottom of the slope. 
The formation and the manifestation manner of 
these sediments are determined mostly by the 
structural surface of the slope, by the micro-
topography and by the vegetation type (Bryan, 
2000). Furthermore, a series of uniformly inclined 
rills dissect the slope on its declivity direction. Rill 
erosion represents the process of detachment and 
transportation of the sediment material by 
concentrated flow (Lal, 1994) and it develops into 
more ample forms, i.e. into gully erosion (Toy et 
al., 2002). The process that leads to the formation 
of rills (Fig. 11), by detaching and transporting the 
soil particles through concentrated flow, is a 
function of the shear of the water flowing in the rill 
(Romero et al., 2007).

Among all erosion forms, the gullies 
indubitably represent the most important source of 
sediments, delivering much more than the surface 
erosion (de Vente et al., 2005; Ioniţă, Mărgineanu, 
2000; Mathys, Poesen, 2005; Molina et al., 2009; 
Valentin et al., 2005; Vandaele et al., 1996) but also 
water storage and transmission (Molina et al., 
2009). Gully processes have a three-dimensional 
nature represented by factors and processes, by 
extreme climatic events and by a long antecedent 
history (Valentin et al., 2005), or by overgrazing, 
which is often the main cause of gully erosion in 
mountainous areas (Descroix et al., 2007); they are 
commonly triggered or accelerated by the land use 
change (Chaplot et al., 2005; Valentin et al., 2005). 

Their importance can be expressed by the 
following quantifiable parameters: length, width 
and slope, as well as the sediment material stocked 
or redistributed at the level of the gullies’ bed 
(Raclot et al., 2005).

The morphodynamic activity of gullies 
depends on the season (warm or cold, but also on

Fig. 11. Rills between Furnica Peak - 2,102 m 
and Piatra Arsă - 2,001 m 

(photos by Voiculescu, 2005, 2007)

the climatic, soil and vegetation factors (Gillijins et 
al., 2005). In the short warm season (about 4 
months/year), the maximum quantity of rain is 
registered in June, 113.4 millimetres, at 1,500 
meters of altitude, 115.2 millimetres at 2,200 
meters and 147.4 millimetres at 2,505 meters. 
Gullies develop in a clay-limestone soil, with 
continuous vegetation cover and they reach 10 - 15 
meters in length, 1.5 - 2 meters in breadth and 1 - 3 
meters in depth. 

If we take into account that gullies are 
classified into two categories, continuous and 
discontinuous gullies (Leopold and Miller, 1956, 
quoted by Heede, 1970; Heede, 1982), then we 
could also consider the existence of these forms in 
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the Bucegi Mountains. The continuous gullies start 
in a headwater with many fingers that coalesce to 
form the gully and to attain the greatest depths 
(Heede, 1970, pp. 80) and they may be present as 
extensions of the drainage net (Grissinger, 1995, 
pp. 155). The continuous gullies are specific to 
cold regions, this process being noticeable under 
Furnica Peak (2,102 meters) (Fig. 12).

Fig. 12. Continuous gullies under 
Furnica Peak - 2,102 m

(photo by Voiculescu, 2007)

On the other hand, the discontinuous gullies 
can be found anywhere along the slope and their 
depth rapidly decreases downstream (Brooks, 
2003; Heede, 1970). They (Fig. 13) begin with a 
pronounced head cut (Heede, 1970, pp. 80) 
determined by the local characteristics of the relief 
and the aggradation rate (Ioniţă, 2006). According 
to the classification made by Ioniţă (2006), the 
discontinuous gullies in the Furnica Peak - Piatra 
Arsă sector belong to the single, isolated, or 
classical type. 

Sometimes, in severe cases, the specific forms 
of morphogenesis appear and develop sub-
sequentially in the chemical desegregation layer 
forms, such as soil erosion, rills and gullies 
(Kotarba, 1984, 1987) (Table 2).

In the middle part of the alpine level, the river 
erosion is well developed, as the source of many 
tributary valleys of the Prahova (situated at the 
eastern periphery of the Bucegi Mountains, at the 
bottom of the cliff) are located in the sector under 
analysis. This is the case of the Jepilor, Urlătorilor 
and Peleşului valleys.

