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Analiza morfometrică în bazinul Cărpeniş. Bazinul pârâului Cărpeniş este un subbazin al Topologului, înscriindu-se 
în unitatea Subcarpaţilor Vâlcii. Reprezintă cel mai dezvoltat subbazin al Topologului ca suprafaţă şi formă; în dreptul 
său Topologul înregistrează lăţimea sa maximă, extremă. Forma bazinului se abate numai cu puţin de la unitate, 
caracterizându-se printr-o pondere ridicată a rotunjimii în partea sa superioară. Direcţia de drenaj este una de la nord-
vest la sud-est, oblică faţă de a cursului Topolog. În sistem Horton-Strahler bazinul are ordinul 5. Dacă modelul 
morfometric al drenajului pune în evidenţă caracterul tânăr al reţelei înspre ordinele elementare (număr mare, lungimi 
reduse, pante mici, densitate mare a fragmentării) şi deci eroziunea accentuată, în schimb, modelul suprafeţelor şi cel al 
perimetrelor arată un bazin al Cărpenişului aproape de realizarea ordinului de mărime pe care îl poartă (5). Acest aspect 
reiese din poziţia punctelor de intersecţie a dreptelor suprafeţelor medii şi însumate ca şi a dreptelor perimetrelor medii 
şi însumate.  
Forma care s-a menţinut rotunjită, ca şi gradul apropiat de realizare din punctul de vedere al suprafeţelor şi perimetrelor 
se pot explica urmărind evoluţia reţelei hidrografice în acest bazin. De la un segment de curs iniţial, consecvent, bazinul 
a evoluat pe direcţie subsecventă prin două pâraie, Beuci şi Sorbul. Extinderea bazinului subsecvent prin eroziune 
regresivă a fost împiedicată la un moment dat de conglomeratele burdigaliene din vest (Vf Măgura), care în acelaşi timp 
au protejat dezvoltarea bazinului faţă de afluenţii Oltului. În caz contrar, Sâmnicul, afluent al Oltului, cu nivel de bază 
mai scăzut ar fi captat izvoarele de obârşie. Ultima fază, care se produce în prezent, corespunde cu o extindere prin 
eroziune regresivă a unui segment consecvent dar de vârstă recentă, în dreptul Vf. Alângului. 

 
 

Study area 

 

The Cărpeniş catchment, with an area of 19.6 
km2, is a subbasin of the Topolog River and 
belongs to the Vâlcea Subcarpathians (Badea, 
Dinu, Rusenescu, 1992; Dinu, 1999; Tufescu, 
1966; Ielenicz et al., 2003).   

The Cărpeniş River is a 5th-order stream in 
the Strahler system, flowing northwest-
southeastwards, in an oblique direction relative 
to the mainstream. Its source (at over 830m) lies 
just beneath the Măgura Peak and the 
confluence with the Topolog River at 460m. 

The Cărpeniş catchment is carved in molasse 
deposits of Burdigalian age (Mutihac et. al., 
2004), represented by an alternance of 
conglomerates, sands, marls, marly limestones, 
sandstones, etc. The bedding of the strata is 
monoclinal with a slight north-south and 
northwest-southeastwards  inclination, without 
major tectonic complications, a typical bedding 
of this Subcarpathian sector. The structure 
builds up cuestas, structural surfaces and 

consequent, subsequent and obsequent valley 
types in the landscape. 

The oblong hills seem to continue those in 
the Carpathians, reflecting a unitary evolution 
with the mountains. The relief was modelled 
progressively and slowly from north to south, 
with periodical transgressions and regressions, 
the trend being gradual exundation. On the 
other hand, Mihăilescu (1946), talks about a 
common genesis, up to a point, with the Getic 
Piedmont: the Subcarpathian relief was 
exhumed by erosion from under the piedmont-
like gravel-cover, and the limit with the 
piedmont slowly migrated to the south. 

On the background of +2 mm/year 
neotectonic movements (Zugrăvescu et. al., 
1998), slope processes (erosion and lanslides) 
are intensified in places with a high relief 
energy and steep declivity.  

