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ASSESSMENT OF DEBRIS FLOWS-PRONE WATERSHEDS IN SOUTHERN SLOPES OF
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ABSTRACT. The southern slopes of Stara Planina Mountain are one of the well-defined areas in Bulgaria in terms of debris flows hazard. For the present study, we
choose five watersheds located north and northwest of the village of Anton (Zlatitsa region) to make a preliminary hazard assessment for debris flows. Used methods
include field observations, GIS and morphometric analysis of the relief, raster analysis and modeling of certain parameters. We determine and characterize the
source, transition and deposition zones, and areas prone to erosion in river channels, thus giving an idea where in the studied watersheds could be formed areas with
an accumulation of material with the potential to be mobilized and involved in debris flows during extreme meteorological events. To the obtained data we take into
account the influence of lithology and tectonic conditions in the area, which affect the distribution of material on the slopes. Obtained results could be used for regional
hazard estimations and mapping, and assess if the used approach is applicable for other areas in the country.
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OLIEHKA HA BOJOCBEOPU C MPOABA HA KANTHO-KAMEHHW MOTOLM B FOXXHUTE CKINOHOBE HA CTAPA MNAHUHA,
YPE3 KOMBUHUPAH PACTEPEH U MOP®OMETPUYEH AHANU3

3opHuya Joueesa, SIHKo Nepdxukos

Codputicku yHugepcumem ,Cs. Knumersm Oxpudcku®, 1504 Cocpusi

PE3IOME. [OxHuTe ckroHoBe Ha CTapa NflaHMHa ce oYepTaBaT Kato €Ha oT ,q06pe n3paseHuTe obnacTv B Bbnrapust no oTHOLLEHWE Ha ONAacHOCTTa OT KarHo-
KaMEeHHU noToLK. 3a HacCToALEeTO u3cneaBaHe M36anMe ner Bonoc6opa, pasnonoXeHn CEBEPHO 1 CEBEPOU3TONHO OT C.AHTOH (3]'IaTMLIJKO) 3a fia Obge HanpaseHa
npefBapuTenHa oLeHka Ha ONacHOCTTa OT Bb3HWUKBAHE Ha KarHO-kaMeHHU noTouy. /3nonssaHnTe METOAM BKNIOYBAT TEPEHHN Habntogerms, MC n MOpOMeTPUYEH
aHanus Ha peneda, pacTepeH aHanus v MoAenupaHe Ha onpeaeneHn napameTpu. Onpep,eneHM W XapaktepusnpaHu 6sxa 30HUTE Ha noaxpaHeaHe, TpaHcnopT u
oTnaraHe, KakTo 1 pailoH1Te, CKIOHHW KbM epO3ust B PEYHUTE KaHamnm, KouTo 6uxa H1 ganu npefcrasa Kbae B U3CneaBaHuTe BOE,OC60pM morar fa ce opmupat
30HW C HaTpynBaHe Ha maTtepuan C Bb3MOXHOCT fa 6bae MOGMJ’IMG}MpaH 1 BbBIEYEH B KanHO-KaMEHHU MOTOLM MpU EKCTPEMHU METEOPONoXKK sBneHns. Kbem
nony4yeHnTe AaHHK oT4uTame U BNUAHMETO Ha NUTONOrUATa U TEKTOHCKaTa obcTaHoBKa B paWnoHa, KOUTO OKa3BaT BMUSHWE NpU pasnpeeneHneTo Ha matepuan no
CKNoHoBeTe. I'IonyquMTe pesyntaTu 6uxa mornu fa 6bAaT u3non3saHm Npun pervoHasnHa oueHka Ha onacHOCTTa OT KanHO-KaMeHHW NOTOLUM U TAXHOTO KapTupaHe, a
CbLUO 1 Aa Ce npeLeHn Aann U3non3saHnAT Noaxoa € Npunoxum 3a apyru obnacTv Ha CTpaHaTa.

