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Abstract 

This paper presents the morpho-hydrographical 

characteristics that define the torrential system 

inside the Sebeş basin (the Parâng Mountains). The 

manifestation of torrential erosion takes place on 

river basins of different sizes. In order to bring out 

the quantitative and qualitative differences in the 

stream discharge structure, we resorted to the 

determination of some geomorphometrical indices 

such as: the number of river segments, the frequency 

of elementary thalwegs, incipient or total 

torrentiality. The great density of the temporary 

valleys network, along with the emphasized slope of 

the ditches and flanks generate a high instability. 

The local differentiations of the geological sublayers 

and the complementarity of the use of the Cindrel, 

Lotru and Şureanu mountain areas generate its own 

answer forms on the aggressive action of the 

torrential rainfalls on elementary segments with 

temporary functionality, as well as on permanent 

hydrographic thoroughfares. The tributary streams 

received by the Sebeş River in the Carpathian sector 

have small hydrographic basins and they do not 

exceed rank 4 in the Horton-Strahler classification 

system. Torrentiality is stimulated by the combined 

effect of snowmelt and spring rains, but mostly by 

the aggressiveness of the torrential summer rains, 

which take over a modified geomorphological 

background through excessive depasturage, 

deforestation and hydropower harnessing. The 

streams and the floods, through the accumulation of 

high volumes and energies, produce slope damages, 

riverbed shifts, blockages and the destruction of 

communications infrastructure, and material loss. 

Keywords: torrential system, morphohydrodynamic 

conditions, GIS, the Sebeş basin, the Southern 

Carpathians, Romania 

Rezumat. Torenţialitatea – Condiţii 
morfohidrologice în bazinul Sebeş (Grupa 
Munţilor Parâng, Carpaţii Meridionali) 

Acest studio prezintă condiţiile morfohidrologice 

care defines sistemul torrential din bazinul Sebeşului 

(Munţii Parâng). Manifestarea eroziunii torenţiale 

are loc în bazinele râurilor de diferite dimensiuni. 

Pentru a evidenţia diferenţele cantitative şi calitative 

din structura stream discharge, am recurs la 

determinarea unor indici geomorfologici precum: 

numărul de segmente ale râului, frecvenţa 

talvegurilor elementare, torenţialitatea incipientă sau 

totală. Densitatea mare a reţelei de văi temporare, 

alături de panta accentuată a rigolelor şi a malurilor 

generează o instabilitate ridicată. Diferenţierile locale 

ale substratelor geologice şi complementaritatea 

utilizării terenurilor din zonele montale Cindrel, 

Lotru şi Şureanu generează propriile forme de 

acţiune agresivă a ploilor torenţiale atât pe 

segmentele elementare cu funcţionalitate temporară, 

cît şi pe arterele hidrografice permanente. Afluenţii 

primiţi de râul Sebeş în sectorul carpatic au bazine 

hidrografice mici şi nu depăşeşc gradul 4 în sistemul 

de clasificare Horton-Strahler. Torenţialitatea este 

stimulată de efectul combinat al topirii zăpezilor şi al 

ploilor de primăvară, dar mai ales de agresivitatea 

ploilor torenţiale de vară, care preiau un cadrul 

geomorfologic modificat de păstoritul excesiv, 

despădurire şi amenajările hidrotehnice. Cursurile şi 

inundaţiile, prin acumularea unor volume mari de 

energie, produc pagupe ale pantelor, schimbări ale 

albiei, blocaje şi distrugeri ale infrastructurii de 

comunicaţii şi pagube materiale. 

Cuvinte-cheie: sistem torenţial, condiţii 

morfohidrodinamice, SIG, bazinul Sebeş, Carpaţii 

Meridionali, România 
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Introduction 

Torrentiality is a complex of morpho-

hydrodynamical processes specific to the mountain, 

hill and plateau areas, where the geological 

conditions and the relatively steep slope facilitate a 

concentrated stream discharge from rains or snow 

melting. The weather conditions, mostly heavy 

rainfalls cause sheet flows and floods, with a high 

potential of relief shaping. The intensity of the 

shaping and the effects in the geomorphological 

landscape depend directly on the morphometrical 

characteristics of the pre-existent relief, but also on 

the duration, the frequency and the intensity of the 

hydroclimatic phenomena. The literature highlights 

the bivalent feature of the torrentiality: 

geomorphological – as a complex action of the water 

resulted from downpours and snow melt, which 

create landforms (the torrential organism) (Vâlsan, 

1931; Posea, et al. 1970; Grecu, 2004; Ielenicz, 2004) 

and hydrological – as a temporary quick water 

stream, manifested through high and short-term 

floods, which cease shortly after the rain ends. 

