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Introduction 
• On hillslopes gully erosion plays an important 

role in relief formation, especially on loose 
sediments and in agricultural areas. 

• It is believed that hardly any gullies develop 
under forest. 

• The objective of this paper is to present a study 
on gully development and distribution in a 
forested area, i.e. in the Börzsöny Mountains in 
Hungary and to reveal the factors controlling gully 
formation. 

• The results presented in this paper are based on 
the data of a nation-wide gully cadastre carried 
out by the authors. 
 







Study area 
 

• The Börzsöny Mountains are of volcanic origin, 
forested, with steep slopes and with high relative 
relief values. 

• The Börzsöny area is 447 km2 in N Hungary. It is 
a paleo-volcano formed in the Miocene between 
16.5 and 13.5 Ma.  

• The recent surface and valley system was 
formed by the erosion of the nearly 800 m thick 
volcanic strata.  

• The elevation of the study area varies between 
120 m and 939 m asl. 

• Mean annual temperature does not exceed 8-8.5 
°C with only 7-8 °C in the highest region,  

• Mean annual precipitation is 6-800 mm   
 



Methods 
 

• The gullies were digitized (1:10 000) 
• GIS (digital map of the gullies, map of 

soil properties, land use map 
topographic map)  

•  Gully lengths, mean gradients, land 
use, properties of parent materials and 
soils. 

• Analysis of the GIS database 
 



Table 1 Parent material and soil type distribution 

 Soil type (%) Parent material (%) 

 Feosem  Luvisol Cambisol Chernozem Gleysol 
Glacial and 

alluvial deposits Loess 
Tercier and 

older deposits 
Andesite, 

basalt, riolite 

Börzsöny 4 81 15 0 0 0 1 33 66 

 



Soil types 



 Texture (%) OM content distribution (%) 

 
Loam Clay 

loam 
50–100 
t ha-1 

100–
200 

t ha-1 

200–
300 

t ha-1 

300–
400 

t ha-1 

400< 
t ha-1 

Börzsöny 23 77 0 96 4 - - 
 

Table 2 Texture and organic matter (OM) distribution 



Table 3 Soil depth distribution 

 Soil depth (%, cm) 

 20–40 40–70 70–100  100 < 

Börzsöny 4 62 - 34 
 



Results 
• It could be presumed that deep gullies cannot be 

formed on volcanic rocks covered by shallow 
soils. 

• There are gullies also on these soil types. We 
observed deep gullies with steep slopes cut into 
the hard volcanic rock.  

• These gullies are developed presumably during 
the Pleistocene.  

• There are also shallow gullies running parallel 
with each other due to anthropogenic activities 
(roads used probably for wood transport or by 
the army).  

 













Table 4 Land use distribution of the study sites 
derived form the CLC50 (2000) database 

Börzsöny 

Land use Total area (ha) 
Percentage 

(%) Average area (ha) 

Artificial surface 985 2 47 

Cultivated area 4235 9 132 

Forest 33928 76 1696 

Pasture 4134 9 63 

Swamp 1 0 0 

Scrubland 1447 3 39 
 



Simplified land use map of the Börzsöny study site 



Slope gradient classes 



Table 5 Main gully properties 

 

  Börzsöny 
Number of gullies 2260 
Dissection index (km km-2) 1.43 
Total length (m) 638309 
Average length (m) 282 
Minimum length (m) 2 
Maximum length (m) 7308 
Median (m) 126 



Table 7 Average properties of the surveyed 
gullies in the Börzsöny 

Property 

Percentage according 
to the number of 

gullies 

Percentage 
according to gully 

length 
Average length 

Soil type (%) (%) (m) 
Feosem 1.1 0 118 
Luvisol 86.9 88 283 
Cambisol 11.5 11 279 
Chernozem 0.4 1 808 
Parent rock    
Loess 1.9 3 441 
Tercier and older 
deposits 

36.4 31.0 241 
Volcanic rocks 61.7 66.0 302 
Soil texture    
Sandy loam 0 1 110 
Loam 30 26 242 
Clay loam 70 73 297 
OM content tha-1     
100–200 98.9 100 284 
200 – 300 1.1 0 118 
Soil depth (cm)    
20 – 40  1 0 118 
40 – 70  61 66 305 
> 100  38 34 251 
 



Table 8 Land use type distribution of the  
gully areas in 1985 

 Börzsöny 
 Arable land Pasture Forest 
Total length (m) 11343 76619 550347 
Total length (%) 2 12 86 
No. of gullies 37 266 1959 
No. of gullies (%) 2 12 86 
Average length 307 290 281 
Median (length) 161 131 124 
Minimum length 14 22 2 
Maximum length 2558 6990 7308 

 



Table 9 Land use type distribution of the 
gully areas derived from the 2000 CLC50 

database 
 Börzsöny 
 Cultivated area Forest Pasture Scrubland 
Total length (m) 82968 455933 81718 6247 
Total length (%) 13 73 13 1 
No of gullies 126 1812 242 33 
No of gullies (%) 6 82 11 1 
Average length 658 252 339 189 
Median (length) 265 119 150 115 
Minimum length 22 2 17 20 
Maximum length 6990 5561 7308 1078 
Dissection index 
(km km-2) 

2,0 1,3 2,0  
 

















Conclusions 
• It is difficult to assess the effects of the environmental factors 

because they are interrelated.  
• It is presumed that soil properties have the smallest effect on 

gully development. This conclusion is confirmed by the high 
share of gullies formed on Luvisol and it is known that Luvisol is 
resistant to gully erosion. 

• The role of parent material is very important.  
• Relief and land use play the most important role in gully 

development.  
• The methodology of gully identification is not perfect as a gully is 

classified as a gully in the forest even if a considerable part of its 
catchment is on arable land.  

• Very deep gullies developed to valleys in some cases. They 
must be of Plesitocene, early Holocene origin as they are deeply 
cut into hard rock. 

• The analysis of the area revealed important characteristics of 
the gullies and pointed to some features of gully development. 
Future research will be dedicated to the classified survey of 
gullies in the country (i.e. a detailed country-wide survey of 
ephemeral gullies). 
 


