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Abstract. Morphometric features of the topographic surface are one of the main prerequisites (conditioning factors) 
for the occurrence of erosion and debris flows. The following morphometric parameters of the river Byuyukdere wa-
tershed were calculated in the current study: basin area, basin relief, basin length, relief ratio, Melton’s index, slope 
and stream power index. The analysis shows higher susceptibility to erosion and debris flows of the 1st and 2nd order 
basins (Strahler’s method). The elevated values of the stream power index indicate an intensive erosion in the lower 
part of the river Byuyukdere watershed, which is related to the volcanogenic-sedimentary rocks and the faulted nature 
of the river valley. The morphometric analysis was performed in ArcGIS Pro on the base of a 12.5 m resolution digital 
elevation model.
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Introduction
Morphometric parameters of the relief can be con-
sidered as a result of the interaction between lithol-
ogy, tectonics, and climate-driven processes. On the 
other hand, the development of the processes related 
to mass wasting is strongly influenced by the slope 
and the complexity of the relief. Erosion can be ob-
served even at small slope gradients in the presence 
of water, loose materials and lack of vegetation, 
while high slope gradients facilitate denudation, en-
trainment of weathered materials and initiation of 
debris flows. In this regard, the morphometric pa-
rameters can be considered as indicators for the oc-
currence and behavior of erosion and debris flows. 
The relationship between morphometric parameters 
of the watersheds and geomorphological processes 
is the subject of many publications (Schumm, 1956; 
Strahler, 1957; Wilford, 2004; Perucca, Angilieri, 
2011; Nikolova et al., 2021, etc.). Having regard the 

significance of the morphometric parameters, the 
current study aims to analyse the morphometric fea-
tures of the river Byuyukdere watershed. The area 
of interest was chosen because of frequent occur-
rence of debris flows and the presence of large areas 
with slope wash and gully erosion. 

Data and methods

The current study is based on a digital elevation 
model (DEM) with a horizontal resolution of 12.5 m,  
ALOS PALSAR (2009). For the aim of the re-
search, 18 watersheds (basins) in the extent of the 
river Byu yukdere catchment were determined and 
analysed (Fig. 1a) in ArcGIS Pro environment 
(ESRI, 2021). The river network and watersheds 
were delineated using Hydrology tools. The stream 
order and respectively the order of the watersheds 
were determined by Strahler’s method (Strahler, 
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1957). Morphometric parameters were calculated 
by application of a surface analysis tool (Slope) 
and Map Algebra. The following parameters were 
considered: basin area, basin relief, basin length, re-
lief ratio (Schumm, 1956), Melton’s index (Melton, 
1958), slope, and stream power index (Chen, Yu, 
2011). Basin relief was calculated as a difference 
between the altitude of the highest point in the basin 
and the altitude of the river mouth. The relief ratio 

is the ratio between basin relief and the length of 
the longest flow in the basin (basin length). Mel-
ton’s index was calculated by dividing basin relief 
by the square root of the basin area. The higher the 
Melton’s index values, the higher the susceptibility 
to erosion and debris flows.

The slope raster was classified in the following 
classes: <3; 3–5; 5–15; 15–30; 30–45 and >45. The 
areas in the range of 0–3° are defined as horizontal, 

Fig. 1. The watershed of the river Byuykdere – geology and morphometry: (a) studied basins (the numbers of the basins correspond 
to those in Table 1); (b) geological scheme (after Boyanov et al., 1990) – Formation of the 2nd acid volcanism: 1, packet of rhyolite 
and rhyodacite tuffs, 2, packet of acid and intermediate tuffs, tuffites, tuff-sandstones, tuffaceous limestones; Formation of the 1st 
acid volcanism: 3, packet of acid tuffs; Formation of the 1st intermediate volcanism: 4, latites, shoshonites, andesites, 5, andesites, 
6, intermediate tuffs, tuffites, sandstones, organogenic limestones, flows of latites and andesites; 7, breccia-conglomerate forma-
tion; 8, fault; (c) slope gradients; (d) stream power index
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where erosion is not developing. Slopes in the range 
higher than 30° determine the areas with the higher 
energy of movement of earth masses and more in-
tensive erosion. Higher slope gradients indicate are-
as higher susceptible to debris flows. Stream power 
index (SPI) was calculated by the normal logarithm 
of the product of the upslope contributing area and 
tangent of the slope gradient. The contributing area 
is determined on the basis of flow accumulation ras-
ter created on DTM in the GIS environment. The 
higher the SPI, the higher the susceptibility to ero-
sion. Based on DTM, the calculated morphometric 
parameters are closely related to the resolution of 
the models.

