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Abstract 

The morphometric analysis doesn’t imply just the 

quantitative description of the relief, although it is 

frequently limited to it, but also   a methodological 

approach that allows the typological classification of 

landforms and establishing some significant 

correlations between the selected parameters and 

other geomorphologic, geologic indicators etc. The 

testing and validation of such analyses is performed 

upon representative samples on different scales. This 

article aims to interpret some morphometric 

indicators and correlations within the Studineţ 

hydrographical basin (9669 ha), located in the central 

part of the Tutova Hills,  in the eastern part of 

Romania. The region’s relief is grafted on sandy-

clayey and clayey-loamy deposits from the 

Kersonian and Meotian, being characterized by a 

relatively high fragmentation for a hillyregion 

(Jeanrenaud, 1971, 1995). The maximum altitude gap 

ranges between 108.9 and 485.5 m, and the relief 

energy values facilitate morphodynamic imbalances 

expressed through different geomorphological 

processes. The main characteristic is the presence of 

cuestas with morphometric, morphodynamic and 

land use asymmetries. The present scientific 

approach analyzes every derived map by 

interpreting the unclassified rasters (pixel value) and  

the classified ones (class value), comparing the 

relevance of the results to obtain the optimal number 

of classes and to establish the limits that have the 

best geomorphological level of significance. Given 

the region’s features, the analysis of cuestas was 

favored to differentiate the cuesta fronts and 

backslopes. Finally, on a representative perimeter 

within the basin, the raster histograms (hypsometry, 

declivity, exposition) were compared, to highlight 

the differentiations caused by the map scale and 

pixel resolution. 

Keywords: the Studineţ basin, morphometry, indicators, 

correlations, GIS 

Rezumat 

Bazinul Studinețului (Colinele Tutovei). Indici și 

corelații morfometrice. Analiza morfometrică nu 

implică doar o descriere cantitativă a reliefului, deși 

frecvent se limitează doar la acest lucru, dar și o 

abordare metodologică cară să permită stabilirea 

unei tipologii a platformelor și individualizarea unor 

corelații semnificative între parametrii selectați și alți 

indici geomorfologici, geologici etc. Testarea și 

validarea unei astfel de analize se face pe baza unor 

mostre semnificative la scări diferite. Prezentul 

articol prezintă unii indici și corelații morfometrice 

în bazinul hidrografic Studineț (9669 ha), localizat în 

partea centrală a Colinelor Tutovei, în estul 

României. Relieful regiunii este dezvoltat pe 

depozite nisipo-argiloase și argilo-marnoase din 

Kersonian și Meotian, caracterizat printr-o 

fragmentare relativ ridicată pentru o zonă deluroasă. 

Altitudinile variază între 108,9 și 485,5 m, energia 

reliefului favorizând dezechilibrele morfodinamice, 

vizibile în diferitele procese geomorfologice. 

Principala caracteristică o reprezintă prezența 

cuestelor, cu asimetrii morfometrice, morfodinamice 

și din punct de vedere al utilizării terenurilor. 

Studiul de față analizează fiecare hartă rezultată prin 

interpretarea rasterelor neclasificate (valorile unui 

pixel) și clasificate (valorile claselor), comparând 

relevanța rezultatelor pentru a obține numărul optim 

de clase și pentru a stabili limitele pentru cea mai 

mare semnificație din punct de vedere 

geomorfologic. Ținând cont de particularitățile 

regiunii, s-a preferat analiza cuestelor pentru 

diferențierea frontului și reversului cuestei. În final, 

pentru un perimetru reprezentativ pentru bazin, 

histogramele raster (hipsometrie, declivitate, 

exposiție) au fost comparate pentru evidențierea 

diferențelor datorate scării hărții și rezoluției.       

Cuvinte-cheie: bazinul Studinețului, morfometrie, 

indici, corelații, SIG 
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Introduction 

The Studineţ hydrographical basin (9669 ha) is 

located in the central-eastern part of the Tutova 

Hills, being an affluent of the Tutova River (Fig. 1). 

