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Abstract. This study ascertains the relationship between lithology, slope and erosion susceptibility in the 
Byuyukdere river catchment, Eastern Rhodope Mountains, in Bulgaria. A GIS-based spatial analysis integrating 
geological and topographic parameters, derived from a 12.5 m digital elevation model, was employed to deline-
ate areas that have high erosion potential. Erosion-prone areas were identified through the spatial overlay of weak 
lithological units, steep slope gradients, and high LS (length and slope)-factor values. The results emphasize the 
dominant influence of lithological and topographic controls on erosion in small mountainous catchments. The ap-
plied approach demonstrates the effectiveness of geoinformation techniques for evaluating erosion susceptibility 
in data-scarce regions and provides a basis for erosion risk assessment and land management planning in similar 
geomorphic setting.
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Introduction

Erosion processes triggered by rainfall, snow-
melt and stream flows are controlled by the inter-
play between lithology and topography, as rock 
strength and slope steepness directly influence 
runoff behavior, soil loss, and drainage develop-
ment. Understanding this interaction is essential 
for assessing erosion susceptibility and support-
ing sustainable land management. Many studies 
highlight that various lithological media exhibit 
distinct erosional behaviors, thus influencing sedi-
ment transport and landscape features across re-
gions characterized by different lithologies (Hurst 
et al., 2013; Fox et al., 2023; Robl et al., 2025). 
Topographic features such as slope gradient and 
slope length significantly influence soil erosion in 
mountainous terrains. Steeper slopes tend to have 
high erosion rates due to increased runoff velocity 
(Zhou et al., 2014; Das et al., 2022; Nikolova et 
al., 2022a; Chwikhi et al., 2025).

The aim of this study is to evaluate how litho-
logical composition and terrain parameters (slope 
and LS-factor) determine erosion susceptibility in 
the Byuyukdere river catchment, a small mountain-
ous watershed representative of the complex terrain 
of southern Bulgaria. 

The study area is susceptible to erosion due to the 
high slope gradients, varieties in lithology, rare veg-
etation and occasional intensive rainfall (Nikolova 
et al., 2021; Nikolova et al., 2022b). The absence 
of meteorological monitoring within the catchment 
directed the study of erosion processes toward the 
use of indirect indicators, such as geological and 
topographic conditions, for assessing erosion sus-
ceptibility. The application of geoinformation tech-
niques for spatial analysis of erosion-controlling 
factors and for developing an integrated assessment 
of erosion susceptibility significantly enhances the 
efficiency of the evaluation process. Identifying 
areas susceptible to erosion provides a necessary 
foundation for subsequent erosion risk assessment 
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and management. In this context, the results of the 
present study can serve as baseline information for 
erosion risk management and territorial planning.

Study area 

The Byuyukdere river watershed is a small water-
shed with a total area of 27 km2, a part of the Arda 
river basin in the Eastern Rhodope Mountains (Fig. 
1a). The river originates near Yavorovo village 
and flows southward into the Kardzhali Dam. The 
catchment is characterized by a low-mountainous 
and highly dissected terrain, reflecting the com-
plex geological and geomorphological evolution 
of the Rhodope Mountains. Elevations within the 
watershed range from 375 to 885  m a.s.l. Topo-
graphically, the catchment exhibits a high slope 
variability. Moderate (3–15°) and steep (15–30°) 
slopes dominate, occupying approximately 44% 
and 47% of the total area. This slope distribution 
strongly influences surface runoff, soil erosion 
potential, and sediment transport dynamics within 
the watershed.

The study basin was formed within the North-
eastern Rhodope Depression and displays a pro-
nounced lithological heterogeneity related to a 
complex volcano–sedimentary evolution (Fig.  1a; 
Yordanov et al., 2008). The northern and central 
parts are dominated by Oligocene pyroclastic and 
sedimentary-pyroclastic rocks – fine-ash tuffs, cal-
careous tuffites, and platy limestones – which are 
relatively soft materials, promoting the formation of 
highly dissected terrain. Resistant andesitic to latitic 
volcanic rocks are exposed in the western and north-
western parts of the watershed, where the drain-
age density decreases. Coarse-ash intermediate to 
acidic tuffs, tuffites, and epiclastic rocks are present 
in the central watershed, where they determine the 
formation of moderately dissected terrain slopes. 
Sedimentary units such as organogenic limestones, 
sandstones with subordinate breccia-conglomerate 
beds, and flysch sequences are sparsely exposed 
on the surface but have a local significance for the 
erosion, particularly in the southern and southeast-
ern regions. The alternation of marls, siltstones, 
sandstones, tuffs, and tuffites occurs mainly in the 
eastern catchment, while polyclastic conglomerate–
breccias occupy small areas.