Typical slope processes are mass movements 
(especially landslides) and water-erosion, 
closely intertwined with channel processes. 
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Morphometrical aspects 

 
The morphometrical analysis of landforms 
follows the hierarchisation of the catchment’s 
river network, in the form proposed by Horton 
(1945) and completed by Strahler (1952) (cited 
by Grecu, 2003). Evolution laws and models of 
the main drainage basins’ parameters were 
elaborated based on this classification system. 

In Romania, the Horton-Strahler laws for the 
hierarchisation of the river network were tested 
in various and complex relief units (Zăvoianu, 
1978, 1985, 1990, 1997; Sandu, 1980, 2003; 
Grecu, 1980, 1992, 2003; Ichim, 1989, Grecu, 
Comănescu, 2001, etc.). 

The present study aims firstly at verifying 
the valability of Horton’s laws, as well as at the 
quantitative assessment of the state of the 
catchment’s dynamic equilibrium and its future 
evolution. 

As for the valley network of the Cărpeniş 
catchment, the exterior segments (the 1st-order 
ones) were extracted from the topographical 
map on the scale of 1:25 000, following the 
inflexions of contour lines according to 
Shreve’s slope criteria (1974, cited by Ichim et 
al., 1989), and completed with field mapping. 
The result was the identification of a number of 
five orders of magnitude (fig. 1). 

The catchment’s shape was quantitavely 
evaluated using two indexes: 
1. The shape index introduced by Gravelius: 

K=P/2 ΠR=1.45 
2. The shape ratio (Zăvoianu, 1978)  

Rf = F/(P/4)
2
=

 
0.6 

By comparing the catchment’s shape to the 
reference unit (circle and square, respectively), 
a similar difference from unity, of 
approximately 0.4, has resulted.  

The rounded section, which is situated in the 
upper part of the basin, while the elongated one 
occupies its lower part, corresponds to the 
natural evolution of the rounded shape of the 
basin from up-to-downstream. The fact that the 
rounded section covers a larger area than the 
elongated one shows this subbasin to be more 
evolved in terms of shape, actually the most 
evolved one within the Topolog basin. 
Noteworthy is the evident asymmetrical 
character, the catchment being mainly developed 
on the right side. 

The catchment’s two extreme edges 
(northern and western) reflect two phases in its 
evolution. In the west, there is a backward 
erosion extension of a typical subsequent basin; 
in the present phase, extension at this spot is 
rendered difficult by the Olt’s tributaries, on the 
one hand, and by the presence of 
conglomerates, on the other. The second 
extension, in the north, corresponds to the 
passage from a typical subsequent basin to a 
consequent one, because of the obstacle met in 
the west, fact proven also by the oblique 
direction of the main river flow. 

 

 

The number of river segments of different 

orders and the frequency of elementary 
channels (fig. 2) 

 
The mean value of the confluence ratio (RC) for 
the Cărpeniş catchment is 4.12, with a 
maximum of 4.92 at the segment couple of 2nd- 
and 3rd-order streams showing maximum 
ramification with elementary orders, i.e. in 
torrential catchments. The inclusion of Rc 
within the value interval of 4-5 is specific to 
hilly and plateau regions, as other studies show, 
too (Grecu, 2003). 

The frequency of elementary channels, 
computed by rationing the number of 1st-order 
segments to the total basin area, is 13.78 
segments/km2. 

The torrentiality degree, resulting from the 
product between the frequency of elementary 
channels and drainage density, is 74.1 for the 
whole basin, even higher in the case of some 
3rd-order catchments (271.19; 128.88; 120.33). 
This proves the possibility of rapid water 
concentration during heavy rain events, a 
phenomenon supported also by the shape of the 
Cărpeniş catchment, at least in its upper sector. 

 
 

The law of river segment lengths (fig. 2) 
 

In the case of summated lengths, the registered 
deviation with 5th-order streams is due to the 
elongated shape of the catchment towards the 
river mouth, which hinders passage to a new 
order of magnitude and implicitly the 
continuous reduction of length with order. The 
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ratio of summated lengths yields a value of 
2.28, falling into the interval of values specific 

to the hilly and plateau regions of this country 
(Grecu, 2003). 