 

 
Fig. 1: The geographic position of the Studineț basin 

 

The Studineț catchment, althought  it is located in 

a hilly area,  monotonous in terms of  morfometric 

aspects, represents a very complex area of study, 

with  morphometric particularities typical to Tutova 

Hills.  This entails the need for a closely knowledge 

of genesis an relief evolution, and the main types 

and landforms in the catchment. 

Although, apparently, this study follows a 

classical structure, is will overlap a schema of 

analysis that will include:  

 a detalied morphometric analysis, in order to 

define and frame the dominant typological 

landforms, in the concerned area 

 the analysis of all derived maps and the 

corroboration of  all numerical data, extracted 

from the unclassified rasters and from the 

classified ones, in order to achieve a 

geomorphological characterization 

 to create a digital cartographical support for a 

representative area, with different scales of 

analysis, to emphasize the errors that may appear 

in  a geomorphological analysis, if it used a 

wrong pixel value resolution. 

Among the authors with outstanding works on 

the theme of our research, it is worth mentioning  

Richards’contributions  (1982, 1995) - requiring  new 

approches with regard to the dynamics of the relief. 

A modern approach, using different digital 

systems and statistical and mathematical equations, 

formed the basis of outstanding works, that focused 

on data integration of land use parameters in digital 

models: Pennock, B.J. Zebarth, E. De Jong (1993), Mc 

Brateney, Odeh, Bishop, Dunbar, Madison, Shatar 

(2000); - the use of GIS and remote sensing analysis 

of geomorphological processes: Haidu I., Haidu 

C.(2003), Condorachi (1999, 2005 a, b), Niacşu , Ursu 

(2007), Patriche (2009), Posea (2003) etc. 

Data and methods 

The present scientific approach starts from the 

digital elevetion model (10x10m), based on the 

1:25000 topographic maps, made with the TNTmips 

7.3 software. The derived maps – hypsometric, 

declivity, slope exposition and fragmentation depth 

maps – were created and classified starting from the 

primary model. These maps were complemented 

with the drainage density map and a series of 

representative cross sections. The analysis of each 

map was made by interpreting the unclassified 

rasters (pixel value) and the classified ones (class 

value), comparing the relevance of the results to 

obtain the optimal number of classes and establish 

the limits that have the best geomorphological level 

of significance. 

On a representative perimeter within the basin, 

the raster histograms (hypsometry, declivity, 

exposition) were compared, to highlight the 

differentiations caused by the analysis scale and 

pixel resolution (1:25000 and 10x10m, 5x5m, 

2.5x2.5m; 1:5000 and the same resolution values). 

Results and discussions 

From a hypsometric point of view (Fig. 2), the 

Studineț basin has an average altitude of 297.5 m, 

with a maximum variation gap of 370 m. Regarding 

the proportion of altitudinal steps, the altitudes 

between 250 and 300 m are dominant (21.25 per 

cent), followed by those between 200 and 250 m 

(19.72 per cent) and those between 300 and 350 m 

(18.17 per cent), altitudinal steps which correspond 

mostly to the slopes. The altitudes over 450 m  have 

the smallest share (only 0.34 per cent); these cover 

very small areas on interfluvial hilltops, at the 

Studineț headwater and on the Iezer-Studineț 

interfluvial hilltop. The altitudes between 100 and 

150m represent a relatively small proportion also 

(5.25 per cent), these altitudes corresponding to the 

Studineț floodplain and to the correlation of terraced  

in the central-southern part of the basin. 
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Regarding the declivity of the land, it can be 

noticed an oveall dominance of lands with slopes 

between 5 and 10˚, representing 29.59 per cent, and 

between 10 and 15˚, representing 30.52 per cent (Fig. 