(Sorocovschi, 2004; Pişota et. al., 2005). The two major 

meanings of the torrentiality and the feed-back 

relations between the geosystem components 

(climate, relief, waters) motivate a systemic and 

integrated approach and the study of the phenomena 

on small hydrographic basins. The figure 1 shows in a 

simplified manner the conditions that compete on the 

formation of the torrential system, this model being at 

the same time the basic structure of our study. 

 

Fig. 1 Conceptual pattern of torrential system 

Study area 

The Sebeş river basin covers a surface of 1289 

sqkm, of which the Carpathian basin, that we will 

deal with in this study, has a surface of 631.5 sqkm 

at Căpâlna. The hexagonal form of the Carpathian 

basin, approximately 40 km long, 25 km maximal 

wide and the median position of the accumulator 

have determined the development of lower order 

hydrographic basins with a length of maximum 15 

km and small surfaces (table 1 and 2). 

The high relief energy, the low ground level of the 

accumulator and the emphasized slope have 

determined the deepening of the tributary streams 

and the formation of short mountainsides with steep 

slopes, plotted by a dense valley network. This 

represents the main cause of the torrentiality in the 

Carpathian basin of the Sebeş river, which has a great 

weight and frequency especially in the gorge sectors 

of the Sebeş River, upstream of Şugag and between 

Şugag and Săciori and the tributary streams: the 

Bistra, Dobra, Prigoana etc. The high fragmentation of 

Gornoviţa leveling surface on the right side of the 

Sebeş river (Bistra – Şugag Valley and Dobra 

interfluves and Dobra – Nedeiul – Secaşul Mare and 

on the right side of the Sebeş river in the Jidoştina – 

Bârsana area) leads to geomorphologic imbalances in 

the highly rainy periods.  

The torrentiality has a periodicity and a 

spasmodic and fast manifestation, which depend on 

the nivopluvial supply type, subordinated to a 

mountain climate, with medium precipitation 

amounts between 700 -1200 mm/year and heavy 

torrential rains. The structural and lithological basis 

disposed through elementary processes, the 

deepening of the valley network and the formation 

of high energy relief mountainsides and slopes, the 

development of the mountain area through 

depasturage and forest exploitation and the 

hydropower harnessing of the basin represents the 

agents that emphasize these processes. The highest 
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imbalances are recorded after the torrential 

expressions on the deforested mountainsides or on 

those occupied by secondary pastures destined for 

pasturing activities. In the gorge of the Sebeş river, 

the torrentiality constitutes an extremely active 

process, which obstructs the national road 67C (the 

Transalpina) with large volumes of rocks detached 

from the mountainsides and endangers the 

settlements of the inhabitants and even their lives 

(Muşetoii- Dobra Stream, 1998, 1999). The torrential 

features in the 1990s have constituted the basis of 

the classification of the Sebeş river basin in the 

section V of PATN (National Spatial Plan) – Natural 

risk zones (approved by law 575/2001), with high 

precipitation amounts and high flood-risk due to  

river overflows and torrent effluxes. 

The role of relief in the producing of 

precipitations 

Being a part of the Southern Carpathians, the 

mountainous Sebeș-river basin is under the climatic 

conditions of the continental temperate climate, 

whereby diversification features occur, due to: the 

northern exposure of the basin and its position on the 

dominant western air circulation, the layout of 

summits and valleys against the circulation of air and 

the disposition in altitude (Costea, 2005). The high 

relief energy on the valley corridors of the Sebeş River 

and its tributaries (200 – 600 m/sqkm), the 

verticalness of the versants and the thermobaric 

characteristics which vary depending on altitude, 

determine local air circulation phenomena during the 

day (mountain-valley winds) accompanied by air 

condensation processes and huge precipitation 

especially on summer days in the Carpathian basin. 

The steep versants of the valley between Oaşa and 

Săsciori and the mountainous summits nearby 

reaching altitudes of 1700 – 1200 –  1000 m represent a 

“condensation ceiling” (Dragotă, 2006; Bogdan, 2008) 

causing huge precipitation. When the cyclone activity 

is intense, there is abundant precipitation, the average 

yearly/daily quantities reaching maximum values.  

The most representative role in the mountainous 

basin, with respect to the precipitation regime, is 

played by the Oaşa intra-mountain depression, 

whose concave surface occupied almost entirely by 

the Oaşa storage lake, in addition to the summits 

nearby, induces thermal differences and surplus 

humidity. The closing of this depression towards 

north, through the Sebeş defile, and its wide 

opening towards south facilitates the accumulation 

of air masses drawn by the south-western and 

southern circulation which crosses the Southern 

Carpathians. The configuration of the summits in 

the upper sector of the basin facilitates the entrance 

of the air into this depression.  

