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- SE dipping ridges are typical in the study area, thus a separate symbol has been introduced for these 
landforms. They were formed by the incision of the consequent, SE trending valley set.  

- Slope-bench: flattening parts of the slopes or ridges, common landform in the Gödöllő Hills. In very 
gently dipping slopes the separation of the ridge, the slope and the slope-bench can be problematic 
because of the absence of marked breaks in the slope. The slope-bench may develop into a local-top, and 
by the further regression of the adjacent valleys, into an isolated hill. 

3) Slopes 
Slopes are features connecting the positive and the negative landforms. On the geomorphic map slope-

lines are perpendicular to the contour lines, they are straight with no break and always connect one 
landform with another (e.g. a ridge with a valley). At the presented scale slope-lines do not reflect the 
steepness of the slope, thus the asymmetry of a valley is reflected only by the length of the slope. Three 
types of slopes were distinguished (Fig. 6-4A and B). 

- Erosional slope: slope formed by the erosional incision of a valley. On the map contour lines are 
straight and parallel to each other, indicating an evenly dipping surface. 

- Derasional slope: these slopes are also the result of the incision of a valley however, mass 
movements significantly disturbed their surface. The need for the introduction of this category stems from 
the widespread presence of slope movements in the area. On the map contour lines are undulating 
adjacent contour lines are not exactly parallel. This indicates an uneven surface, and causes that slope 
lines on the geomorphic map cannot be strictly parallel with each contour line of the topo map. The 
transition between the “normal” or erosional and the derasional slopes is gradual; almost every slope has 
been affected by certain degree of mass-wasting. 

- Slope direction: in gently sloping, usually sand covered areas the surface is smooth but irregular, 
which hampers the drawing of the conventional slope lines. Therefore an arrow shaped symbol was 
introduced, which must not obey strictly the rules that concern the slope lines (not exactly perpendicular 
to the contour lines, and can be curved). Only its major flexibility allows to give an impression of the 
slope conditions of the uneven terrains. 

4) Sedimentary cover 
Two types of cover-sediments are distinguished on the geomorphic map (Fig. 6-4A and B). 
- Loess-covered areas appear on the geomorphic map with white background. They are characterised 

by dissected topography with relatively steep slopes and clearly recognisable landforms.  
- Sand-covered areas have eolian sand on their surface and appear with pale yellow background on the 

geomorphic map. Landforms of these areas are blurred; their distinction and mapping is somewhat 
problematic. The drainage network is disconnected; shallow derasional-erosional valleys form an 
irregular system. In spite of their irregular appearance, definition and delineation of the landforms was 
necessary for the understanding of the landscape forming processes and for defining the directions of 
material transport. Slopes are uneven, thus on the geomorphic map the symbol of slope-lines often had to 
be replaced by the less rigorous symbol of slope direction. Terrains blanketed by eolian sand correspond 
to the Galga valley in the NE, to the Isaszeg Channel in the middle and the GHP in the SW part of the 
map.  

Some eolian landforms have been distinguished within the sandy areas. These occur mostly in the 
elevated middle part of the Isaszeg Channel, around the Danube-Tisza watershed (Fig. 6-4A) and also in 
the GHP (Fig. 6-4B). 

- Sand dune: positive landform of sand accumulation. Indicated on the geomorphic map only if 
larger than ~100 m in diameter or ~5 m in height. 

- Deflation-hollow: negative landform of deflation. Indicated if larger than ~100 m in diameter or 
~5 m in depth.  

- Sand dune area: hummocky areas with minor sand dunes and deflation hollows within the sandy 
areas. 

 
Two main landscape-types could be distinguished on the geomorphic map, which were 

organised in NW-SE trending zones (Fig. 6-4A, B). The first type is characterised by dissected 
landscape with relatively steep erosional slopes and clearly recognisable landforms and 
coincides with the Valkó and Úri Ridges. Landforms developed mainly due to fluvial erosion 
and loess cover support wind-shielded position of these areas. 
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The second type – Galga valley in the NE, Isaszeg Channel in the middle and GHP in the 
SW – is a smooth landscape with faintly outlined landforms mostly covered by fine-grained, 
eolian sand. Shallow valleys and poorly developed ridges in the Isaszeg Channel are blurred, 
deflation hollows and sand dunes are typical on the top levels (Fig. 6-4A). Eolian landforms 
and sand cover suggest significant deflation. 