Knto4oBu aymu: npupoaHa onacHoCT, kanHo-kaMmeHHU notouy, eposus, MMC, mopdomeTtpus

Introduction regional occurrence in Bulgaria. Most of the studies are based
on geomorphological analysis for the assessment of

Debris flows are often seen event in mountain areas and catchments suspected for debris flows. Few well-described
cause significant damage to infrastructure, property, and examples for debris-flow activity are from Stara Planina
citizens because of the high mobility and energy, which also ~ Mountain (Gerdjikov et al., 2012; Kenderova, Baltakova, 2013;
have an impact and cause changes in river channels and slope ~~ Dotseva et al., 2014; 2019a), Pirin and Rila Mountains
morphology. Debris flows are described as “turbulent flowing (Baltakova et al., 2018; Dotseva et al., 2019b), Kresna Gorge
mixtures of sediment and liquid in nearly equal proportions’  and Struma River valley (Dobrev, Georgieva, 2010; Kenderova

(Iverson, 1997), quickly formed and fast-moving mass that ~ etal., 2013a,b; 2014; Nikolova et al., 2018), etc. Some of these
flows on slopes with high angles (Hungr, 2005). The  areas were mapped by lliev (1994) in Map of Geological

assessment of debris flows hazard is important in mountain ~ Hazard in Bulgaria and noted in works of Kamenov, lliev
areas worldwide because of their high-damage possibilities. ~ (1963) and lliev, Bruchev (1994).
Debris flows are triggered by factors like erosion, geological The determination of the source, transition, and deposition
characteristics, slope, climate conditions and their intensive zones is one of the main steps for hazard assessment of
activity in recent years could be explained in some cases with ~ Watersheds prone to debris flows. For this purpose are used
climate changes (Chen, 2016; Uzielli et al., 2018; Nikolova et different methods like analysis of remote sensing data, spatial
al., 2018; etc.). GIS analysis, dynamic and physical-based models, efc. In the
In Bulgaria, debris flows are still not so well-studied as present study, we characterise the main zones related to
impact and distribution, but instead of these last few years, debris flow hazard in five watersheds from the southern slopes
different research groups work on hazard evaluation of their ~ ©Of Stara Planina Mountain, near Anton Village. The research
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area is chosen generally because of field observations and
data about torrential events in the past (Mishev et al., 1962;
Kerenski et al., 1977), confirmed also by recent field and
tectonic-geomorphological data (Gerdjikov et al., 2012;
Glabadanidu et al., 2012).

Debris flow potential of the watersheds will be assessed by
analysis and evaluation of geometrical and slope conditions in
the watersheds and morphometric parameters, sensitive to
flow type and erodible potential — Form Factor, Elevation Relief
Ratio, Drainage Density, and Melton Ruggedness Number.
Also, we apply simple GIS procedures as raster analysis and
binary masks as proposed by Grelle et al. (2019), which were
used for identification of areas in channels that are erosion-
prone and could act like debris flows source areas. This type of
approach has some limits - it does not consider specific debris
flow factors like rainfall rates, flow velocity, energy, rheological
characteristics, volume and thickness of sediment material in
the channels, etc. Instead of this, it is a very useful step for
hazard pre-assessment and easy for application in contrast
with more complex physical-based models for debris flow
development and evolution.

Along with GIS analysis field work was carried out for
evaluation of the influence of lithology and tectonic conditions
in the area, which affect the distribution of material on the
slopes and its involvement in the flows.

Geological and Geomorphological Setting

The study area is located to the north and northeast of the
village of Anton, on the southemn slope of Stara Planina
Mountain, where the topography is characterized by steep
slopes and deeply incised river channels (Fig. 1).
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Fig. 1. a,b- Location of the studied area; c- Hillshaded DEM with
delineated watersheds and associated fans

The area above 1500-1600 m is covered by grass and
shrub vegetation, exposed to intensive erosion and
weathering, and with a high chance to form slope-induced
processes. Lower parts of the watersheds were occupied by
forests. The climate is characterized by mean annual
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temperatures of 9.3°C and mean precipitation ratio of 615
mm/y (up to 700 mm/y in upper parts of the Mountain).
Extremely high rates of precipitation and snowmelt in the
spring often leads to water drain over steep slopes, thus
forming floods.