For the Carpathian basin of the Sebeş river the 

Păltiniş station is representative. The records of 

precipitations made between 1970 and 2007 at this 

station indicate that the annual amounts of 

precipitations exceeded the multi-annual average 

figure (i.e. 970.84 mm) in 19 out of the 37 years, of 

which in 17 years the annual amount was above 1000 

mm p.a. In most of the cases (twelve), the surplus 

measured against multi-annual average amounts was 

in the range of 100 – 500 mm p.a. The highest 

monthly precipitation amounts recorded in this 

interval in the mountainous Sebeș basin were greater 

than the mean multi-annual monthly figures by 50–

200 mm. The surplus of the highest monthly average 

figures as taken against the average multi-annual 

monthly figures was 50–75 mm during winter 

months. The maximum surplus were recorded during 

the summer, and amounted to 100–200 mm. 

The distribution of the maximum amounts of 

rainfall per 24 hours is also according to the basin 

distribution in altitude. In the mountainous basin of 

Sebeş river, the maximum amounts of precipitations 

for 24 hours account for 50 – 85% of the mean multi-

annual monthly figures recorded (in 3 cases, these 

figures were exceeded altogether: 54.5 mm/10 

February 1984, 56.4 mm/13 October 1998, and 55.4 

mm/3 January 2007). The maximum diurnal figures 

were still recorded in the warm season: 76.8 mm on 

08 May 1987, 68.6 mm on 23 June 1999, 67.4 mm on 

11 July 1994; the first value is also the absolute 

maximum 24-hour figure for the Păltiniş station 

between 1986 and 2007. The diurnal maximum 

figures occur due to an association of pressure highs 

and lows with altitude. Above the basin, 

transformations of the dominant oceanic air masses 

and the Mediterranean cyclones take place, upon 

their contact with the orographic barrier of the 

Southern Carpathians (Dragotă, 2006).The major 

thermal convection taking place in the summer 

along with the condensation platform that is 

generated by the steep mountain sides and the high 

summits of the basin determine the increase of the 

maximum precipitation amounts for 24 hours. Still, 

these occur within the limits of the mean multi-

annual monthly figures that are recorded for the 

months when they occur. Compared against the 
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warm season, the poor thermal convection of the 

cold season as well as the domination of the 

continental pressure lows determines low 

precipitation levels, regardless of altitude.  

Data and Methods 

This paper focuses on direct land observation, on 

the calculation and the interpretation of 

morphometrical indicators in the topographic maps, 

with GIS software. The extraction of 

geomorphometrical elements was made through the 

direct measurement of the topographic maps scale 

1:100.000, completed with detailed land 

measurements and on maps with a higher scale       

1:50.000 and 1:25.000. The hierarchization of the 

hydrographic network was made in the Horton 

(1945) – Strahler (1962) system, through the 

assignment of the first rank to the elementary units 

that do not receive any tributary stream and through 

the quantitative and qualitative jump resulted from 

the fusion of two streams of the same rank (table 1). 

Using the hierarchization of the hydrographic 

network the major tributary stream basins were 

selected, calculating individually or cumulated the 

morphometrical parameters for the Sebeş river basin: 

the lengths of segments, average drainage density, 

frequency of the elementary river segments, incipient 

and total torrentiality. All parameters are presented 

by means of a synthetic chart in table 1 and 2. 

Table 1 The number of segments of different orders Nx, the summed length of the segments Nx (L), 

average length (l) 

Basin F 

(sqkm) 