3). Through this gap, which totals a value of 60.11 per 

cent, it is highlighted the fact that slopes create the 

dominant landscape within the basin. Land declivity 

decisively influences the erosion processes on slopes 

by progressively potentiating raindrop erosion or 

modifying the runoff speed, the slope’s high values 

determining an acceleration of the gullying. 

 

 

Fig. 2:  The Studineț basin. Hypsometric map 

 

Fig.  3: The Studineț basin. Slope map 

Within the analyzed basin, declivity varies 

proportionally to the relief fragmentation depth. To 

calculate this parameter, there were created grids 

with  areas of 0.25km2 , which show that in the 

Studineț basin the average value of relief 

fragmentation depth is 74.7m. The value class 

differentiations are eloquent, being at the same time 

closely related to the other morphometric 

parameters. Low values, of less than 40 m, represent 
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a very low proportion (3.15 per cent), being mostly 

distributed in the lower and middle basins. 

Conversely, fragmentation depth between 80 and 

100 m holds the highest percentage in the basin, 

with a 30.01 per cent share, followed by the values 

between 100 and 120 m (21.43 per cent). This shows 

that the Studineț basin is characterized by a very 

high relief fragmentation (Fig. 4). 

 

Fig. 4: The Studineț basin. Fragmentation depth  map 

 

Slope exposition (Fig. 5) depends on the general 

pattern of land fragmentation, being generally 

defined by the orientation of the interfluvial hilltops 

on the north-south direction and implicitly a 

dominant orientation of the slopes on the eastern and 

south-eastern components, and western and north-

western respectively. The first component includes 

the slopes with eastern exposition (30.12 per cent) and 

south-western exposition (35.30 per cent).   

 

  Fig. 5: The Studineț basin. Slope exposition map 
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The slopes with an eastern exposition represent 

cuesta backslopes. The second component includes 

slopes with south-eastern exposition (10.73 per cent) 

and southern exposition (15.93 per cent), 

corresponding to the general layer inclination, thus 

to the terminal parts of the rolling hills, and also 

slopes with north-western (0.04 per cent) and 

northern (0.29 per cent) exposition, characteristic to 

the cuesta forehead typical to the primary 

asymmetry found on the small, subsequent affluents 

on the left side of the Studineţ, an area intensely 

fragmented by such torrential formations. 

This study aims to accomplish both a complex 

analysis of the morphometric variables and the 

analysis of some correlations between these 

variables to depict the types of relationships that 

succeed in a geomorphologic system. The most 

significant correlations that offered satisfying results 

to this study were achieved between the frequency 

of fragmentation depth classes and the frequency of 

slope length classes, and the frequency of slope 

classes, respectively. If the first case shows a good 

correlation, where very large deviations from the 

regression step occur on the extreme values of the 

classes, the second case shows weak correlation, 

deviations from the regression step occurring due to 

the extreme classes, the exception being the middle 

classes, where correlations are relatively good (Fig. 6). 

Considering the features of the region, special 

attention was paid to the analysis of the cuesta relief, 

to differentiate the cuesta forehead and  backslopes. 

The specificity of the local landscape is given by the 

structural asymmetry (Ioniţă, 2000), which 

predominates through unequal length of the slopes, 

different land inclination, distinctive dynamic of 

geomorphologic processes on the slopes and 

differentiated land use (Stângă, 2009, Niacșu, 2009). 

The primary structural asymmetry includes the 

following types of valleys: typical subsequent 

valleys, with a direction perpendicular on the layers 

N-S major inclination, having E-W-oriented 

directions, such as the affluents on the left slope of 

the Studineț: Siliștea, Lunca and Valea Lupului; and 

diagonal subsequent valleys, which intersect the 

geologic layers in a sharp angle, such as Valea Rece, 

NE-SW-oriented. All these subsequent valleys 

present an asymmetric cross sections (Fig. 7), in 

which the slopes with a generally northern 

exposition are steeper and more degraded, having 

the shape of cuesta forehead, and the opposite 

slopes, with a generally southern exposition, 

represent less inclined backslopes. 