Overall, soft lithologies such as tuffs, tuffites, 
and marls cover roughly half of the watershed, 
whereas resistant volcanic and carbonate rocks oc-
cupy about one-third, greatly influencing slope sta-
bility and drainage development.  The prevalence 
of tuffs and andesitic lavas contributes to variable 

weathering resistance and differential erosion in the 
Byuyukdere watershed.

Methods

To assess the impact of lithological and topographic 
features on the erosion susceptibility of the area, 
field observations and a GIS analysis were conduct-
ed based on a geological map at a scale of 1:50,000 
(Yordanov et al., 2008) and a digital elevation mod-
el (DEM). A 12.5 m resolution DEM (ALOS PAL-
SAR) was used to derive slope and LS-factor (slope 
length and steepness) rasters in ArcGIS Pro 3.5.2 
(Esri Inc., 2025). The DEM data were obtained from 
the Alaska Satellite Facility and are freely available 
for scientific use.

The slope of the surface is one of the most criti-
cal factors influencing water erosion, as the slope 
angle directly regulates the velocity of surface run-
off. The rapid runoff increases the erosive power of 
water on soil particles. Steeper slopes thus promote 
rill and gully formation, while gentle slopes favor 
sheet erosion. Slope and LS-factor values reflect the 
combined influence of slope length and steepness, 
highlighting zones of potential water erosion, either 
directed in channels or as sheet flow. These factors 
were selected as key topographic indicators of ero-
sion because slope controls surface runoff veloc-
ity and the potential for soil detachment (Morgan, 
2005). The LS-factor integrates the effects of slope 
length and steepness, which is a critical component 
in the Revised Universal Soil Loss Equation (RU-
SLE) for estimating soil loss (Renard et al., 1997). 
Steeper and longer slopes increase runoff energy 
and concentrate erosive processes, resulting in high-
er erosion risk. These factors have been widely used 
in GIS-based erosion risk mapping (Prasannakumar 
et al., 2012; Chwikhi et al., 2025).

The LS-factor was calculated using the RUSLE 
(Moore et al., 1991):

DAAC

where A is the specific contributing area, derived 
from a Flow Accumulation raster computed from the 
DEM using Hydrology Tools in ArcGIS Pro. Flow 
Accumulation indicates, for each cell, the number 
of upstream cells contributing surface runoff; θ is 
the slope in radians; m and n are empirically derived 
exponents depending on soil and terrain characteris-
tics. The use of LS-factor in combination with slope 
for erosion susceptibility mapping follows previ-
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Fig. 1. Spatial distribution of lithological and topographic indicators: a) location of the study area and lithological map (after Yor-
danov et al. (2008) with modifications), showing 1 – fine-ash and vitriclastic acidic tuffs, calcareous tuffites, and platy impure lime-
stones; 2 – andesites; 3 – latites to andesites; 4 – coarse-ash intermediate-acid tuffs, tuffites and epiclastics; 5 – latitic to andesitic 
lava breccias; 6 – organogenic limestones; 7 – sandstones with breccia–conglomerate beds; 8 – flysch; 9 – alternation of marls, 
siltstones, sandstones, tuffs and tuffites; 10 – polyclastic conglomerate–breccias; b) lithological erosion susceptibility c) erosion 
susceptibility by slope gradients; d) erosion susceptibility by LS-factor; and e) composite erosion susceptibility derived from the 
weighted sum overlay.
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ous studies applying RUSLE in GIS-based analyses 
(Lewis et al., 2005; Wagari et al., 2021). 

For a complex assessment of the influence of 
lithology and topography on erosion GIS layers 
for lithology, slope and LS-factor were created in 
ArcGIS software. Lithologies and morphometric 
parameters were classified into five erosion suscep-
tibility classes, where class 1 denotes a very low 
susceptibility and class 5 is used for a very high 
susceptibility (Table 1, Figs. 1b, c, d). 

A composite erosion susceptibility raster was 
generated using the Overlay Weighted Sum tool in 
ArcGIS Spatial Analyst. Each input layer was as-
signed a weight reflecting its relative importance in 
controlling erosion: Slope Raster – 30%, LS-factor 
Raster – 30%, Lithology – 40%. The higher weight 
for lithology reflects its dominant role in determin-
ing material resistance and weathering potential 
(Prasannakumar et al., 2012). 