N1 L1 (km) l1 (km) N2 L2 l2 (km) N3 N4 N5 N6 N7 

Frumoasa 62,47 70 69,3 0,99  11 29,2 2,65 2 1 - - - 

Tărtărău 21,1 23 19,7 0,86  6 9 1,5 1 - - - - 

Curpăt 23 18 19,8 1,10  3 7,4 2,47 1 - - - - 

Sălane 46,95 66 55,3 0,84  13 15,2 1,17  3 1 - - - 

Valea Mare 8,20 12 11,6 0,97  2 3,1 1,55  1 - - - - 

Cibanul 53,17 38 37 1,09  8 16,6 2,08  2 1 - - - 

Prigoana 29,87 38 33,4 0,88  8 10,4 1,3 3 1 - - - 

Gothul 14,11 16 14,7 0,92  3 5,5 1,83 1 - - - - 

Miraş 18,01 25 19,7 0,79  2 9,2 4,6 1 - - - - 

Bistra 51,5 60 57,6 0,96  11 17,2 1,56 2 1 - - - 

Dobra 90 125 111,2 0,89  23 28,2 1,23 4 2 1 - - 

Groşeţul 13,36 19 14 0,74  5 5,7 1,14 1 - - - - 

Mărtinie 40,86 88 58 0,65  20 17,5 0,88 3 1 - - - 

Nedeiu 16,29 37 26,5 0,72  6 9,6 1,6 2 1 - - - 

Sebeş at Căpâlna 631,5 810 705,2 0,87  152 218,8 1,44 32 9 2 1 - 

Sebeş  

watermouth 

1289 1434 1239,3 0,86  293 521 1,78 70 20 4 2 1 

Source: calculated data 

Concerning the cartography of the 

geomorphologic indices, we mention that two major 

tributary streams have been selected: the Frumoasa 

with the basin developed in the high mountain sector 

and Nedeiu for the low mountain and piedmont 

sector. The maps were created in ArcGIS 9.3.1 and 

SAGA (Open Source). The vectorization files were 

converted in raster and TIN format. Using the Raster 

Surface toolbar we created the slope and 

mountainsides’ display maps. The raster file was 

used as well in processing the hierarchization of the 

hydrographic network map (Strahler). As an 

intermediary step in the accomplishment of this map, 

we created the drainage direction map. For the 

procession of the other maps we used SAGA, the 

newer version of DIGEM. Maps illustrating the plan 

form curvature, the profile curvature, the wetness 

index and the erosion potential have been created 

with this program. 

Results and Debates 

Morphometrical Features of the Relief 

The morphometry of the relief, through the 

specific indices (the hierarchization of the 
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hydrographic network, slopes), represents one of the 

major agents that encourage the torrentiality in the 

Sebeş river basin. The analysis of the 

morphometrical peculiarities provides us valuable 

data on the evaluation of the torrentiality through 

the outline of dispersion or drainage concentration 

areas and those of predominant erosion or 

deposition. In order to highlight these aspects, we 

have resorted to GIS applications and to indices of 

the plan form curvature and profile curvature. 

The hierarchization of the drainage network was 

made in order to mark out the number and the 

length of the low order segments, which contribute 

on the calculation of the total and incipient 

torrentiality. All the tributary streams that the Sebeş 

river receives inside the gorge in the low mountain 

level and at the contact area between the mountain 

and the depression have small surface basins and 

they are of lower orders. Dobra is the tributary 

stream with the biggest hydrographic basin (90 

sqkm) and Valea Mare, left-side tributary stream at 

Oaşa has the smallest basin (8.20 sqkm). Most of the 

tributary streams have basinal surfaces between 15 – 

50 sqkm and are of the third (Groşeţ, Valea Babei, 

Goth) and forth order (Nedei and Mărtinia) (table 1). 

The valleys are over-deepened in the confluence 

areas with the Sebeş river, well represented from the 

interfluves, which have a low operation and whose 

surface restraint is more and more deepened, as a 

consequence of the mountainside processes and the 

regressive erosion.   

From the morpho-dynamical point of view, the 

Carpathian sector is characterized by a high shaping 

potential as a result of the prompt rainfall 

concentration on the elementary river segments 

(first order) (table 2) and the possibility of 

production, through energy accumulation of 

maximum flood waves on the main ditch. The water 

drainage off the mountainside happens in short time 

and the torrential flood evacuation takes place with 

the mentioning of the risk factors, especially on the 

tributary streams of the Sebeş river (Costea, 2005). 

The values of these parameters are continuously 

changing, being in strong correlation with the 

physical-geographical features of the Sebeş river 

basin. Their dynamics is enforced by certain 

variables: the tectonics, the lithological diversity, the 

expression intensity of the prior erosion processes, 

drainage regime, forestation level, the anthropic 

impact through the forest activities, excessive 

depasturage and the hydroenergetic arrangement of 

the Sebeş river basin, developed on the general 

northern exposure and that of the phenomena and 

geographical processes range. The high number of 

river segments of the first and the second order from 

the mountain area can be explained by the presence 

of a thick alteration crust (2 – 3 m), the intensity of 

the elementary processed and the shaping exerted 

by the concentrated drainage. The density network 

of the first, second and third order from the 

submountain area reflects through its values the 

morphological and structural contact between the 

mountain and the depression. The low development 

of the tributary stream basins and the high 

frequency of the short-length elementary network 

correspond with the relief fragmentation values. (1,6 

– 3.6 km/sqkm, 200 – 500 m). 