Rock types play a key role in the formation and
accumulation of sediment cover which could be eroded and
involved in debris flows. The geology of the area is
represented by granodiorites of Vezhen Pluton, metasediments
of a low-grade metamorphic complex with lenses of
metabasitic rocks, and gneisses of the high-grade
metamorphic complex (Antonov et al., 2010) (Fig. 2). All rocks
are with Paleozoic age. Zlatitsa basin fill is represented by
Quaternary alluvial, colluvial, and deluvial sediments, which
formed coalescing fans at the slope base. Quaternary loose
accumulations were distributed like screes on slopes in upper
parts of the watersheds, in riverbanks, and on riverbeds, but
due to their small size, they are not shown on the map.
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Fig. 2. Geological map of the studied area (modified after
Antonov et al., 2010)

According to the classification proposed by Attewell and
Farmer (1976) for rock hardness, rocks in watersheds fall into
a range of very high strength (> 60 Mpa) for granodiorites and
gneisses to medium to weak (< 5 to 5 — 30 Mpa) for low-grade
metamorphic rocks (phyllites) in middle and lower parts of the
watersheds.

One of the main tectonic features in the study area is the
Quaternary normal fault zone traced along the southern slopes
of the Stara Planina Mountain. Gerdjikov et al. (2017)
described it as a “long-living tectonic zone with reactivation of
older Alpine compressional structures”. The zone.has well-
pronounced geomorphological expression, strong impact on
watersheds shape, size, channel length, incision, erosion and
deposition (Gerdijikov et al., 2012; Glabadanidu et al., 2012).

Another tectonic zone that influences the area is the shear
zone Sturgel-Bolouvanya which is the boundary between high-
and low-grade metamorphic rocks (Gerdjikov et al., 2007). The
zone is with Variscan age, at which the lower parts of the
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earth's crust (high-grade metamorphic rocks) are exhumed. As
a result of the Variscan orogeny, in both complexes was
formed a foliation parallel to the zone and dipping to the SW
with an angle of 30-50°. Polyphase Variscan and Alpine
tectonics having a strong effect on the rock strength, so in the
vicinities of the fault zones, the rocks are often rather weak.

Materials and Methods

For the analysis purposes, EU-DEM v.1.1. (25 m) was
interpolated by the bilinear interpolation method to grid
resolution of 10 m. According to previous studies 10 m cell size
is an appropriate resolution for the determination of slope
gradient and debris flow areas (Tarolli and Tarboton, 2006;
Carrara et al. 2008; etc.). Generated DEM was hydrologically
adjusted, and the extracted river network was further
corrected. Based on the topographic map of the scale of 1:50
000, remote sensing data, and DEM watershed areas,
adjacent fans and watersheds closing sections were mapped.
The pre-processed DEM was used for the extraction of Slope
and Curvature maps, basin geometry, and morphometric
parameters.

Morphometric analysis is based on calculations of four
indices — Form Factor, Elevation Relief Ratio, Drainage
Density, and Melton Ruggedness Number (MRN). Form Factor
(HSF) (Horton, 1932) represents the shape of the watershed
and influences the run-off distance, time, and peak discharge,
where the higher the value of Form Factor more circular is the
shape. Elevation Relief Ratio (ERR) (Pike et al., 1971) is
related to the erosional evolution of the watershed and
indicates the stages of youth, mature or old. Low values of the
Elevation Relief Ratio indicate hard rocks and a small degree
of the slope. Melton Ruggedness Number (Melton, 1965) is a
slope index used for recognition of a type of the sediment
transport — waterflood/bedload, mixed/debris flood, or debris
flow and represents the relief ruggedness within the
watersheds. Drainage Density (DD - 1 km/km2) (Horton, 1932)
reflect the erosion activity and the permeability of the soils and
rocks in watersheds.

For the definition of the erosion-prone areas in the main
channels was used the spatial distribution of three parameters
- Slope Ratio (SR) and Area of the watershed in square
kilometers (A), obtained by DEM, and Trigger Ratio (TR)
calculated in the Raster Calculator as a ratio between SR and
ST (Slope Threshold) (Grelle et al., 2019). ST is equal to:

ST=kA 1

where A is the watershed area in km2 and coefficient k -
express the erosion proneness, related to soil properties, water
saturation, vegetation, etc.

Different values of k and ST respectively were used to
model the possible trigger conditions in the watersheds. For a
visual representation of TR and delineation of erodible zones in
river channels were used binary mask values (1 = yes; 0 = no).