In the Gödöllő Hills, small streams with only low discharges occupy relatively wide valleys 
(~3-600 m width, ~40-80 m depth). Drainage basins are small and have developed on porous 
lithology, where a possible increase of precipitation could lead only to moderate changes in 
runoff. Therefore, not even the most humid climate spells of the Quaternary would account for 
the much greater stream power needed to generate the observed valley sizes (Nováki 1991). 
Previous authors assumed that the valleys in the Gödöllő Hills were carved by fluvial erosion 
and were reshaped – widened – by mass wasting (e.g. Balla 1959, Láng 1967). The latter 
assumption is supported by this study, as derasional landforms are widespread in the area. In 
addition, the presence of eolian landforms imply that severe deflation during dry climate spells 
could also play a role in widening the NW-SE trending valleys.  

 
 
6.4. Morphometric analysis 
 
The surface of the Gödöllő Hills is dissected by fluvial erosion, which indicates high-

standing topography relative to the adjacent lowlands. As there are no major lithologic 
differences, the local slope may be the most important control on the development of the 
drainage network. This analysis aims at the recognition of tectonic and erosional processes, 
which have been active during the Quaternary landscape evolution of the Gödöllő Hills. 

The application of digital elevation models (DEM) in geosciences is increasing rapidly. 
DEMs are excellent tools for morphometric analysis (e.g. Zuchiewicz 1991, Grohmann 2004, 
Obi Reddy et al. 2004, Székely and Karátson 2004), surface process modelling (Telbisz 2001, 
Jordán et al. 2003, Karátson and Timár 2005) and tectonic geomorphology (e.g. Demoulin 
1998, Mayer 2000, Molin et al. 2004, Székely 2001, Pinter 2005). In this study conventional 
methods of drainage analysis (e.g. Horton 1945, Strahler 1957) and novel DEM techniques are 
employed jointly for the quantitative characterisation of the surface morphology. 

 
Data source and preparation 
 
The digital elevation data source was the DEM called DDM-10 distributed by the 

Cartographic Institute of the Hungarian Ministry of Defence (HM Térképészeti Hivatal). The 
DDM-10 has a horizontal cell size of 10 m and a vertical resolution of 2.5 m. The DEM – 
similarly to the topographic maps used for fieldwork and geomorphic mapping – is in EOV 
projection system. The DEM analysis was carried out within rectangular frame between Φ = 
47° 42’ 42”; Φ = 47° 15’ 40” northern latitudes and Λ = 19° 10‘ 37”; Λ = 19° 44’ 10” eastern 
longitudes (In EOV system EOV N: 263070-213210 /49.86 km/ and EOV E: 659640-702040 
/42.40 km/; Fig. 6-1). Coordinates on the figures are converted to geographical coordinates. 
The DEM was processed and analysed using the ESRI ArcViewGIS 3.2 software. The rose 
diagrams were plotted by means of the GEOrient software. 

 
The ESRI ArcViewGIS 3.2 software handles the DEM as a grid data set. Therefore the 

DDM-10 was first converted into ASCII format, and after that imported into the ArcView.  
DEM preparation is the recognition and correction of erroneous cells of the “raw” DEM 

data. Dem preparation for the drainage pattern analysis of the Gödöllő Hills occurred using the 
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HydroTools 1.0 for ArcView 3.x AV extension (author: H. Schauble) and consisted of the 
following steps: 
1. Derivation of sinks in the DEM. Sinks are closed surface depressions with no surface 

discharge. 
2. Filling the sinks to equal height as the adjacent areas. 
3. Calculation of the flow direction, the path of the runoff water. 
4. Correction of the DEM to erase inconsistencies of the elevation and the flow direction. This 

is achieved by giving an extremely gentle downhill gradient to the flat areas.  
5. Re-calculation of the flow direction using the corrected DEM (4). This grid will serve as a 

base for the hydrologic functions of the DEM analysis, like drainage basin delimitation and 
drainage pattern designation. 