The medium length of the elementary segments 

(first order) is low, on an average below 1 km and 

varies from 0.65 km in the Mărtinie basin up to 1.10 

km in the Curpăt basin. Likewise, the second order 

segments are quite short, with an average length 

between 1 km and 2.65 km, which determines the 

concentration time of the rainfall water be very short. 

Ascribing the length of the lower order river 

segments to the area occupied by the 

hydrographical basins of the Sebeş river tributary 

streams, enabled us to obtain the torrentiality 

indices (table 2). The incipient torrentiality has the 

highest values in the Valea Mare basin (1.42 

km/sqkm) developed in the upper basin of the Sebeş 

river, in the Mărtinie basin (1.42 km/sqkm) and in 

Nedei basin (1.63 km/sqkm). The lowest values of 

the torrentiality registered in Prigoana basin (0.11 

km/sqkm), Ciban basin (0.7 km/sqkm), Curpăt basin 

(0.86 km/sqkm) on the one hand because of the 

basinal surfaces relatively short and on the other 

hand due to the percentage  of the depresionary 

landscape (the depresionary lower basins are very 

well developed on altitudes between 1300- 1450). 

The total torrentiality presents values that are 

clustered in three levels: 1 – 1.5 km/sqkm (Table 2), 

1.5 – 2 km/sqkm and 2 – 2.5 km/sqkm. The lowest 

values are found in the basins of the upper sector 

tributary streams and the highest values are 

registered in the basins of the Sebeş river tributary 

streams from the contact area between mountain 

and holler (Nedeiu – 2.22 km/sqkm) or in the basins 

developed over a crystalline schist base in the 

epizone, easily alterable and shapeable (Mărtinie, 

Dobra, Miraş). 
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Table 2 The frequency of elementary river segments (υ1), the incipient torrentiality (Ti), the total 

torrentiality (Tt), the average drainage density (Dd) 

Basin F 

(sqkm) 

υ1 = ∑N1/F 

N1 / sqkm 

Torrentiality km/sqkm Average drainage 

density 

∑L / F (km/sqkm) 
Incipient 

∑L1 / F 

Total 

∑(L1+L2) / F 

Frumoasa 62,47 1,12 1,11 1,56 1,58 

Tărtărău 21,1 1,09 0,93 1,36 1,64 

Curpăt 23 0,78 0,86 1,18 1,45 

Sălane 46,95 1,41 1,18 1,50 1,87 

Valea Mare 8,20 1,46 1,42 1,79 2,13 

Cibanul 53,17 0,64 0,70 1,01 1,20 

Prigoana 29,87 1,27 0,11 1,47 1,82 

Gothul 14,11 1,13 1,04 1,43 1,59 

Miraş 18,01 1,39 1,09 1,60 1,73 

Bistra 51,5 1,17 1,12 1,45 1,69 

Dobra 90 1,39 1,24 1,55 1,90 

Groşeţul 13,36 1,42 1,05 1,47 1,79 

Mărtinie 40,86 2,15 1,42 1,85 2,26 

Nedeiu 16,29 2,27 1,63 2,22 2,49 

Sebeş at Căpâlna 631,5 1,28 1,12 1,46 1,78 

Sebeş flowing into 

Mureş 

1289 1,11 0,96 1,37 1,71 

Source: calculated data 

The determination of the hierarchization order of 

the hydrographic network in the Sebeş river basin 

and the comparative analysis of the 

geomorphometrical indices from the tables above 

enabled use to select the following features: the 

segments from the first and the second order belong 

to the upper course of the Sebeş river tributary 

streams – ravines, gullies in different stages of 

development, marked by a linear regressive erosion 

(Rădoane et al, 1999); the torrents’ supply basins – 

situated around the high peaks are drained only by 

an elementary network, which in the conditions of 

torrential rainfalls directs a part of the hydrologic 

flux loaded with a solid formation resulted from the 

eluvial and eluvial-deluvial deposits to the not so 

deep second order ditches, but having steep slopes, 

favorable locations for torrents and floods 

occurrence; the third and forth order segments 

correspond to a permanent hydrographic network – 

medium and lower courses of the tributary streams, 

on which a deep linear erosion and the material 

transportation are manifested. 