Field data and observations were used for confirmation of
the obtained results, characterization of source, transitional
and depositional zones, and geological conditions in
watersheds.
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Results

DEM analysis, field observations and historical data

The average altitude in studied watersheds is from 1450 to
1570 m. The slope angle is one of the main triggering factors
for debris flows and range between 21.10 and 24.96 degrees.
These values correspond to the initiation slope ratio for debris
flows (Hungr, 2005) (Fig. 3). The slope exceeds 40 degrees in
some places in the upper parts of the watersheds.

The source areas are located at an altitude above 1600 m,
in the wupstream area of watersheds. The channels
characterized by V-shape and steep slopes with sparse
vegetation on both sides, and also seasonally covered by snow
(which leads to frost weathering). Gully and rill erosion is
observed at the channels heads. Intense erosional processes
form screes and loose material accumulations consisted of
eroded Vezhen Pluton granitoid. The area is thus a potential
source of initiation of debris flows in conditions of appropriate
hydrodynamic conditions and inducing material in debris flows
down to the slope.

Curvature (m) &

———
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o
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Fig. 3. a- Slope computed as a gradient of the DEM surface; b-
Curvature, computed as a gradient of the slope surface

The transition zones are located in altitude between 1600
and 950 m in the middle and downstream reaches of
watersheds and represents the main transport part of the
channels. The slopes are steep and the movement of the
formed flow can acquire high speed. Field observations show
that both sides of the channels are vegetated with forests but
there are unstable areas that could generate loose material.
The almost entire transition zone in Watersheds 4 E and 5_E
was occupied by weak and easy erodible low-grade
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metamorphic rocks, likely to produce sediment material that
could be included in the flows. The main processes in this zone
are downward erosion and incising of the river valleys.
Torrential depositions in the study area are represented by
very poorly to poorly sorted material, with a pebble to boulder
size of the angular to sub-rounded clasts. There are indications
for modern accumulations but with small intensity and inability
to form large fans. Depositions form lateral levees and on
areas with low-slope gradient in river valleys, near the
confluence of river tributaries and on the margins of the active
river channels (Fig. 4). The presence of well-preserved
depositions related to debris flow activity observed on the river
banks in Fans 4 and 5 (Fig. 4 d) could confirmed the
occurrence of at least one event in the last 100 years. This
could be verified by historical data found in Kerenski et al.
(1977) which speak for high-intensity torrent events in
watersheds near Anton village in 1927, leading to widespread
sediment depositions covering the area with size more than
20000 m2. According to Mishev et al. (1962) which

characterized in detail the fans in Zlatitsa graben, torrential
depositions are typical for the area east of Anton Village as a
result of torrential events at the end of XIX Century and
beginning of XX Century.

Fig. 4. a,b,c - Debris flow deposits and morphology of the active
channel in lower parts of Watershed 3_C (a - 42.74726 N,
24.28382 E; b- 42.74756 N, 24.28412 E; c - 42.75018 N, 24.28660
E); d - Debris flow deposits accumulated on eastern river bank
of Fan 4 (42.73907 N, 24.29021 E). The deposits have been
cleared, but they can still be distinguished on field

Morphometric and raster analysis

Studied watersheds have typical area size and shape for
debris flow prone watersheds. They occupy area from 1.52 to
3.76 km2 and elongated shape according to Form Factor
values between 0.14 and 0.37.

The values of the Drainage Density index are between
1.57 and 2.12 km/km2, indicating moderate permeability and
moderate soil erosion.

Elevation Relief Ratio ranging from 0.37 to 0.46 and shows
that watersheds are subject of medium to high erosion
processes, which collaborates well with features as steep
slopes, but also with the presence of erodible metamorphic
rocks in lower parts of the watersheds. The relief can be
classified as youthful. The results for Melton Ruggedness
Number (0.54 - 0.73), Elevation Relief Ratio and watersheds
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geometry indicate active and intensive erosional processes
and high susceptibility to debris flows.

For identification of potential erosion areas in the main
channels were used different values of coefficient k and Slope
Threshold (ST). They control the TR which, in turn, affects the
distribution of erosion. After the applied sensitive analysis for
coefficient k and ST, and according to field observations,
values of k between 0.26 and 0.30 were considered as
appropriate for modeling the erosion probability (Fig. 5). The
spatial distribution of triggering values (TR) is a result of binary
masks obtained by TR = 1 (1 (yes) to cells with slope angles
greater than or equal to the slope threshold ST and 0 (no) to
cells that have an ST less than one - Grelle et al., 2019).