 

 
 

Fig. 1 The Cărpeniş Catchment. Hierarchisation of the River 'etwork 
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Regarding the geometrical progression of 
average lengths, the 2.07 ratio, shows that there 
is no need for a great length for a river segment 
to pass onto a higher order.  

The measured values are plotted in a semi-
logarithmic graph upon which trend lines were 
drawn with the help of which theoretical values 
can be extracted (fig. 2). 

Although the numerical percentage of 1st-
order segments per total number of segments 
within the Cărpeniş catchment amounts to 
76.9%, their length (L1) represents only 61% of 
the total length, which yields a mean length of 
approximately 0.24 km. It is a typical situation 
for the Subcarpathians, which are of recent age: 
high fragmentation but reduced evolution grade 
expressed in short stream lengths. 
 

 

Fragmentation density 
 

The mean drainage density of the Cărpeniş 
catchment is 5.38 km/km2. 

In order to analyse relief horizontal 
fragmentation, the entire channel network 
depicted on the hierarchisation map was taken 
into account, considering the importance of the 
torrential net in the present-day modelling of 
the relief (fig. 1). For 3rd-order catchments the 
values of fragmentation density vary between 
4.49 and 6.28 km/km2. There are also areas 
considered intrabasinal at the 3rd-order level, 
less fragmented and thus with lower values. 

 
 

Fig. 2 The Cărpeniş  Catchment. Drainage Model 
 

Table 1  

The Cărpeniş Catchment. Data on the Drainage Model   

Parameter       Order     Ratio Total  
   1 2 3 4 5   

No. river segments 
 (N) 

Measured 
(m) 

270 64 13 3 1 Confl. ratio ∑ N 

Computed © 263.68 64 15.53 3.77 0.92 Rc = 4.12 351 
Frequency of river 
segments 
N1/F(km2) 

 
13.78 

      

 
      

Number of river 
segments  
per  total 
 (%) 

 

76.9% 18.2% 3.7% 0.9% 0.3% 

 

100% 
  

 
 

Cumulated 
percentage  

76.9% 95.2% 98.9% 99.7% 100.0%  100% 

Summated length 
L (km) 

Measured 
(m) 

64.11 22.96 10.86 3.10 4.42 RL = 2.28 ∑ L 

Computed © 52.35 22.96 10.07 4.42 1.94  105.45 
Summated  
length 
per  total (%) 

 
61% 22% 10% 3% 4% 

  
   
   

Mean length  
l (km) 

Measured 
(m) 

0.24 0.36 0.84 1.03 4.42 rl = 2.07 ∑ l 

Computed © 0.17 0.36 0.75 1.54 3.19  6.89 
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The drainage density values rise with the 
decrease of the order of magnitude, even above 
8..9 km/km2, because the degree of 
abstractisation decreases. There is another law 
characterising this behaviour, i.e.: the drainage 

density for increasing orders of magnitude 

forms a decreasing geometrical progression, in 

which the first term is the drainage density of 

1
st
-order basin (D1), and the ratio is given by 

the densities ratio (RD) (Grecu, 1980, 1992, 
Armaş, 1999). With lower orders, one segment 
drains a much smaller area, while with higher 
orders, the areas wherefrom water is collected 
are considerably larger. 

The very high values have to be connected 
with the sources and runoff ditches which are 
formed simultaneously with the landslides they 
subsequently drain. 

Studies undertaken in the Doftana river 
basin show ratios between frequency of 
elementary channels and drainage density with 
values of 2 and 3 in favour of the first 
parameter (Armaş, 1999). This means that the 
number of 1st-order segments is 2-3 times 
higher than the total length of the net, a typical 

situation for a young network with a rapid 
evolution. 