The terrain declivity represents a very important 

morphodynamic indicator by the capacity of 

determination of erosion or accumulation processes 

according to the water volume energy (kinetic or 

potential) (Goţiu, Surdeanu, 2008). From the map 

slopes analysis for the two tributary streams of the 

Sebeş river – Frumoasa (in the upper basin) and 

Nedei (at the contact area between the mountain 

and the holler) results that the lower slopes are 

found at the level of the interfluves, where mostly 

the areal erosion processes with medium to strong 

intensity action, combined with the diffuse flow 

processes, spread especially at the level of erosion 

platforms and the forest denuded mountainsides. A 

part of the materials stored in the eluvial and 

eluvial-deluvial deposits are trained in displacement 

by these processes to the closest sources and river 

valley passage ways. The torrents’ supply basins, 

situated around the high tops represent the most 

favorable relief for the snow accumulations as well, 

which provides wetness for the alteration crust or 

water volume for the drainage. Low slopes are 

found also in the river meadows (Frumoasa, 

Prigoana, Ciban, Curpăt), depressionary small 

basins, where the slope facilitates the accumulation 

phenomena and the excessive wetness (fig. 2).  

The most frequent declivity values overpass 

values between 40o and 60o, mostly on the upper 

half of the mountainsides and at the mountainside 

feet (glacises), where erosion areas can be identified. 

The torrential valleys, with the not so deep 

drainages, but with deep slopes are favorable places 
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for torrents. The immediate effects of the 

phenomena are the dislodging of the unconsolidated 

material on the mountainside (cliffs, stone blocks, 

mobile and semi-mobile scree) and the vegetation 

and soil covering destruction, creating the 

development premises for new processes (Rădoane, 

Rădoane, 2007). The torrential modeling is produced 

through the passage of material from the upper and 

medium level of the mountainside to the lower 

level. The change of the slope angle at the mountain 

feet conditions the alluviation and clogging 

processes, mostly at the tail of storage lakes and in 

depressionary small basins, where the materials’ 

storing is made according to the tributary rivers’ 

dimensions and competence. 

 

 

Fig. 2 Declivity in the Frumoasa (top) and Nedeiu basins (down) 

Slopes over 600 are specific to the half or third 

lower levels of the mountainsides. In these sectors, 

the torrentiality is restricted by the high forestation 

level of the mountainsides. In spite of the high 

forestation level, imbalances have occurred due to 

rainfall surplus. Deforestation and pasturing usage of 

the Porumbelu – Fântânele interfluve, developed on 

epizone crystalline schist, between Bistra and Dobra 

valleys, the numerous erosion forms set on the animal 

pathways, as well as the hydrotechnical development 

works created to pump the Dobra basin’s water in the 

pipe-lines to the Tău Bistra lake are the major factors 

in activating the imbalances. On this basis, the 

torrential manifestation during the rainy years (1998, 

1999, 2005) have created large size erosion and 

storage forms. The outfall fans of the road overflowed 

torrents endanger the traffic on the Trans- Carpathian 
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road DN 67 C (Transalpina) due to the material 

agglomerations as well as the Sebeş riverbed. 

Slope length factor - LS - (fig. 3) constitutes an 

index of the topographic area features, that 

cumulates two major indicators in the mountainside 

drainage, namely the slope and the length of the 

mountainside. This index is used in the erosion rate 

adjustment in the universal equation of the soil 

erosion (Wischmeier et al, 1978, Renard et al, 1996). 

This index was calculated using the numerical 

model of the soil (DEM) priorily resulted by a GIS 

processing and shows the length of the course 

followed by the hydric flux on a mountainside from 

any point to the closest location in which the slope 

change determines the accumulation, the stagnation 

or the divergence of the flux. 

 
 

 

Fig. 3 Length slope for the Frumoasa (top) and Nedeiu basins (down) 

Hence, the length of the slope is very useful in 

the identification of the drainage and erosion 

intensity (Rădoane et.al., 1999). The raise of the slope 

determines the raise of the drainage erosion power 

and the development of the flux transport capacity. 

The transport capacity is directly related to the slope 
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length and implicitly, to the expansion of drainage 

area.  The high values of the LS factor are found 

along the valleys, on the ditches and in the 

hydrographical or torrential convergence areas. The 

differences between the values resulted on the two 

hydrographic basins are determined by the altitude 

differences. The high values (160 – 200 – 300) 

indicate an increasingly transport capacity from 

upstream to downstream on the first and the second 

order river segments. The low values of the factor 

are found on the interfluves’ level, where flat or 

nearly horizontal surfaces are representative, 

specific for the Borăscu (for Frumoasa) and 

Gornoviţa (for Nedeiu) erosion platform. The 

medium values (80 – 140) are found on the 

mountainsides, which are very well forested in the 

entire Sebeş river basin and reduce the drainage 

transport capacity through the vegetation role as 

fixation factor and wetness stochastic structure. 

Profile curvature represents a morphometric 

index of the relief which emphasizes the concave or 

convex contour of a profile section, perpendicular 

section on a horizontal surface adequate to the level 

curvatures that cross that shape (fig. 4 top).  