 

 
 

 

Fig. 6: Correlations between the frequency of 

fragmentation depth classes and frequency of slope 

length classes (a) and frequency of slope classes, 

respectively (b) 

Regarding the structural asymmetry of  second 

order, the left slope, with a general western and 

south-western exposition, is part of the extremely 

prominent cuesta fronts class, being very fragmented 

by torrential organisms presenting as subsequent 

valleys in a highly advancing stage ( the Siliștea, the 

Lunca,  the Valea Lupului basins). The cuesta front 

holds a larger share of the entire area of the basin, 

66.34 per cent (64.15km2), compared to the backslope 

(32.54 per cent), which was consumed by the 

installation and the evolution of the parallel river in 

the west, the Iezer (Ioniță, 2000). This difference gives 

a note of peculiarity to the Studineț basin (Fig. 8). 

The ratio between the cuesta front and backslope 

of the main valley highlights the features of the 

region, considering the differences that occur at 

inclination, fragmentation depth and slope length 

levels. Thus, by analyzing Figures 9, 10 and 11 and 

table 1, we notice that the considered morphometric 

variables hold different weight for the two slopes: 
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lower inclination values dominate the cuesta 

forehead, while the backslope is characterized by 

higher inclination values. Being the case of a typical 

cuesta forehead, very fragmented by torrential 

organisms, large areas of the sculptural plateaus 

remained, presenting low inclination values. 

Combined, these low values created this atypical 

front-backslope ratio. 

 

Fig. 7: N-S cross sections in the Lunca basin    

 

Fig. 8: W-E cross sections  in the Studineț basin 

The proportion of fragmentation depth classes 

highlights a balanced ratio between the two slopes. 

Very large variables dominate the cuesta front, 

feature given by the high fragmentation caused by 

torrential organisms. Regarding the length of  

slopes, the ratio between the two slopes shows a 

tendency of changing the asymmetry: low values of 

the slope lengths are typical to the cuesta forehead, 

while high values dominate the backslope. The R2 

coefficient expresses a tendency to lower the 

front/backslope ratio with raising the slope length. 

 

Fig. 9: Slope inclination categories ratio on the cuesta 

forehead and backslope 

 

Fig. 10: Fragmentation depth categories ratio on the 

cuesta forehead and backslope 

 

 

Fig. 11: Slope length categories ratio on the cuesta 

forehead and backslope 

On a representative perimeter within the basin, 

the raster histograms (hypsometry, declivity, 

exposition) were compared to highlight the 

differentiations caused by the map scale and pixel 

resolution (1:25000 and 10x10m, 5x5m, 2.5x2.5m; 

1:5000 and the same resolution values). 

When comparing the histograms of the altitudinal 

classes, on different scales of analysis (1:25000 and 

1:5000), there resulted a relatively good correlation, 

which remains for all three pixel resolution values 

that were taken into account, the 10x10m resolution, 

the 5x5m resolution, and the 2.5x2.5m resolution 

(fig.12-20). For all three correlations, discrepancies 

occur in the intermediary altitudinal classes, where 

much higher frequencies are registered. By analyzing 

the situation from this point of view, it can be noticed 

that both the pixel resolution and the map scale are 

extremely important to the geomorphologic analysis. 

Thus, with lower values of these two components, we 

get higher accuracy and detail level of the 

information extracted from the analysis maps. 

By comparing the histograms of the slope classes 

on different scales (1:25000 and 1:5000), it was 
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noticed a visibly lower correlation compared to the 

previously presented situation. At a 10x10m pixel 

resolution, much larger correlation errors occur, 

considering that in this case, the slope value 

calculated per each pixel is the result of a difference 

between two points. However, as the resolution 

increases, the correlations progressively reduce their 

interpolation errors (Fig. 22, 25, 28). 