6. Calculation of the flow accumulation, that means the increase of the amount of runoff water 
from the water-divides towards the erosion base. Flow accumulation was calculated on the 
basis of the flow direction (5) grid using the “D8 – Single Flow” method. This means that 
the runoff from a cell flows directly and entirely to the lowest cell among the eight 
surrounding pixels. The flow accumulation grid is also a basic data set for the hydrologic 
functions of the DEM analysis. 
 
6.4.1. Geomorphological segmentation of the study area 
 
For the identification of geomorphologic units within the study area, basic parameters like 

spatial distribution of elevation above sea level, range of elevation, slope angle and range of 
slope angle were evaluated statistically.  
 

 
Fig. 6-5. Elevation characteristics of the Gödöllő Hills. A: Elevation map. B: Relative relief map. The 
elevation range was computed for a circular window with a radius of 300m. Black lines delineate the 
topographic units. In the small inset units of the Gödöllő Hills appear with white colour, units outside 
the study area have grey tone. Bp: Budapest, G: Gödöllő, Va: Valkó, Is: Isaszeg, M: Mende, U: Úri. 
Scale is the same for both maps. 
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Elevation  
 
Elevations (h) within the study area vary between 99 and 344 m asl. The elevation map 

(Fig. 6-5A) enhances the northwest-southeast regional slope of the surface as well as the 
elongated southeast-striking “range” of the Úri Ridge extending into the GHP. 

The relative relief or relief (hmax-hmin) of the entire area is 245 m. Relief was analysed with 
neighbourhood statistics within to enhance regional differences. A circular sampling window 
with a radius of 300 m seemed to be suitable for the analysis, relative to the typical valley 
width of 300-600 m (Fig. 6-5B). The steeper northwest-facing slopes and the more dissected 
central areas appear with darker grey tones, indicative of higher relief. The relief pattern 
delineates six topographic units in the studied DEM rectangle. Areas with higher relief include 
the Cserhát Hills (see area nr. 1 in the inset of Fig. 6-5B) and the Valkó and the Úri Ridges 
(areas nr. 2 and 3). The wide zone of the Isaszeg Channel (nr. 4) and the GHP (nr. 5 and 6) are 
distinguished by smaller ranges of elevation (Fig. 6-5B). Three of these regions, the Valkó and 
Úri Ridges and the Isaszeg Channel (nr. 2, 3 and 4) roughly cover the area of the Gödöllő Hills. 
The other three units (nr. 1, 5 and 6) are outside of the Gödöllő Hills and beyond the scope of 
this study. 

 
Slope characteristics 
 

 
 
Fig. 6-6. Slope characteristics of the Gödöllő Hills. A: Slope map. Circle diagrams show the slope 
categories in the topographic units. Note that the slope conditions of the Isaszeg Channel are more 
similar to the lowlands than to the hills. B: Range of slope map. The range of slope was computed for 
a circular window with a radius of 300m. Topographic units are outlined with black continuous lines. 
In the small inset units of the Gödöllő Hills appear with white colour, units outside the study area 
have grey tone. Bp: Budapest, G: Gödöllő, Va: Valkó, Is: Isaszeg, M: Mende, U: Úri. Scale and 
legend is the same for both maps. 
 
The slope map (Fig. 6-6A) characterises the gradient (change of elevation at right angles to 

the contour-lines) across the study area. Slope angles vary between 0° and 30°. The darker 
tones of the steeper slopes outline well the Valkó and Úri Ridges and their valley network.  
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Plots of slope distribution (Fig. 6-6A) highlight the difference between the topography of 
the units. The dissected areas (nr. 1, 2 and 3) are characterised by a proportion of at least 20% 
of slopes steeper than 5° and significant occurrence of slopes steeper than 10°. Another group 
is formed by the flat areas (nr 4, 5, 6), in which slopes steeper then 10° are insignificant or 
completely missing. The Isaszeg Channel (nr. 4) can be easily identified by its relatively high 
proportion of slopes of 2-5° (42%) and 5-10° (6%).  