 

Fig. 4 Distribution of profile curvature (Frumoasa basin – top) and plan curvature (Nedeiu basin – down) 
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The profile curvature shows us if a certain point 

on the standard profile of the landform 

(mountainside) is situated in a concave or convex 

curvature area. This indicator is very useful in 

pointing out the erosion sectors and the mountainside 

accumulation sectors (Giuşcă, 2006; Goţiu, Surdeanu, 

2008). The positive values on the profile curvature 

maps indicate the shape convexity, which amplifies 

the drainage speed and implicitly, the erosion. These 

are found on the inter-river areas and in the upper 

half of the mountainsides. The high profile curvature 

values are situated at the middle of the 

mountainsides, which facilitates a rapid drainage 

from the mountainsides to the valleys’ bottom. The 

negative values indicate concavity, which entails a 

drainage speed reduction and an accumulation. 

Notable is the distribution of the negative values in 

the Frumoasa basin and their overlap on the 

development areal of the meadows in the 

depressionary small basins of Frumoasa. 

For the Nedeiu basin, the negative values of the 

profile curvature coincide with the torrential 

convergence areas.  

The plan form curvature (fig. 4 down) indicates 

the convexity and the concavity of a perpendicular 

surface toward the maximal slope of the 

mountainside and emphasizes the dispersion or the 

drainage concentration areas. The positive curvature 

indicates a convex area and a divergent drainage in 

that cell. The negative curvature indicates a concave 

area and therefore a convergent drainage. The zero 

value indicates that the surface is flat. The maps 

created on the two representative basins bring out a 

range of values. The plan form, drainage free or low 

drainage areas, numerous at the level of inter-river 

peaks and on the bottom of the valleys in the 

depressionary small basins are clearly detached. 

Concave and convex areas are disposed on 

alternative strips across the mountainsides in the 

both cases, which determine the development of 

concentrated drainage strips or divergent drainage 

strips from the upper level of the mountainsides to 

the lower level. The negative values are found as 

well on the upper level of the mountainsides and 

correspond to the torrential convergence areas. 

Features of the torrential drainage 

The calculation, the graphical representation and 

the cartography of the indicators which the drainage 

depends on, as well as the analysis usage of the GIS 

methods represent an important approach in the 

determination of the causes of torrentiality. Among 

the extremely relevant indices in the torrential 

drainage analysis we mention the stream power 

index and the wetness index. 

Stream power index – SPI – indicates the energy 

rate dissipated by the hydrologic flux resulted after 

its action on the elementary ditches or on the 

channels’ riverbeds and shores. This index stands on 

a proportionality relation between the discharge and 

the reception basin area and between the discharge, 

the erosion power and the ditch slope. (Moore et al., 

1991, Irimuş et al., 2005). This index indicates the 

erosion inside the convex-shaped areas (with an 

accelerated drainage) and the accumulation inside 

the concave shaped areas (drainage speed 

reduction) (Irimuş et al., 2005) (fig. 5). Since this 

index depends on the shape order of rivers and 

basins, we notice that inside the Sebeş river basin, on 

its tributary streams of forth order at most (Horton – 

Strahler hierarchy) the low values of this index are 

dominant (fig. 5), and the highest values are found 

along the main collector. Comparing the two sub-

basins of the same order (IV) we notice that 

Frumoasa has a higher erosional power than Nedeiu 

(maximum 130 000 W/mp, beside 40 000 W/mp). The 

values are differentiated due to the altitude and the 

higher slopes inside the upper basin of the Sebeş 

river, but mostly because the surface differences 

(Frumoasa has a basin four times wider than 

Nedeiu) (table 1). Even if the low values are heavily 

predominant, yet the cumulation of discharges and 

energies represents a real danger in the convergence 

areas and on upper order ditches. 

The drainage is directly influenced by the lands’ 

using mode. In the entire Carpathian sector of the 

Sebeş river basin transformations have been 

produced, concerning the lands’ use, as a 

consequence of the high potential mountain habitat, 

due to the pasturage - main activity in the marginal 

emplacements and not lastly due to the 

hydroenergetical development of the hydrographic 

network and the exploitation of the forestry 

potential. Hereby, the place of the forests has been 

taken by grazing lands, approach roads have been 

crossed and permanent (Jina, Poiana, Arţi, Jidoştina, 

Tău Bistra) or temporary establishments (rooms, 

dwellings, sheepfolds) have been built up. These 

changes of the lands’ using mode have influenced 

the wetness index (fig. 6). This index has an 

important role in the progress of elementary 

processes, but mostly in the streams’ supply. The 
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cartographic representations of this index for the 

two case study basins indicates a distribution 

directly proportional to the altitude, the highest 

values of this index being encountered on the upper 

mountain level and decreasing to the mountain feet. 