Fig. 13. Discontinuous gullies between Furnica Peak
- 2,102 m and Piatra Arsă Peak - 2,001 m

(photos by Voiculescu, 2003)

The fluvial processes are monthly 
differentiated and they are followed with the help 
of the Péltier diagram. At the highest altitudes, the 
intensity is minimum in January (Fig. 14a), 
moderate in April and July (Fig. 14b, fig. 14c), 
maximum in October (Fig. 14d) and moderate as a 
yearly average (Fig. 14e). 
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Table 2 
Geomorphic processes between Furnica Peak 

(2102 m) - Piatra Arsă Peak (2001 m)
(after Kotarba, 1984, 1987, modified)

Main factor Main transfer 
process

Main 
slope 
form

Secondary 
forms

Snow and 
water

Slush 
avalanching

Erosional 
niche

Meltwater Ephemeral 
stream 
flow

Erosional 
niche, rills 
and gullies

Rainstorm 
water

Sheetwash

Alluvial 
talus

Gullies

In the middle part of the alpine level, fluvial 
erosion intensity is minimal in January (Fig. 14a) 
and maximal in the other months and as a yearly 
average (Fig. 14b, 14c, 14d, 14e). At the lowest 
altitudes of the alpine level, the intensity has 
maximal values in the characteristic months, as 
well as throughout the year (Fig. 14a, 14b, 14c, 
14d, 14e).

Digital processing of the data 
The idea of drawing up a map that would show 

the risk of relief degradation because of the 
accentuated sheet and linear erosion processes has 
emerged as a consequence of the monitoring of 
these processes. In this massif, the study area 
offers numerous such situations observed by us 
during the terrain work and subsequently mapped 
on the topographic maps, scale 1:25,000. At the 
same time, we observed the geological, relief, 
climate, vegetation and soil conditions of the areas 
where the surface and linear erosion processes 
appear most often. 

In accordance with our working plan we have 
made a database, using the facilities offered by the 
GIS programs CartaLinx and Idrisi 32 (Eastmann, 
2001). In building process of this database, we 
started from the idea that the geology, the relief, 
the climate and the vegetation are the soil 
generating factors. In irrational land use conditions 
or if there are no protection measures to impede 
accelerate erosion, the soil can enter a degrading 
process through the proliferation of sheet erosion, 
of rills and gullies.

The Vârfu cu Dor (2,030 meters) - Jepii Mici 
(2,070 meters) database entails five types of digital 
thematic maps: a digital elevation model (DEM), a 
geological map, a slope map, a soil map and a 
vegetation map.

The digital elevation model was built on the 
basis of a topographical map 1:25,000, the 1981 
edition, obtaining a 4.2 meters resolution. On the 
same topographic map, we built the vegetation 
digital map, which entails the alpine pasture areas, 
the Dwarf pine and forest areas. The digital 

geological map has as a basis the Moeciu (1971) 
and Sinaia (1980) sheets, scale 1:50,000, which 
were adapted for the 1:25,000 scale before 
processing; the soil digital map was obtained by 
processing the soil maps (1:200,000, the Braşov 
sheet, 1975), which was also adapted to the 
1:25,000 scale.

The geological conditions, the slope, the soil 
and the vegetation features of the area were the 
tracked down erosion forms occur were extracted 
from these maps. Thus, there were obtained 4 
Boolean maps, in which we have attributed the “0” 
value to the conditions where there are no 
degradation aspects and the value “1” to the 
geological, slope, soil and vegetation conditions 
where there have been found the degradation 
aspects (Fig. 15, 16, 17, 18):

Fig. 15. The Boolean map of geology
1. Other rocks; 2. Rocks on which there appear 
degradation forms; 3. Hydrological network; 4. Rills 
and gullies; 5. Surfaces with soil erosion
(Voiculescu, Vuia, 2005)

From the geological point of view, it was 
established that the degradation forms occur in the 
Babele Grit stone area of Albian age, which was 
represented with a shade of grey in the Boolean 
map. The Boolean slope map comprises the areas 
with a slope smaller than 20 percent and the ones
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Fig. 14. Péltier diagram representing the location within river processes of the above mentioned meteorological 
stations: a. January, b. April, c. July, d. October, e. Multi-annual monthly mean values
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with a slope higher or equal to 20 percent, 
necessary for the rill processes initiation (Rădoane 
et al., 1999). By overlapping the forms mapped on 
terrain with the soil map, it can be observed that 
they develop in podzols with a loamy-sandy 
texture in the first layer, these soils presenting high 
susceptibility to degradation by linear erosion 
processes in the high precipitation conditions of 
the Bucegi Mountains. As far as vegetation is 
concerned, the terrain and map observations 
indicate a large presence of degradation in the 
alpine pasture areas, these having a low capacity to 
act as a buffer area between the morphogenetic 
agents (rain, rainstorm and snowfall) and relief.

