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Abstract: In a geographical analysis on a pilot area, the study of the interdependence between the 
road network density and drainage density can offer us important details concerning the 
characteristics and causal relationships between geomorphology and configuration of the existing 
road network. The present study aims to be one of applied geography for an area with historical 
meanings.The pilot area for my researchis located in the central-eastern part of Romania, in the 
internal part of the Carpathian arch. I used the classical methodology of the linear 
regressiondescribed in literature. The research was conducted through the cartographicanalysis of 
the two indicators, which are completed in this study by the mathematical analysis and graphics. 
The conclusion derived from the correlated analysis is that the road network density is in a closely 
dependent relationship with the drainage density, the correlation being linearly negative and 
inversely proportional, fact proved by the resulted graphical models. 
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*  *  *  *  *  *  
 

INTRODUCTION 
The present study aims to be an applied geography one for an area with historical 

meanings.Bârsa Countryhas been studied by many researchers (historians, ethnographers, 
anthropologists, geographers) who didn’t agree on its limits. Each delimitation was based on  
various reasons (Pop, 2011). 

The limits I set will be the historical ones, following geographical rules. The pilot area 
Bârsa Country (figure 1) is located in the central-eastern part of Romania, in the internal part of 
the Carpathian arch, at the contact between the two strong mountain ranges, the Meridional 
Carpathians and the Eastern Carpathians (Iancu et al., 1971) and covers 2280.69 km².  The study 
area of Bârsa Country overlaps the western sector of the Brașov Depression, which includes the 
tributary drainage basins of the Olt River on the left: Bârsa, Tărlung, Homorod and on the right the 
drainage basins of the  streams that have springs on the western side of the Baraolt Mountains, as 
well as the alluvial floodplain of the Olt River, upstream from the confluence point with the Black 
River and downstream, as far as the contact area with the Aita and Baraolt Depressions. 
                                                           
Corresponding Author

  
1
Bârsa Country - pilot area which overlaps the territory of the internal curvature of the Carpathians, that most historians 

have defined Bârsa Country for medieval period.Professor Cocean identified in Romania 18 medieval countries inhabited 
by romanians (2011). 
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Figure 1. Geographical coordinatess of pilot area Bârsa Country 
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Figure 2. Bârsa Country – Drainage density map 

 
The limit of 363.7 km spreads mainly on the watershed (92.5% - 336.4 km) and partially in 

the low floodplain (7.5% - 27.3 km). 
This geographical area was studied by many researchers: Patrulius, 1969; Iancu et al. 1971; 

Dunăre et al., 1972, 1974; Băcăințan 1999; Cioacă, 2002; Mihai 2003; Bănică, 2006; Munteanu, 
2009; Pătru, 2011; Pop, 2011; Șandor, 2012. 

The degree of interdependence of the analyzed indicators can be calculated by means of a 
mathematical bimodal analysis. This classical methodology is described in the international 
literature: Sanders, 1990 or Penny et al., 2000 and in the Romanian literature: Mihoc & Micu, 
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1980; Rădoane et al., 1996; Boengiu, 2002, 2003; Török - Oance, 2005; Zăvoianu et al., 2005; 
Pătru, 2011. The analysis is useful in a geographical study, where correlations between the 
analyzed geographical variables are established. However, in the systems of the natural 
environment there is not always a causal relationship of direct dependence between geographical 
variables, therefore a good knowledge of these is required (Rădoane et al., 1996). 

The mapping analysis for the Bârsa Country was performed first (figure 1). The analisys 
follows the interdependence relationship between the drainage density (figure 2) and the road 
network density (figure 5). 

The drainage density (figure 2) is a reference geomorphological indicator in the relationship 
between the hydrographic network and the current relief configuration. The indicator is 
highlighted dividing the total length of the hydrographic network by the horizontal area, focused 
through the classical method of rectangular grid, at a spacing of 1 km². This indicator influences, 
by the variation of its values, the distribution of the transport infrastructure. To make uneven lands 
with high values of drainage density accessible it is necessary to build hairpin turns or viaducts in 
order to attenuate the declivity of a road in longitudinal section. 

The variation of density values (figure 3) is dictated by the lithological diversity on 
which the current hydrographic network formed, areas with friable rocks showing higher 
density values. In the cartographic analysis the artificial drainage channel network in the 
Bârsa and Prejmer Depressions was omitted. Only the hydrographic system modelled by 
natural processes was taken into account. 

 

 
Figure 3. Bârsa Country – Drainage density share 

 

 
Figure 4. Bârsa Country – Road density share 
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Regarding the relationship between the drainage density and the transport infrastructure, the 
main feature is to increase the density of river bed and slope improvements directly proportional to 
the rise of the relief density values. It can also be noted that the size of works of art generally 
increases inversely proportionally to the decrease of drainage density values.One can notice the 
low share of  high density of road network in urban areas (figure 4). 

Over half the length of the road (70%) and rail (90%) network lies on these cvasi-horizontal 
lands. However, it should be pointed out that it is this characteristic of depressionary relief 
smoothness that caused the unstable and winding character of minor river beds and led to 
increased gleying soil processes and the development of areas with eutrophic wetlands. 