The slope map highlights the a considerable change in the shape of the Rákos valley at the 
boundary of the Isaszeg Channel and the Úri Ridge. In the Isaszeg Channel the Rákos valley is 
wide and flat. When it enters the Úri Ridge the valley suddenly becomes narrow and steep. 
After leaving the Ridge, the valley-shape returns to be flat again (Fig. 6-6A). Similar changes 
are observable along other streams of the area (e.g. Alsó-Tápió). 

”Range of slope” refers to the variability of the slope angle within a certain area (slopemax-
slopemin), which is indicative of the surface roughness (Fig. 6-6B). Similarly to the relief map, 
range of slope was also computed using neighbourhood statistics for a circular window of 300 
m radius. The spatial pattern of the range of slope (Fig. 6-6B) also clearly discriminated 
among the topographic units of the Gödöllő Hills noted above. The most dissected areas are 
the central parts of the Ridges, appearing in dark grey and black. In the less dissected 
southeastern parts of the Ridges the valley network is highlighted by higher range of slope 
values. The Isaszeg Channel is a long, rectilinear, wide and smooth depression between the 
Ridges. 

 
Aspect of the slopes 
 
The directional rose diagrams of the aspect of the slopes (Table 6-1) of the Gödöllő Hills 

show a dominant NE, and a secondary SW maximum. Accordingly, the aspect of the slopes do 
not reflect the prominent SE slope of the surface, but shows the aspect of the valley sides of the 
consequent valleys. As the main directions do not vary quantitatively in the distinct 
topographic units, the aspect distribution itself did not provide suitable information for the 
definition of the regions.  

 
Cserhát Valkó 

Ridge Úri Ridge Isaszeg 
Channel GHP1 GHP2 

      
 
Table 6-1. Aspect of slopes of the topographic units. Rose diagrams reflect the aspect 
of the valley sides, thus maximums of the roses highlight slopes perpendicular to the 
characteristic NW-SE valley-direction. In the GHP units the general slope is mirrored 
by the rose diagrams. 

 
Delineation of watersheds 
 
For the drainage pattern analysis, it was necessary to divide the topographic units of the 

Gödöllő Hills into smaller, more homogeneous sub-units. The drainage basins were derived 
from the corrected DEM by defining their outlets at the point where each stream leaves its 
incised valley at the margin of the given topographic unit. This method enabled the designation 
of 11 catchments in the Gödöllő Hills (Fig. 6-7, Table 6-2).  

The only drainage basin, which includes both hilly and flat regions is nr. 6, of the Rákos 
Creek (Fig. 6-7). Here the upper reach of the stream flows southeastward within the Isaszeg 
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Channel. At the village of Isaszeg the Rákos Creek abandons the Isaszeg Channel takes a 90° 
turn towards the west and cuts through the Úri Ridge towards the Danube, forming a narrow 
valley of 80-100 m relative depth. This feature is called the “Rákos Capture”. Towards the SE 
within the Isaszeg Channel the watershed is less than 25 m above the Rákos Creek and on its 
opposite side the Felső-Tápió Creek flows in the same SE strike as the upper Rákos Creek 
(Fig. 6-1).  

For the morphometric 
investigations, it was impossible to 
maintain the unity of this catchment, 
hence it was split into two sub-basins 
(upper and lower reaches of the 
Rákos Creek, numbers 6A and 6B).  

Drainage basins 1, 2, 3 and 4 form 
part of the Valkó Ridge. Drainages 5, 
6A and 7 are situated in the Isaszeg 
Channel. Catchments 8, 6B, 9, 10, 11 
belong to the Úri Ridge. The 
Danube-Tisza regional drainage 
divide crosses through the Gödöllő 
Hills in a roughly north-south 
direction, then it continues on the 
southwestern boundary of the Úri 
Ridge (Fig. 6-7). Three of the basins 
(5, 6, 8) of the study area drain to the 
Danube, towards the west; the 
remaining eight basins (1, 2, 3, 4, 7, 
9, 10, 11) have outlets to the east and 
drain to the Tisza River. 