Results delineate zones in channels from the watersheds
upstream area and transition zone that are prone to erosion
and able to produce sediment bedload involved in the flows.

Fig. 5. Erosion-prone areas in river channels, modeled with
coefficient k = 0.30 (red lines)

Specific features of Watershed 3_C

Watershed 3_C have more specific characteristics than the
other four studied watersheds. Typical are low slope angles in
downward parts of the watershed where we observe a large
volume of eroded material, and gully erosion at the same time
(Fig. 4 a, b, c). Also, Form Factor (0.37) shows that this
watershed has a more circular shape and occupies a bigger
area in contrast with the other four watersheds.

The main clast source and respectively accumulated
material in the almost entire watershed is represented by the
granite rocks of Vezhen Pluton. Erosion and denudation in the
source zone are effective enough to disintegrate rocks, which
are transported in gullies and rills or form unconsolidated
colluvial cover on the steep slopes. This scenario also applies
in source zones to the other watersheds but here is well field
observed (drone footage and remote sensing data).

Erosive proneness in this watershed is supported by
results from the morphometric analysis of ERR (0.46) and DD
(2.12 km/km2). The widest erosion could be connected to the
weak rocks from the low-grade metamorphic complex and
tectonic features in addition to geomorphological conditions of
the watershed.

In lower parts of this watershed were formed areas with a
low slope angle that could prevent debris flows to reach the
alluvial fan. These areas, covered by alluvial and colluvial-
alluvial sediments could also act as temporal accumulation
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zones. In some places active channels or parallel to them
gulleys cut deep into the sediments, fulfilled with the
accumulated material. One of this places could be seen on the
modeled erosion-prone areas in channels where the main river
makes a turn (Fig. 5).

The value of MRN (0.54) corresponds to low ruggedness
areas located on the valley floor and according to an obtained
result, the watershed falls in the category of mixed/debris flood,
but close to values for debris flows ( > 0.60) (Wilford et al.,
2004). In this watershed are more likely to occur debris flow
events accompanied by debris flood phases downstream were
the channels slope is more gentle.

Conclusions

It is well-known that the southern slopes of Stara Planina
Mountain are one of the debris-prone areas in Bulgaria as a
result of specific geomorphological, geological, and climate
conditions, sparse vegetation, etc. Depositions from past
debris flow events were observed in most of the fans located in
the Mountain Range slope base where the Quaternary normal
fault zone has a major impact on the watersheds evolution,
debris flow activity, and sedimentation. Field and historical
data, as well as certain characteristics of the area, made us
investigate in detail five watersheds which can be defined as
debris-prone in the area of Anton Village.

The estimation of zones prone to erosion in main channels
as one of the key parameters to consider when analyzing the
dynamic process of debris flows was performed by the simple
GIS-based proposed by Grelle et al. (2019) approach.
Delineated erosion zones that could be a source for debris
flows in the channels are located not only in the upstream area
of the watersheds but also in their lower parts.

The results of morphometric analysis predict debris flow
activity for five studied watersheds with possible debris flood
transition downstream in Watershed 3_C, medium to high
erosion activity, and youthful stage of watersheds evolution.
From characteristics of the source and transition zones, as well
as the geological specifications and recent debris deposits
over the fans and river banks, studied watersheds could be
described as susceptible to debris flow initiation and
transportation.

The obtained data could be used for regional hazard pre-
assessment and susceptibility mapping. Further analysis of
volume and grain-size distribution of the recent sediments
need to be carried out for evaluation of deposition zones and
their possible extent as well as a more detailed analysis of
Watershed 3_C which have slightly unusual characteristics in
contrast with other four watersheds. Obtained results could be
supported by analysis of hydrological and meteorological
conditions, faults influence over the erosional processes as
well as evaluation of physical properties of the flows for
completed debris flow hazard and risk assessment of the area.

Acknowledgements. This work is funded by the National Program
"Young Scientists and Postdoctoral candidates 2020" of the Ministry
of Education and Science.