Study area

The study area is located in the Eastern Rhodopes 
(southern part of Bulgaria) (Fig. 1a). This is a 
small watershed with an area of about 27 km2. The 
river Byuyukdere passes through low-mountain-
ous and hilly areas and flows into the Kardzhali 
Dam. Regarding the petrographic composition, 
volcanogenic sediments and sandstones are pre-
dominant, which are highly weathered and suscep-
tible to erosion. The geological characteristics of 
the area suppose the possibility of mass movement 
processes. Part of the river valley is controlled by 
faults and the entire study area is composed of soft 
thin-bedded Paleogene volcano-sedimentary rocks 
shown on Fig. 1b.

Results and discussion
The calculated morphometric parameters are pre-
sented in Table 1. 

The values of morphometric indicators show 
that basins of 1st and 2nd order are more susceptible 
to debris flows than the higher-order basins. Debris 
flows are more likely to occur in the basins of the left 
tributaries of the river Byuyukdere, located mainly 
in the middle part of the Byuyukdere catchment. 
Rare vegetation, breccia-conglomerates and faulted 
slopes facilitate the entrainment of weathered rocks 
in the gullies and propagation of debris flow in case 
of intensive rainfalls. This spatial distribution of 
debris flows and erosion is observed during field 
studies in the areas of the villages of Golyama Bara 
(debris flows) and Kostino (slope wash and gully 
erosion), and also considered in other publications 
(Nikolova et al., 2021; Rizova, Nikolova, 2021). 
Basins with Melton’s index between 0.25 and 0.30 
can be determined as susceptible to erosion and 
floods. According to Perucca and Angilieri (2011), 
Melton’s ruggedness number <0.3 indicates that the 
basin is more susceptible to flows with low mass 
content. Although the variety in the interpretation 
of Melton’s index, most of the publications consider 
a value > 0.3 as an indicator for basins susceptible 
to debris flows (Jackson et al., 1987). Wilford et al. 
(2004) have determined a higher value of Melton’s 
index 0.66 as an indicator for debris flows.

The analysis of the slope distribution shows that 
areas with slopes in the range of 15−30° predom-

Table 1. Morphometric parameters

Basin
(order-number)

Basin area 
(km2)

Basin relief 
(km)

Basin length 
(km)

Relief ratio 
(km) Melton index

I-1 0.260 0.133 1.193 0.111 0.261
I-2 0.574 0.263 1.515 0.174 0.347
I-3 0.226 0.235 1.092 0.215 0.494
I-4 0.331 0.232 1.387 0.167 0.403
I-5 0.215 0.235 1.167 0.201 0.507
I-6 0.648 0.191 1.697 0.113 0.237
I-7 0.015 0.136 0.343 0.396 1.117
II-1 0.524 0.263 1.249 0.211 0.363
II-2 0.844 0.278 1.914 0.145 0.303
II-3 0.641 0.329 1.733 0.190 0.411
II-4 1.436 0.372 2.491 0.149 0.310
II-5 0.995 0.381 2.399 0.159 0.382
II-6 1.165 0.336 2.297 0.146 0.311
II-7 1.250 0.288 2.123 0.136 0.258
III-1 2.090 0.266 2.439 0.109 0.184
III-2 1.248 0.222 1.764 0.126 0.199
III-3 1.494 0.320 2.296 0.139 0.262
IV 6.057 0.455 5.039 0.090 0.185

Вold text indicates catchments with higher susceptibility to debris flows as determined by Melton index values; 
the basin order-number corresponds to this given on Fig. 1.
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inate, and those with slopes between 5° and 15° 
take second place by area (Fig. 1c). The highest 
gradients are observed in the lower part of the river 
Byuyuk dere catchment and in many places, they 
are caused by faults. Gully erosion is observed on 
gently sloping areas, while gully-induced debris 
flows can be seen mainly in areas steeper than 
30° but also are formed on slopes between 15° 
and 30°. Similar results about the slope threshold 
value are presented by Takahashi (1981) and Zhou 
et al. (2015). High values of the SPI show higher 
susceptibility to rill and gully erosion, which is a 
precondition for debris flows (Fig. 1d). The large 
number of streams of 1st order and high values of 
SPI in the lower part of the studied watershed indi-
cate active slope processes.

Conclusion
The analysis of the morphometric parameters of the 
river Byuyukdere watershed shows that the area is 
highly susceptible to erosion and debris flows. Mel-
ton’s index is higher than 0.30 in most of the stud-
ied basins of 1st and 2nd order in the extent of the 
catchment. Slope gradients >15° are prerequisites 
for debris flows, while rill and gully erosion are ob-
served in less sloping areas too. The current study 
can be considered as an initial stage of assessment 
of geological-geomorphological hazards in the river 
Byuyukdere watershed. Based on the application 
of geoinformation technologies, the results of the 
study are closely related to the data resolution and 
further research is needed for clarifying the impact 
of DTMs resolution and determining the optimal 
resolution in the studying of the hydrogeomorphic 
processes.
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