The high wetness is found at the stage of low 

drainage leveling areas (Borăscu and Gornoviţa), in 

the torrential reception basins of the low order 

tributary streams, conducive to snow accumulations 

in the river plains. The index differs as well upon the 

slope and the vegetation type. 

 

Fig. 5 Stream Power Index in Frumoasa (top) and Nedeiu basins (down) 
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Fig. 6 Wetness index in Frumoasa (top) and Nedeiu basins (down) 

Hereby, the high wetness is encountered on the 

quasi-horizontal or low-slopes areas occupied by 

pastures, while the sloped and well forested areas 

register a low-valued wetness index. The forested 

areas have a low wetness index, on the one hand 

because the trees’ exploitation in physiological 

processes and on the other hand because of the 

infiltration facilitated by the radicular system. The 

presence of the trees should diminish the drainage 

by the raise of the ruggedness index. Yet 

surprisingly, the torrentiality occurs even in forested 

areas, and on the ditches the material-transport 

torrents cause damages by the dislocation of rock 

blocks and tree truncks (Muşetoaia 1998, 1999) (fig. 

7, fig. 9). Lelong (1984) quoted by Surdeanu (1998) 

mentions that the forest’s role in the induction and 

evolution of the geomorphological processes is 

debatable and that on many times the forest 

represents a destabilization factor for the 

mountainsides by the permeability increase and the 

reduction of sublayer cohesion during the rainy 

periods. 
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Fig. 7 Drain channel of Mușetoaia stream - June 

1999 

 

Fig. 8 Torrent channel in the Frumoasa basin 

 

Fig. 9 Debris fan of  Muşetoaia stream – June  1999 

The wood torrential drainage is possible due to 

the high-slopes rain gutters area, which enhances the 

water flowing speed, due to the fast rainfall 

concentration, encouraged by the funnel 

configuration of the water sources, the high density of 

the fragmentation above the forests’ upper limit and 

the high values of the peaks’ wetness index. The 

wetness’ increase determines a low infiltration 

capacity of the rainfall waters. Likewise, because of 

the pasture cover, the vegetation’s water 

consumption is low, as well as the raggedness, which 

amplifies the drainage. 

The torrential modeling in the Carpathian sector, 

manifested by a maximum intensity on the 

interfluves’ and mountainsides’ level, on the medium 

and lower mountain layers, has led to their 

destabilization and a medium-advanced deterioration 

of the torrents’ action areas. For this reason, in the 

Carpathian basin, torrents harnessing, the 

construction downstream the main dams or drift 

discharge underpinnings. Every year, in the Sebeş 

river gorge, the forms are reactivated and new-cone 

generations develop, with a low balance material. In 

this sector, there is the permanent risk of reactivating 

the materials from the dejection cone, the risk of 

blocking the highway and the minor riverbed, 

shaping lacustrine areas, which floods the forest 

vegetation. The dislodging of the big-size solid 

material (0.5 – 1.5 m diameter blocks), from the upper 

level of the mountainsides to the mountain feet, also 

leads to the mountainside forest’s degradation (fig. 8). 

Such situations are encountered in river basins as 

Dobra, Bistra, Mărtinie, Groseşti etc. 



 
 

Torrentiality – Morphohydrographical Conditions in the Sebeş Basin (The Parâng Mountains Group, Southern Carpathians) 

208 forumgeografic.ro 

Conclusions 

The intensity and rhythm of the flowing processes, 

especially the major ones, like torrentiality, in 

geological, morphological, bio-pedo-climatic and 

anthropic conditions, inside the Sebeş river basin lead 

to the degradation of soils, establishments and 

infrastructure. For the entire mountainous basin of 

the Sebeş river, there are some conclusive aspects to 

be drawn, namely: the morphometrical relief 

peculiarities (altitudes, slopes, relief energy) are 

conditions that facilitate the torrentiality; the high 

gravity of the concave areas determines a drainage 

concentration and encourages the hydrologic flux 

accumulation; faster drainage concentration on 

elementary segments and mountainsides is 

encouraged by the surface distribution of the LS 

index and the profile and plan form curvature 

indices; the high wetness index in the reception 

basins determines the decrease of the rainfall 

infiltration capacity; the material damages registered 

on the episodic manifestation of torrentiality gives a 

risk character to this phenomenon. For this reason, a 

continuous monitoring, especially hydro-

meteorological, of the entire environment conditions 

is necessary, mappings and detailed relief study for 

issuing evolution forecasts and elaborating an 

optimization program for developing the 

surrounding geographical area. 
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