 
6.4.2. Hypsometry 
 
Hypsometry is the measurement 

and analysis of the elevation 
distribution of an area. The 
hypsometric curve is a tool for 
characterising this distribution 
(Keller and Pinter 2002). It is 
suitable for the comparison of 
drainage basins of different sizes, because elevations (h) are plotted as proportion of the total 
height (h/H) against the proportion of the total area (a/A) of the basin, where H is the total 
relative height, A is the total area of the basin and a is the area of the basin above a given line 
of elevation (Keller and Pinter 2002). 

The hypsometric integral (Ihyp) is an index for characterizing the shape of the hypsometric 
curve by calculating the area under the curve.  

(13)  Ihyp = (hmean-hmin)/(hmax-hmin),  

where hmean is the average height, hmin and hmax are the minimum and maximum height of the 
catchment. Ihyp falls between 0 and 1 and is independent of the basin size and absolute 
elevation. Large values are indicative of large areas with high elevation relative to the mean. 
Intermediate to low values suggest a basin relatively evenly dissected (Keller and Pinter 

 
Fig. 6-7. Watersheds of the study area. Base map is the 

slope distribution of the Gödöllő Hills. Bold black lines are 
the boundaries of the drainage basins. Small inset shows the 
numbering of the drainage basins. The catchments of the 
Valkó and Úri Ridges appear with darker grey tone. Note 
that the only drainage basin extended to two topographic 
units is nr 6. For the morphometric analysis it has been split 
into two parts marked by 6A and 6B. Names and basic 
attributes of the basins appear in Table 6-2.   
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2002). This link between topography and the hypsometric integral allows the separation of 
more and less dissected terrains. 

 
min. max. average 

nr.  main stream topographic unit area 
(km2) 

perimeter 
(km) elevation (m) 

1 Egres-Besnyői Valkó Ridge 73.51 53.84 125 346 215.7 
2 Nagy Valkó Ridge 14.89 26.02 125 286 206.7 
3 Sósi Valkó Ridge 20.58 27.27 126 269 191.4 
4 Hajta - Kókai Valkó Ridge 153.67 64.12 115 308 167.1 
5 Sződrákosi Isaszeg Channel 67.74 46.09 125 326 198.3 

6A Upper-Rákos Isaszeg Channel 53.47 46.17 175 346 222.5 
6B Lower-Rákos Úri Ridge  64.65 43.80 134 312 203.7 
7 Felső-Tápió Isaszeg Channel 45.96 38.55 136 306 179.3 
8 Szilas Úri Ridge 50.98 34.17 144 326 221.2 
9 Alsó-Tápió Úri Ridge 80.06 51.32 140 312 202.0 
10 Gombai Úri Ridge 105.11 56.89 115 238 168.6 
11 Pándi Úri Ridge 25.13 26.85 115 217 164.4 

mean   62.9 42.9 131.2 299.3 195.1 
 

nr.  relative 
relief (m) 

st. dev. of 
elevation (m) 

max. slope 
(°) 

average 
slope (°)

st. dev. of 
slope (°) Ihyp L (km) Dv 

(km/km2) 

1 221 35.0 28.8 4.9 4.6 0.41 87.0 1.13 
2 161 37.1 32.9 5.5 4.4 0.51 21.0 1.36 
3 143 31.0 28.3 2.0 2.8 0.46 31.2 1.39 
4 193 34.6 28.7 3.3 3.9 0.27 158.1 1.03 
5 201 31.4 28.3 1.9 2.5 0.36 65.5 0.87 

6A 171 29.0 34.5 6.3 4.8 0.28 47.7 0.88 
6B 178 37.0 28.3 3.2 3.2 0.39 109.6 1.57 
7 170 29.1 36.0 4.0 4.1 0.25 42.2 1.12 
8 182 41.4 26.6 4.1 3.6 0.42 76.4 1.45 
9 172 29.6 36.9 2.5 2.9 0.36 119.6 1.46 
10 123 25.8 27.9 2.9 2.8 0.44 161.9 1.64 
11 102 25.0 36.0 5.0 4.7 0.48 34.2 1.24 

mean 168.1 32.2 31.1 3.8 3.7 0.39 79.5 1.26 
 
Table 6-2. Morphometric parameters of the drainage basins. Catchments with smooth surface
appear with grey background. Ihyp: hypsometric integral, L: total valley length, Dv: valley 
density. 