Fragmentation values are related mostly to 
lithology (in places where gravels and sands 
dominate, a temporary flow net of ravines and 
gullies is favoured; if marls and clays prevail, 
landslides develop and thus drainage density is 
low), but also to land use. Deforestation 
allowed the regressive extension of valleys to 
the detriment of the interfluve. 
 

 
Relief energy (fig. 3) 
 
The highest values (200-240 m; 160-200 m) 
appear on the interfluve separating the Cărpeniş 
catchment from the Olt catchment, on the most 
advanced edges of the catchment’s development 
to the west, evidencing the role of lithology 
represented by conglomerates in the 
preservation of some high level differences, 
enabling also erosion to keep active for a longer 
period of time (in the Măgura Hill, Alângu 
Peak, Ianculeşti Peak). 

 

 
 

Fig. 3 The Cărpeniş Catchment. Map of relief energy 
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The other categories of fragmentation depth 
represent over 20%. The depth of 120-160 m 
relative to the main river is encountered mainly 
on the interfluve and the upper sector of the 
Cărpeniş left slope where it forms a continuous 
string. This supports the assertion that the 
catchment is younger towards the interfluve that 
separates it from the Topolog River, at least in 
the upstream sector, and with stagnant 
deepening on the right side, because, even if 
this side is much steeper (cuesta), the level 
differences are reduced slowly through slope 
processes.     

If we consider that landslides take place on 
marls and clays, deepening cannot exceed 
certain limits, so values generally keep low. 

In conclusion, asymmetry was noticed also 
from this viewpoint: relief energy is higher on 
the left side than on the right side of the 
Cărpeniş River. 
 

 

Morphometrical model of the river segment 

slope 
 
In the case of mean level differences, Horton’s 
law in this catchment is not so obvious. 
According to it: the mean level differences of 

rivers of successively rising orders aim to build 

an increasing geometrical progression in which 

the first term is the mean difference of 1
st
-order 

segments and the ratio is that of successive 

level differences. A clear deviation is registered 
with 4th-order streams, because the number of 
their segments is reduced and the shortness of 
one segment – implying small level difference – 
is greatly reflected in the average value. The 
ratio of level differences, very close to unity, 
underlines, once again, the friable molasse 
lithology, which did not allow important level 
steps to form. 

The graph in fig. 4, based on the variation of 
the mean slopes of river segments, shows the 
deviation of measured values from the 
computed ones. The law of average slopes of 
river segments is confirmed as a decreasing 

geometrical progression, having as first term 

the average slope of 1
st
-order river segments 

and as ratio that of successive average slopes. 
The value of the ratio (0.59), relatively far from 
unity, expresses big differences between the 
mean slopes of successive order segments. This 
means high erosion done by elementary 
segments and passage towards transport and 
accumulation at higher orders. 

 

 

 
 
 

Fig. 4 Morphometrical Model of River  

Segments Mean Slope 
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Table 2 

The Cărpeniş Catchment. Data on the Slope Model of  River Segments 
 

  Order Ratio 

Parameter  1 2 3 4 5  

Mean level        
differences m  36.85 37 20.67 54 rh = 1.004 
dh=DH/N 
(m) c 26.32 36.85 51.59 72.23 101.12  
Mean 
segment        
length m 0.24 0.36 0.84 1.03 4.42 rl = 2.070 
l=∑L/N 
(km) c 0.17 0.36 0.75 1.54 3.19  
Mean 
segment        
slope m  102.36 44.05 20.07 12.22 ri = 0.590 
ir=dh/l*10
0 (%) c 173.49 102.36 60.39 35.63 21.02  

 

 
Morphometrical model of areas (fig. 5)  

 
The value of the ratio of summated areas shows 
an increase of 0.86 from one order of magnitude 
to the next. So, the intrabasinal surface-areas 
adding on passage to a higher order are not that 
large. Generally, the ratio of summated areas 
approaches unity as the order increases, because 
the proportion of intrabasinal surface-areas 
decreases in the same direction.  

And indeed, the highest ratio, 0.92, was 
found on the threshold between the 4th- and the 
5th-order – very close to unity –, the reduced 
importance of intrabasinal surface-areas being a 
characteristic of advanced evolution in this 
respect. This highlights once more greater relief 
fragmentation. 