306

References

Antonov, M., S. Gerdzhikov, L. Metodiev, Ch. Kiselinov, V.
Sirakov, V. Valev. 2010. Geological Map of the Republic of
Bulgaria in Scale 1:50 000. Map Sheet K-35-37-G (Klisura).
Sofia, Geocomplex

Attewell, P.B. and L.W. Farmer. 1976. Principles of engineering
geology. John Wiley & Sons Inc., New York, 182 -184 pp

Baltakova, A., V. Nikolova, R.Kenderova, N.Hristova. 2018.
Analysis of debris flows by application of GIS and remote
sensing: case study of western foothills of Pirin Mountain
(Bulgaria). — In: Debris Flows: Disasters, Risk, Forecast,
Protection. Proceedings of the 5t International Conference.
Thilisi, Georgia, 2018. Publishing House “Universal”, 22-32
(in English with Russian abstract)

Carrara, A., and R. Pike. 2008. GIS technology and models for
assessing landslide hazard and risk:  Editorial.
Geomorphology, 94, 257-260

Chen, C.Y. 2016. Landslide and debris flow initiated
characteristics  after typhoon Morakot in Taiwan.
Landslides., 13, 153-164.

Dobrev, N., M. Georgieva. 2010. The debris flow in the
northern part of Kresna Gorge: Characterization of the
source zone and material properties. Review of the
Bulgarian Geological Society, 71 (1-3), 113-121 (in
Bulgarian with English abstract)

Dotseva, Z., |. Gerdjikov, D. Vangelov. 2014. Case study of
debris flows triggered by heavy rainfall — Etropole area,
2014. Proceedings of National Conference “Geosciences
2014’, Sofia, 2014, 85-86.

Dotseva, Z., I. Gerdjikov, N. Dobrev, D. Vangelov. 2019a.
Recognizing debris flow hazard in heavily forested
watersheds: an example from Etropole area, Central
Bulgaria. — Annual of the University of Mining and Geology
“St.lvan Rilski”. 62 , Part 1, 42-47

Dotseva, Z., D. Vangelov, I.Gerdjikov, I. 2019b. Modern debris
flow activity in southern slopes of Rila Mountains, with an
example from the area of Cherna Mesta village. Review of
the Bulgarian Geological Society, 80 (3), 227-229

Gerdijikov, 1., N. Georgiev, D. Dimov, A. Lazarova. 2007. The
different faces of supposedly single thrust; a reevaluation of
the Vezhen thrust, Central Balkanides. Proceedings of the
Bulgarian Geological Society, 24-26

Gerdjikov, |., D. Vangelov, |. Glabadanidu. 2012. One
underestimated geological hazard: the debris flows. Review
of the Bulgarian Geological Society, 73 (1-3), 85-104 (in
Bulgarian with English abstract)

Gerdjikov, 1., Z. Dotseva, D. Vangelov. 2018. Extensional
reactivation of a former compressional fault zone: an
example from the eastern Zlatitsa graben. Journal of Mining
and Geological sciences, 60, 1, 122-127

Glabadanidu, I., |. Gerdzhikov, D. Vangelov, 2012. Structural
and tectonic geomorphological studies in Zlatitsa graben,
Central Bulgaria. Proceedings of National Conference
“Geosciences 2012”, Sofia, 2012, 107-108.

Grelle, G., A. Rossi, P. Revellino, L. Guerriero, F.M.
Guadagno, G. Sappa. 2019. Assessment of Debris-Flow
Erosion and Deposition Areas by Morphometric Analysis
and a GIS-Based Simplified Procedure: A Case Study of
Paupisi in the Southern Apennines. —Sustainability, 11,
2382



Journal of Mining and Geological Sciences, Volume 63, 2020

Kerenski, S., S.Dimitrov, M. Milchev. 1977. Borba s eroziyata v
gorskia fond na Bulgaria. Zemizdat. Sofia, 161 p. (in
Bulgarian)

lliev-Broutchev, 1., ed. 1994. Geological hazards in Bulgaria —
map in scale 1:500 000 and explanatory text.. House of
BAS, Sofia, 143 p. (in Bulgarian with English abstract)

Iverson RM. 1997. The physics of debris flows.Reviews of
Geophysics, 35, 3, 245-296

Horton, R.E. 1932. Drainage-basin characteristics. Trans. Am.
Geophys. Union. 13, 350-361.