If we analyze the risk from a social scientific 
point of view, any form of “natural risk” is 
produced by humans themselves (Bell, Glade, 
2004, p. 118). According to Heinimann (1999, 
quoted by Bell, Glade, 2004), the risk analysis can 
be done either in a qualitative, or quantitative 
manner. On the other hand, the risk assessment 
comprises three equal elements of risk assessment: 
risk analysis, risk evaluation and risk management 
(Bell, Glade, 2004). 

Fig. 16. The Boolean map of declivity
1. Declivity < 20 percent; 2. Declivity ≥ 20 percent; 

3. Hydrological network; 4. Rills and gullies; 
5. Surfaces with soil erosion

(Voiculescu, Vuia, 2005)

With the help of the database, by multiplying 
the maps, the Boolean analysis allows us to build 
a map where the value “1” corresponds to the 
areas that combine the geological, slope, soil and 
vegetation conditions on terrain and are 
characterised by accelerated sheet erosion and by 
the occurrence of gullies. The resulted map (Fig. 
19) shows, by shades of grey, the areas where 
the existence of degradation forms is very 
probable, these being highly degradation risk 
areas, as a result of the above-mentioned 
processes. 

Consequently, in the above-mentioned areas, 
the human intervention through grazing and 
tourist practices must be rationally managed and 
where advanced degradation appears, these 
processes should be slowed down or even 
stopped. The areas marked in white show no 
degradation risk. It is to be noticed the fact that 
in the Vârfu cu Dor - Jepii Mici Peak sector, the 
areas that need special attention from the land 
managers are located around the high peaks, 
such as Vârfu cu Dor, Furnica, Piatra Arsă and 
Jepii Mici.

Fig. 17. The Boolean map of soils
1. Other soils; 2. Podzolic soils with a loamy-sandy 
texture in the first layer; 3. Hydrological network; 

4. Rills and gullies; 5. Surfaces with soil erosion 
(Voiculescu, Vuia, 2005)
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Conclusions 
The erosion processes in mountain regions are 

caused by natural and anthropogenic factors and 
affect the land use. The erosion processes, 
especially the gullies, are the main factors of 
degraded landscapes. Thus, the restoration of gully 
systems is necessary (Molina et al., 2009). On the 
other hand, the land use requires specific 
knowledge on the soil erosion situation (Zengxiang 
et al., 1996). This is especially important since the 
area that we examined is in the Bucegi National 
Park. The future development of erosion processes, 
in our case rill and gullies, and all aspects 
regarding their control must be a serious concern to 
the land managers from mountain regions. Erosion 
processes and their impacts receive increasing 
attention from local policy makers (de Vente et al., 
2008). Understanding the morphology of erosion 
processes represents the first step in their 
assessment (Heede, 1970). The GIS software used 
by us has proved to be a powerful and efficient tool 
in capturing, storing, updating, manipulating, 
analyzing, and displaying all geographical forms 
(Lo et al., 1992), in our case the erosion processes. 
It is believed that in these types of issues, the 
method of the Boolean analysis is easy to apply 
and therefore satisfactory. It can also be applied in 
the analysis of other terrain degradation processes.

Fig. 18. The Boolean map of vegetation
1. Forest and Dwarf pine; 2. Alpine meadow;
3. Hydrological network; 4. Rills and gullies; 

5. Surfaces with soil erosion
(Voiculescu, Vuia, 2005)

Fig. 19. The risk map of the erosion processes 
(surface and soil erosion, rills and gullies )

1. Low risk; 2. High risk; 3. Hydrological network
(Voiculescu, Vuia, 2005)

There are landslides, crumbling, rock falls or snow 
avalanches. The more complex the database is 
(considering more variables), the more exact the 
results become. On the other hand, these types of 
analyses and maps can be used in the territorial 
planning activities or in the fight against 
degradation processes.
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