The ratio of mean areas registers a high 
value (4.79) in the Cărpeniş catchment, which 
demonstrates the big differences existing 
between catchment areas of different orders, the 
decreasing rate towards catchments of 
elementary orders outlining the still young state 
of evolution. Higher ratios (5.5; 5.6) occur 
when passing between lower orders, while with 
higher orders, representing catchments evolving 
progressively, the ratio diminishes (3.2). 

The mean area of a 2nd-order catchment is 
0.20 km2. The smallest area delimited for the 
2nd-order concentrated run-off is 0.04 km2. 
Certainly, in the case of the 1st-order, areas are 
even smaller. 

 
Fig. 5 The Cărpeniş Catchment. Morphometrical  

Model of Areas
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Table 3 

The Cărpeniş Catchment. Data on the Morphometrical Model of Areas 

Parameter  Order Ratio 
  1 2 3 4 5  
No. river 
segments 
(N) Meas. (m) 270 64 13 3 1 

Confl. 
ratio. 

 Comp. © 263.68 64 15.53 3.77 0.92 Rc = 4.12 
Summated 
areas (S) Meas. (m)  12.53 14.31 18.12 19.6 RS = 0.86 
 Comp. © 10.78 12.53 14.57 16.94 19.70  
Mean areas 
(s) Meas. (m)  0.20 1.10 6.04 19.6 Rs = 4.79 
 Comp. © 0.04 0.2 0.96 4.59 21.98  

 
 

The intersection point between the line of 
summated areas and that of mean areas shows 
on the 0x-axis the catchment’s extent of 
completion for the order it carries, in terms of 
areas (Grecu, 2003). In our case, the graph 
proves that the Cărpeniş catchment is very close 
to being completed for the order it carries (5) as 
far as area is concerned. 

 

 

The morphometrical model of perimeters 
(fig. 6) 
 
The morphometrical model of perimetres is 
based on two laws, those of summated 
perimeters and of mean perimeters (Zăvoianu, 
1978, 1985). 

With lower orders, the value of ratios is ever 
so far from unity, showing a decrease in the 
evolution of catchments. The most abrupt 
change takes place between 2nd and 3rd-orders. 

The three variables used in the model of 
perimeters are represented graphically on semi-
logarithmic axes (fig. 6). The line of  summated 
perimeters and that of the mean perimeters meet 
in one point, the value of which shows on the 
0x-axis the extent of catchment completion in 
terms of perimeters. The graph above 
underlines that the Cărpeniş catchment is 
almost completed for the 5th-order of 
magnitude. The explanation lies in the friable 
lithology permitting a rapid evolution of the 
catchment and in the harder rocks protecting its 
margins. 
 

 
 

Fig. 6 The Cărpeniş Catchment. Morphometrical 

Model of Perimeters

 



Morphometrical Aspects of the Cărpeniş Catchment  

 

103

Table 4 

The Cărpeniş Catchment. Data on the Morphometrical Model of Perimeters 
 

Parameter 
 Order 

Ratio 
 1 2 3 4 5 

No. river 
segments 
(N) Meas. (m) 270 64 13 3 1 Confl ratio 

 Comp © 263.68 64 15.53 3.77 0.92 Rc = 4.12 
Summated 
perimeters 
(P, km) Meas (m)  129.65 58.67 33.51 23.8 RP = 1.79 

 Comp © 72.43 129.65 72.43 40.46 22.61  
Mean 
perimeters 
(p, km) Meas (m)  2.03 4.51 11.17 23.80 Rp = 2.29 

 Comp © 0.89 2.03 4.65 10.65 24.38  

 
 

On the basis of the values found for several 
catchments of different orders on the Horton-
Strahler scale, Ion Zăvoianu (1990) and Florina 
Grecu (2003) showed that a correlation exists 
between the values of average areas and of 
average perimeters, in which the dependent 
variable is given by the average perimeters and 
the independent variable by catchment areas. 
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1

10

100

0 1 10 100

S (km2)