Representative samples (Chetrosu - Fundu Văii 

perimeter), were selected on different resolutions 

and scales, for testing and validating these 

correlations, thus depicting the differences induced 

by these analysis criteria (Fig. 12, 14, 17, 18, 20 – 

analysis details, hypsometric map; Fig. 21, 23, 24, 26 

– analysis details, slope map). 

 
 

Table 1.  Proportion of the different slope inclination, fragmentation depth and slope length categories on the 

front and reverse 

Slope inclination Slope length Fragmentation depth 

Front-F Reverse-R F/R Front-F Reverse-R F/R Front-F Reverse-R F/R 

0,73 0,58 1,39 10,17 9,92 1,03 54,95 53,92 1,02 

2,67 1,86 1,48 3,12 3,00 1,03 5,95 5,92 1,00 

3,20 2,14 1,50 7,32 7,14 1,02 5,00 5,17 0,97 

3,15 2,08 1,51 6,29 6,20 1,02 4,03 3,90 1,03 

3,01 2,03 1,51 3,04 2,95 1,01 3,01 2,98 1,01 

3,02 1,96 1,51 5,18 5,17 1,01 2,57 2,65 0,97 

3,24 2,14 1,48 4,68 4,73 1,00 2,41 2,36 1,02 

3,57 2,40 1,42 2,63 2,56 0,99 2,03 2,09 0,97 

3,99 2,80 1,33 4,02 4,09 0,97 1,83 1,88 0,97 

4,30 3,22 1,24 3,69 3,79 0,98 1,63 1,71 0,95 

4,61 3,74 1,14 3,42 3,55 0,98 1,48 1,50 0,99 

4,65 4,07 1,05 2,16 2,13 0,98 1,20 1,40 0,86 

5,12 4,92 0,97 2,95 3,07 0,97 1,14 1,18 0,96 

5,22 5,50 0,92 2,74 2,85 0,97 1,06 1,14 0,93 

5,10 5,55 0,89 1,81 1,83 0,97 1,02 1,02 1,00 

4,36 4,89 0,86 2,38 2,47 0,96 0,79 0,81 0,98 

3,78 4,36 0,82 2,22 2,30 0,97 0,72 0,77 0,94 

3,61 4,43 0,74 2,07 2,15 0,97 0,64 0,74 0,87 

3,69 4,71 0,79 1,46 1,50 0,98 0,59 0,57 1,04 

2,86 4,65 0,77 3,49 3,61 0,97 0,55 0,67 0,83 

5,56 5,80 0,84 1,22 1,24 0,97 0,54 0,50 1,09 

2,24 2,97 0,78 1,49 1,53 0,97 0,98 0,55 1,78 

2,04 2,57 0,79 1,39 1,45 0,99 0,43 0,48 0,90 

16,28 20,64 0,79 1,02 1,04 1,00 5,45 6,10 0,89 

      5,45 5,71 0,96 

Data source: data processed with the Mips 7.3 software, based on the derived maps 
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Conclusions 

This study aims to accomplish both a complex 

analysis of the morphometric variables and the 

analysis of some correlations between these 

variables to depict the geomorphologic features that 

are present in the Studineț basin. The ratio between 

the cuesta front and backslope of the main valley 

highlights the features of the region, considering the 

differences that occur at inclination, fragmentation 

depth and slope length levels. 

The comparison of  the raster histograms 

(hypsometry, declivity) aimed to highlight the 

differences induced by the map scale and pixel 

resolution (1:25000 and 10x10m, 5x5m, 2.5x2.5m; 

1:5000 and the same resolution values). By analyzing 

the situation from this point of view, it can be 

noticed that both pixel resolution and map scale are 

extremely important to the geomorphologic 

analysis. Thus, with lower values of these two 

components, we get higher accuracy and detail level 

of the information extracted from the analysis maps. 
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