Hungr, O. 2005. Classification and terminology. — In:
Debris-flow Hazards and Related Phenomena (Ed:
Jakob, M., O. Hungr). Chichester, Springer, 739 p.

Kamenov, B., |. lliev. 1963. Engineering geological subdivision
of the Republic of Bulgaria. — In: Works on the Geology of
Bulgaria, Ser. Engineer. Geology and Hydrogeology, 2, 5-
123 (in Bulgarian with Russian and English abstracts).

Kenderova, R., A. Baltakova. 2013. Debris flows in Kazanlak
Valley, south slopes of the Balkan Mountain Range,
Bulgaria. Journal of the Geographical Institute Jovan Cvijic
SASA, 63, 3, 361-370

Kenderova R., G. Ratchev, A. Baltakova. 2013a. Forming and
activity of debris flow in Middle Struma Valley [3-5
December 2010]. — Annual of Sofia University, Book 2 -
Geography, 105, 15-32 (in Bulgarian with English and
Russian abstract).

Kenderova R., A. Baltakova, G. Ratchev. 2013b. Debris flows
in the Middle Struma Valley, Southwest Bulgaria. — In:
Geomorphological impact of extreme weather: Case studies
from central and eastern Europe (Ed: D.Loczy) Springer
Geography. 281-297

Kenderova R., G. Rachev, A. Baltakova. 2014. Debris Flow in
Middle Struma Valley. — Annual of Sofia University, Book 2
- Geography, 106, 13-40. (in Bulgarian with English
abstract)

Melton, M. 1965. The Geomorphic and Palaeoclimatic
Significance of Alluvial Deposits in Southern Arizona. —
Journal of Geology, 73, 1-38.

307

Mishev, K., V. Popov, Tz. Mihaylov. 1962. Morphologie et Neo-
Tectonique du pied de la Stara-Planina entre les seuils de
Galabec et Koznica. Reviews de Institute Geographique,
BAS, 6, 43-61 (in Bulgarian wirh French abstract)

Nikolova, N., G. Rachev, R. Kenderova. 2018. Possible impact
of climate and weather condition on debris flows
occurrence (on the example of Kresna gorge, Bulgaria). —
In: Debris Flows: Disasters, Risk, Forecast, Protection.
Proceedings of the 5" Intemational Conference. Tbilisi,
Georgia, 2018. Publishing House “Universal”, 166-175 (in
English with Russian abstract)

Panagos, P., K. Meusburger, C. Ballabio, P. Borrelli, C.
Alewell. 2014. Soil erodibility in Europe: A high-resolution
dataset based on LUCAS. Science of Total Environment,
479-480, 189-200.

Pike, R.J., S.E. Wilson. 1971. Elevation-Relief Ratio,
Hypsometric Integral and Geomorphic Area—Altitude
Analysis. Geological Society of America Bulletin, 82, 1079-
1084.

Renard, K.G, G.R. Foster, G.A. Weessies, D.K. McCool. 1997.
Predicting soil erosion by water. a guide to
conservation planning with the Revised Universal
Soil Loss Equation (RUSLE). — In: Agriculture Handbook
(Ed: Yoder D.C.), U.S. Department of Agriculture, 703.

Tarolli, P. and D.G. Tarboton. 2006. A new method for
determination of most likely landslide initiation points and
the evaluation of digital terrain model scale in terrain
stability mapping. Hydrology and Earth System Science, 10,
663-677

Uzielli, M.; Rianna, G.; Ciervo, F.; Mercogliano, P.; Eidsvig,
U.K..2018. Temporal evolution of flow-like landslide hazard
for a road infrastructure in the municipality of Nocera
Inferiore (Southern Italy) under the effect of climate change.
Natural Hazards and Earth System Science.18:3019-3035.

Wilford, D.J, M.E. Sakals, J.L.Innes, R.C.Sidle, W.A. Bergerud.
2004. Recognition of debris flow, debris flood and flood
hazard through watershed morphometrics. Landslides, 1,
61-66



	SECTION SUSTAINABLE DEVELOPMENT OF THE MINERAL RESOURCES INDUSTRY
	Dotseva, Z., I. Gerdjikov. Assessment of debris flows-prone watersheds in the southern slopes ofStara planina mountain by combined raster and morphometric analysis