All these issues have required extensive development projects for an artificial drainage 
network without which any infrastructure project would have met hydrological risks. 
 

 
Figure 5. Bârsa Country – The road infrastructure density 
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The density of the road network best reflects the dependence of the current transport 
infrastructure on morphodynamic factors. This indicator also reflectsanthropogenic pressures 
exerted on the natural area (Herman, 2009). 

The road infrastructure density (figure 5) is higher in the flat, depressionary area, which 
offered the necessary expansion space. The values are above 20 km/km² in towns situated in low 
areas of the depressionary plain.In the city of Brașov, where the density values are high, the 
drainage network directed the major road axes (Mihai, 2003).The road infrastructure also 
expanded on  a lot of terraces, whose number was conditioned by interglacial periods, oscillations 
of the base level and neotectonic movements (Boengiu et al., 2011).The road density is low in 
mountainous areas, where values below 1 km/km² are dominant. In the future the road 
infrastructure will develop on new lands, whose suitability will require landslide susceptibility 
studies(Mihai et al., 2014a), or other more detailed studies, taking into account several factors that 
define the relief morphodynamics(Mihai et al., 2014b). 

 
METHODOLOGY 
To illustrate the relationship between the road network density and the drainage density I 

used a Digital Elevation Model, namely the ASTER GDEM (product of METI and NASA) with 
the spatial resolution of 30 metres (METI & NASA, 2011). Orthophotographs at a scale of1: 5,000 
from the National Agency of Cadastre and Real Estate Advertising (ANCPI, 2005) and 
topographic maps at a scale of 1: 25,000 (opengis.unibuc.ro), were used to digitize elements such 
as streams, settlements or height points. CORINE Land Cover 2006 database was also used to 
carry on the analysis (CLC, 2006). 

 

 
Figure 6. Bârsa Country – Rectangular grid 
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In order to highlight the relationship between the two parameters we will apply a bimodal 
analysis method. For the drainage density I have used 32 values randomly chosen from the 
rectangular grid with a measurement unit of 1 km² (figure 6). For the road network density map, 
using the same grid, through converting (with the help of ArcGis) the reclassified raster into shape, 
I identified   the average values of the road network density for the same polygons of 1 km², 
selected for the drainage density.  

Thus, 32 pair values have been obtained and  they have been processed in a mathematical 
table, with the help of Microsoft Office Excel (table 1). The values we need for the calculation of 
the linear regression line equation are displayed on the last row of the table. 

 

Table 1. Calculation of parameters of linear regression equation 

Parameters of linear regression equation 
No. i           

1 7.19 0 0 51.6961 0 
2 4.53 0 0 20.5209 0 
3 2.15 2.31 4.9665 4.6225 5.3361 
4 1.28 12.45 15.936 1.6384 155.0025 
5 0.88 9.15 8.052 0.7744 83.7225 
6 1.9 8.25 15.675 3.61 68.0625 
7 2.58 0.78 2.0124 6.6564 0.6084 
8 3.26 0.35 1.141 10.6276 0.1225 
9 4.53 0.28 1.2684 20.5209 0.0784 

10 2.18 1.95 4.251 4.7524 3.8025 
11 2.29 5.2 11.908 5.2441 27.04 
12 1.96 3.12 6.1152 3.8416 9.7344 
13 1.13 19.58 22.1254 1.2769 383.3764 
14 0.99 12.13 12.0087 0.9801 147.1369 
15 2.9 2.2 6.38 8.41 4.84 
16 2.43 0.89 2.1627 5.9049 0.7921 
17 2.18 3.96 8.6328 4.7524 15.6816 
18 0.78 15.44 12.0432 0.6084 238.3936 
19 0.15 25.68 3.852 0.0225 659.4624 
20 0.23 27.23 6.2629 0.0529 741.4729 
21 0.19 28.95 5.5005 0.0361 838.1025 
22 0.49 17.45 8.5505 0.2401 304.5025 
23 0.25 25.5 6.375 0.0625 650.25 
24 1.28 15.42 19.7376 1.6384 237.7764 
25 2.9 6.1 17.69 8.41 37.21 
26 0.5 21.5 10.75 0.25 462.25 
27 0.12 27.36 3.2832 0.0144 748.5696 
28 1.2 15.95 19.14 1.44 254.4025 
29 2.31 4.57 10.5567 5.3361 20.8849 
30 1.27 16.78 21.3106 1.6129 281.5684 
31 0.35 27.35 9.5725 0.1225 748.0225 
32 1.17 14.55 17.0235 1.3689 211.7025 

Sum 57.55 372.43 294.2833 177.0453 7339.9075 
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The equation is that of linear regression line (Mihoc & Micu, 1980; Rădoane et al., 1996; 
Pătru, 2011), which is  , where: 

-X and Y are geographical variables (drainage and road network density); 
-a and b are the coefficients of the regression equation.The coefficients a and bare 

calculated with the following formulas (Rădoane et al., 1996): 
 

 
 

 
where n represents the number of the value pairs of the two considered indeces. 