Results and discussion

The influence of lithology on erosion in the Byuyuk-
dere river catchment is clearly visible from the spatial 
distribution of rock types. Soft lithologies, including 
tuffs, tuffites, and marls, are highly susceptible to 
weathering and denudation. The areas of underlying 
soft lithologies are characterized by densely dissect-
ed drainage networks and elevated LS-factor values. 
In contrast, more resistant rocks, such as andesites, 
latites, and limestones, exhibit lower erodibility, re-
sulting in low relief and sparse drainage networks. 
This lithological heterogeneity strongly controls ero-
sion rates, often having a greater influence than slope 
alone. Areas most susceptible to erosion due to li-
thology are concentrated in the southern and western 
parts of the watershed (Fig. 1b).

Slope susceptibility map highlights the terrain-
driven component of erosion susceptibility (Fig. 
1c). Steep slopes, predominantly located in the 
southern and eastern parts of the catchment, corre-
spond to areas with higher surface runoff potential 
and increased erosion risk. Moderate susceptibil-
ity of 5–15° slopes developed on tuffaceous and 
sandstone layers dominates the northern and central 
parts of the basin, coinciding with low LS-factor 
values and subdued topography, which reduces the 
erosive capacity of surface flows. High and very 
high susceptible areas are concentrated along steep 
ridges and valley sides, particularly in the southern 
and southwestern parts of the watershed, right val-
ley slopes of the Byuyukdere river and near the vil-
lage of Kostino. These areas, characterized by gra-
dients greater than 15°, are underlain by volcanic 
and volcaniclastic rocks that are prone to mechani-
cal weathering and runoff-induced erosion.

The LS-factor raster integrates slope steepness 
and slope length, capturing the potential for run-
off concentration and soil detachment. Areas with 
LS values greater than 20 (very high susceptibil-
ity), mainly on elongated steep slopes in the south-
ern and eastern regions, indicate active denudation 
(Fig.  1d). Moderate LS susceptibility values are 
typical for rolling terrain with mixed lithologies, 
while low LS susceptibility occurs on gentle slopes 
shaped in resistant lithologies. 

The weighted overlay of lithology, slope, and 
LS-factor produces a composite erosion suscepti-
bility map that effectively integrates geological and 
morphological controls. High to very high suscep-
tibility zones are concentrated in the southern and 
eastern regions, where weak lithologies coincide 
with steep slopes and elevated LS values (Fig. 1e). 
Moderate susceptibility is observed in the central 
basin, characterized by rolling terrain and mixed 

Table 1. Classification of erosion susceptibility levels corresponding to calculated slope, LS-factor, and lithology values

Class 
Value

Erosion Susceptibility 
Level Slope (°) LS-factor Lithology

1 Very Low < 3 0–1 Hard, resistant rocks (andesites, latites, 
limestones)

2 Low 3–5 1–5 Moderately resistant lithologies 
(breccia–conglomerates)

3 Moderate 5–15 5–10 Mixed lithologies; tuffaceous rocks of 
intermediate strength

4 High 15–30 10–20 Weak lithologies, marls, or weathered 
volcanic–sedimentary units

5 Very High > 30 > 20 Soft, easily erodible lithologies (tuffs, tuffites, 
unconsolidated sediments)
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lithologies, while low to very low susceptibility 
dominates the northern areas with resistant rock 
types and gentle slopes. Approximately one-third 
of the catchment exhibits high to very high erosion 
susceptibility, highlighting areas requiring targeted 
land management interventions.

The analysis emphasizes the dominant control-
ling role of lithology in determining erosion pat-
terns in the Byuyukdere catchment. While slope and 
LS-factor modulate local erosion intensity, weak 
lithological units largely govern the spatial extent 
and rate of denudation. The integration of geologi-
cal and morphometric indicators through weighted 
overlay analysis provides a robust approach for 
identifying areas most vulnerable to erosion and 
landscape instability, consistent with previous stud-
ies on GIS-based erosion susceptibility mapping 
(Prasannakumar et al., 2012; Nikolova et al., 2022b; 
Lalrindika et al., 2024; Ziadi et al., 2025).

Conclusions

Integrating lithological and morphometric data 
within a GIS environment proves to be an effective 
approach for mapping erosion susceptibility. The 
analysis of the Byuyukdere river catchment indi-
cates that steep slopes (>15°) developed on soft vol-
cano-sedimentary rocks correspond to the highest 
erosion potential, highlighting the strong influence 
of rock strength on surface stability. Furthermore, 
the LS-factor serves as a reliable terrain indicator 
for identifying areas with elevated erosion risk, 
while lithology remains the main control on the spa-
tial distribution of erosion and the development of 
drainage networks. The results of the current study 
emphasize the importance of integrated analyses of 
geological and morphometric parameters for assess-
ing erosion processes in small mountainous basins 
and can support future land management and con-
servation planning in similar terrains.
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