 
In the Gödöllő Hills the hypsometric integral varies between 0.25 and 0.51 with an average 

of 0.39 (Table 6-2, Fig. 6-8). Drainage basins within the Isaszeg Channel (6A and 7) and the 
SE area of Valkó Ridge (catchment nr. 4) have values below 0.30. The hypsometric integral is 
highest in the most dissected central part of the Valkó Ridge (basins 2, 3). Interestingly, basins 
10 and 11, at the southeast termination of the Úri Ridge also have high Ihyp values (0.44; 0.48). 
Strikingly high or low values may be indicative of neotectonic deformation (e.g. Keller and 
Pinter 2002) as subsidence has a smoothing effect (e.g. basin nr. 4), while uplift leads to 



 Chapter 6: Morphotectonics of the Gödöllő Hills 98

dissection (e.g. basins 2, 3, 11). However, marked regional differences in erosional processes 
may also generate considerable variations of Ihyp values (e.g. catchments 6A-6B; 7-10). 

On Fig. 6-9, three clusters could be distinguished by plotting the hypsometric integral of 
each drainage basin against their average slope. The “hypI” cluster (catchments 4, 5, 7, 6A) 
has low average slopes and low hypsometric integral values. These are gentle areas within the 
Isaszeg Channel and the SE part of the Valkó Ridge. The “hypII” group (drainage basins 3, 8, 
10, 11) is characterized by high hypsometric integral values and intermediate average slope 
angles (~3.8°). The hypsometric integral values of the “hypIII” cluster (basins 1, 2, 6B, 9) are 
moderate to high, and average slopes are steep. These clusters contain the dissected landscape 
of the Valkó and Úri Ridges. Catchments in the “hypII” group have slightly smoother 
topography relative to the “hypIII” group.  

 

Fig. 6-8. Hypsometric 
curves of the drainage 
basins. Number of the 
basins appear in the 
upper left, hypsometric 
integral is in the upper 
right corner of each 
plot. Smallest values 
(smooth landscape) are 
in boxes, highest values 
(dissected surface) are 
marked with grey 
shadow. For data refer 
to Table 6-2. 
 

 

Fig. 6-9. Hypsometric integral of the 
drainage basins plotted against the average 
slope. Arabic numbers indicate the 
drainage basins. Higher average slope and 
hypsometric integral indicate increased 
surface roughness. 
 

 
 
6.4.3. Derivation of the drainage network 
 
In the Gödöllő Hills, the valley network was derived from the DEM (using the flow 

accumulation grid derived from the corrected elevation grid; see data preparation section), 
which allows the application of user-defined thresholds for the definition of a watercourse or, 
in our case, of a valley. The threshold value determines the minimum upstream contributing 
area (number of cells) associated with a given point necessary to consider that point as part of a 
valley. For example, a threshold of 1000 means that for each cell of the DEM, the software 
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tests whether that cell possesses a catchment area of at least 1000 contributing cells (0.1 km2 
drainage area). 

The selection of the adequate threshold is 
crucial, because it defines the dimensions of the 
valleys to be analysed. This scale-dependent 
behaviour of the resulting valley network makes 
it necessary to consider the aims of the analysis. 
When the threshold is too large some existing 
valleys or upper valley reaches are neglected in 
the modelled drainage pattern (error of 
omission; Fig. 6-10A). On the other hand, where 
an excessively small threshold value is selected, 
false valley branches are generated (error of 
commission; e.g. GHP and Isaszeg Channel on 
Fig. 6-10C). Therefore, valley determination in 
densely incised areas requires small thresholds 
(e.g. Úri Ridge, Fig. 6-10C), while in smooth 
terrains where runoff is small, larger threshold 
values are suitable (e.g. Isaszeg Channel, Fig. 6-
10B). Both error types should be avoided as 
they can mislead any further statistic analysis of 
the drainage network. The computed valley 
network cannot be interpreted in the lowlands, 
not even using high thresholds (GHP, Fig. 6-
10A). 