P
 (

km
)

 
Fig. 7   Correlation between average surfaces and 

average perimeters 

 
In the case of the Cărpeniş catchment  

n = 0.5337, which is higher than the 0.5 
threshold, therefore showing, according to 
Church and March (1980, cited by Zăvoianu, 
1990), an increasing ratio of perimeters, 

somewhat higher than the one of areas. The 
above authors named this characteristic positive 

allometry, which relates to the factors that 
determined catchment shape and its degree of 
bending (Zăvoianu, 1990). Ion Zăvoianu has 
demonstrated that the shape-factor is the one 
conditioning the relation between perimeters 
and areas; this becomes isometric or non-
allometric (n ≤ 0.5) only if catchments with the 
same geometrical similarity (determined 
through the shape-factor) are taken into 
account. In the case of the Cărpeniş basin, the 
evolution of its shape was as much under the 
influence of structure as of lithology which 
made the basin evolve in two alternative 
directions, of elongation of subsequent 
segments, or of the development of consequent 
(resequent) tributaries. As for the catchments 
considered herein, they belong to different 
orders, with different shapes depending on 
structure and degree of evolution. 
 
 
Formation and evolution of the channel 

network 
 
In order to understand how the evolution of the 
Cărpeniş catchment in point of shape, area and 
perimeter was possible within such a young 
region as the Subcarpathians are, we have to 
reflect on the formation and evolution of the 
channel network in relation to the factors that 
could influence it. 
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The Dacian-Romanian phase corresponds to 
the development of piedmonts in the 
Pericarpathian strip, with rivers depositing 
alluvium, creating alluvial fans, the network 
diverging, splitting into distributaries, and 
meandering. During the Romanian-Lower 
Pleistocene, the piedmont was uplifted in the 
form of a plateau, the drainage network fixed 
itself through deepening, then the piedmont 
detached itself from the mountains, next the 
Subcarpathian depressions formed at the contact 
with the mountains and, in time, the piedmont 
was eroded. In the Subcarpathians, the river 
network (including the Topolog River) fixed 
itself through hidrographic reshuffling and 
adaptation to structure (Posea, 2002). 

Therefore, after the Wallachian movements, 
the river became relatively stable along a 
trajectory close to the present one. 

According to the evolution of the river 
network on a monoclinal structure, we attribute 
the first identified flow to the segment called 
Cărpeniş along a direction which differed only 
slightly from the consequent one of the Topolog 
River. Thus, we can consider this segment, 
following a semi-consequent direction, as the 
oldest within the present catchment network. 
The subsequent segments of the Beuci and the 
Sorbu brooks emerged, running perpendicular 
to the original consequent, course. 

The backward erosion of the Sorbu River in 

the same direction was hindered at a certain 

point because it encountered more resistant 

rocks represented by Burdigalian 

conglomerates; had it been otherwise, the 

torrential-like tributaries would have been 

regressively pirated by the Olt tributary (the 

Sâmnic River) with a lower base level and, 

hence, a more rapid evolution. In a next step, 
the obsequent subtributaries (i.e. tributaries of 
subsequent courses) emerged on the opposite 
slope of the consequent ones, e.g. the Măzărişte 
in its lower part. Subsequently, the younger 
subtributaries, named resequent (term adopted 
by us from the Italian literature – Panizza, 
1992), which emerged, kept flowing in the 
direction of the strata slope. This represents the 
last phase, the newest one in the development of 
its catchment, presently occurring under the 
Alângu-Ianculeşti interfluve. 

Only in the presence of the Burdigalian 
conglomerates in the Măgura point could the 
rather rapid development (area and shape) of 
the Cărpeniş catchment, in the context of friable 
lithology, be protected. With the Cărpeniş 
catchment, the Topolog River basin registers 
the maximum – extreme –  width. 

Also, the semiconsequent development of 
the Cărpeniş, so close to the Topolog Valley, 
blocks the formation of some larger catchments 
on its right slope, i.e. on the other side of the  
Pleş – Bunila – România hills. 
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