 
RESULTS 
After we created this database, we solved the formulas:  

 

 
 

 
 

The linear regression line can be stated on the basis of these values: , where 
I replaced the coefficients of  the regression equation with the results 
above:  

Then we can move on to the graphical representation (Figure 7)   of the linear regression 
equation by selecting  in Microsoft Office Excel the 32 value pairs corresponding to the two 
analysed variables from the colums - the drainage density and - the road network density. 

The representation of the regression line can also be rendered in the form of a logarithmical 
(Figure 8) or a polynomial equation (Figure 9). 
 

 
Figure 7. The Bârsa Country – The representation of the linear regression equation for density 

drainage and road network density 
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Figure 8. The representation of logarithmical 
regression model equation 

Figure 9. The representation of regression equation 
as a polynomial of the 5th degree 

 
The shape of the point cloud in relation to the line of the linear regression equation, from 

the cartesian graph, illustrated the intensity of the dependence relationship between variables.  
 

Table 2. Significance levels for the correlation coefficient 
(Data source: Rădoane et al., 1996 according to Kirkby et al., 1987) 

No. of pairs 
of data(n) 

Significance levels (P) 

0.05 0.01 0.001 
3 0.954 0.986 0.997 
4 0.891 0.956 0.987 
5 0.826 0.919 0.97 
6 0.774 0.88 0.948 
7 0.727 0.843 0.924 
8 0.685 0.808 0.899 
9 0.65 0.776 0.875 
10 0.619 0.746 0.851 
11 0.592 0.719 0.828 
12 0.567 0.698 0.806 
13 0.546 0.672 0.786 
14 0.526 0.652 0.767 
15 0.509 0.633 0.749 
16 0.493 0.615 0.732 
17 0.478 0.599 0.715 
18 0.465 0.584 0.7 
19 0.453 0.57 0.686 
20 0.441 0.557 0.672 
25 0.395 0.502 0.613 
30 0.36 0.461 0.567 
40 0.312 0.402 0.499 
60 0.254 0.33 0.414 
120 0.179 0.234 0.297 

 
The last stage, which supports and validates the graphical representation of linear 

regression equation, is the calculation of the correlation coefficient between the drainage density 
and the road network density. The shape of the point cloud around the regression line may be 
interpreted calculating a dimensional statistics index, called correlation coefficient (r), which has 
the next formula (Rădoane et al., 1996): 
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The values of r ranges between -1 and +1. When interpreting these values the 
followingsituations may be identified: 

- when r = 0, there is not a direct correlation between variables; 
- when r > 0, the Y variable depends on the X variable in positive correlation, high X values 

corresponding to high Y values; 
- when r < 0, the Y variable is dependent on the X variable in negative correlation, high X 

values leading to low Y values; 
- the closer to extreme values r (-1 and +1) is, the higher the dependence degree of  Y 

variable in relation to X variable is. 
For a good interpretationof r values we must also take into account the critical points in the 

table of the signification levels of r (Rădoane et al., 1996) (table 2). These values highlight the 
fidelity of the analysis according to the number of measurements (n). The number of value pairs 
should be greater than or equal to 30 (Pătru, 2011). The values in this table represent the limits 
below which the correlation between the analysed indicators is not significant anymore. 

After we replace with the values from the database table (table 1) we obtain: 

 

 
 

CONCLUSION 
Comparing it with , the critical value in the table of the significance levels of the 

correlation coefficient (see table 1), we observe that the obtained result is far superior, being quite 
close to .  As we know it, the closer to extreme values r is (-1 și +1), the bigger the dependence 
level of variable Y in relation to variable X is. We can thereby conclude that the arrangement of 
the upgraded infrastucture road network in the Bârsa Country is closely linked with the drainage 
level, the correlation being linearly negative and inversely proportional. 

Thus, very low road density values, even equal to 0 in the selected areas in The Piatra 
Craiului and Bucegi Mountains, correspond to high drainage density values, of above 7 km/km² 
(The Piatra Craiului, Bucegi and Postăvaru Mountains, Piatra Mare Massif). In the case of low 
drainage density values, of below 1km/ km² (the conurbation of Brașov in the depressionary plain 
of Bârsa), the level of the infrastucture road density values is very high, exceeding 30 km/km².  

The arrangement of the point cloud in relation to the linear regression line reflects large 
variations. This aspect can easily be observed in all three graphical representations, the 
representation of the linear regression line being the most eloquent. The points are at considerable 
distances from the line, which denotes that various values of road infrastucture density correspond 
to the same drainage density values. This aspect indicates that lands having the same 
characteristics of drainage level show a different use level for the transport infrastructure. This fact 
is explained by the presence or lack of human settlements on the same type of terrains, the road 
density having much higher values within the built-up area in comparison with the terrains in an 
unincorporated area of a TAU (territorial-administrative unit). On the other hand, this situation 
proves that there are terrains convenient for the expansion of road network. What we have to do is 
to corroborate this type of analysis and those about land suitability for this kind of infrastructure. 
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