In the study area, threshold values of 500, 
1000, 2000, 5000 and 10,000 cells (0.05; 0.1; 
0.2; 0.5 and 1 km2, respectively) were tested. 
The computed valley networks at different 
thresholds were cross-checked with 1:10,000- 
and 1:25,000-scale topographic maps. 
Examination of the valleys illustrated that a 
uniform threshold value was not applicable for 
the entire area.  

Length-azimuth rose diagrams were derived 
from the directional data of the computed valley 
network at different scales to aid the 
determination of the adequate threshold (Fig. 6-
11). Each sector of the roses expresses the total 
length of the valleys in a certain strike 
(independently from the slope of the valley). The sector size was 10°. The orientation and 
proportion of the most frequent valley strike (in % of the total valley length; Max) and the 
circular variance (Cv) of the directional data helped to define the groups where identical 
threshold was applicable (Fig. 6-11, Table 6-3). The circular variance is a measure for 
dispersion of circular data. It varies between 0 and 1; values close to 0 mean clustered 
distribution of the data. In drainage basins where the thresholds 1000, 2000 and 5000 showed 
no significant directional alterations (Fig. 6-11A), valley networks with thresholds providing 
lower Cv and higher Max values were selected. Directional roses helped to reveal false valley 
branches generated by using an excessively small threshold in smooth areas (Fig. 6-11B). In 
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contrast, in dissected terrains, very high threshold values hid important valley-branches 
misleading directional statistics (Fig. 6-11C).  

Examination of the computed directional parameters and the hypsometry-slope plot (Table 6-
3, Fig. 6-9) defined two major groups of drainage basins. In the first group, which coincides 
with “hypI” cluster of Fig. 6-9, the threshold of 5000 cells (0.5 km2) provided the best 
approach for a realistic valley pattern. These are typically low relief terrains within the Isaszeg 
Channel (nr. 5, 6A and 7) and in the SE termination of the Valkó Ridge (nr. 4). The remaining 
catchments, which occupy the dissected areas of the ridges (“hypII” and “hypIII” clusters; 
basins nr. 1, 2, 3, 6B, 8, 9, 10 and 11), form a second, larger group with the most suitable 
threshold of 2000 cells (0.2 km2).  

 

 
 
Fig. 6-11. Some examples how directional rose diagrams of the valley network helped to 
define the adequate threshold values. Grey frame indicates the rose diagram of the most 
suitable scale. Cv: circular variance, Max: proportion of maximal sector in %. The fourth 
column demonstrates the map view of valleys generated with 0.5 and 0.2 km2 thresholds 
(black continuous and dashed lines, respectively). One segment of the scale-bar is 1 km. 
Table 6-3 shows the valley-direction parameters for all drainage basins. 

 
 
6.4.4. Characteristic features of the drainage network 
 
Rose diagrams (Table 6-3) demonstrated the existence of two typical valley orientations in 

the Gödöllő Hills. The primary modal orientation coincides with the overall slope of the 
Gödöllő Hills and also with the northwest-southeast strike of the Ridges. The secondary mode 
is oriented WSW-ENE. These two valley sets have markedly different shapes demonstrated on 
Fig. 6-12 by two series of parallel profiles in the catchment of the Alsó-Tápió Creek (nr. 9).  

The Ai-Bi profiles cross the Úri Ridge in a WSW-ENE direction and show the symmetry of 
the SE trending consequent valleys and ridges sloping gently towards the southeast. These 
valleys are of moderate depth, devoid of terraces. The Ci-Di profiles were drawn parallel to the 


