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Analysis of debris flows by application of GIS and remote
sensing: case study of western foothills of Pirin Mountain
(Bulgaria)

A. Baltakoval, V. Nikolova?, R. Kenderoval, N. Hristoval
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Debris flows occur in many areas in Bulgaria, but the studies of these cases are mainly for
their structure and insensitivity and less attention is given to the susceptibility and risk
assessment. Although the development of computer technology, geoinformation approach
in debris flows investigation in Bulgaria is still not wide applied. The current study focuses
on the geological-geomorphological features of the debris flows areas and their role in
mass movement. Morphometric characteristics of the basins and rivers/streams channels
are analyzed in relation of slope hydrologic properties and mass movement. Lithological
substrate and land cover are also considered. Normalized difference vegetation index is
used for assessment of land cover and outlining the debris flows areas. The research is held
on the foothills of Pirin Mountains (Bulgaria). In the area steep slopes, deep weathering
and many faults are highly presented, which, combined with sparsely vegetation and
intensive rainfall determine the frequent occurrence of debris flows. GIS analyses are done
on the base of SRTM digital elevation model, Sentinel 2 images (ESA), geological map in
scale 1:100 000 and field investigations. Application of GIS technology provides an
opportunity for easy performing of spatial analyses and investigating the functional and
spatial relations between different aspects of debris flow environment. The results of the
research can be used in debris flows susceptibility assessment and mapping which is a first
step in disaster risk reduction and management.

debris flows, Pirin Mountains (Bulgaria), GIS

MpumeHenne MNC u gaHHbIX AUCTAHLIMOHHOIO 30HAMPOBAHUSA ANA
aHanu3a ceneBbIX MOTOKOB Ha Npumepe usyyeHuns 3anagHbiX
npearopuu Mupuna (bonrapus)

A. Baarakosal, B. Hukososa?, P. Kengeposal, H. Xpucrosa!

YCoqpuiickuii ynusepcumem umenu cesmozo Knumenma Oxpudckozo, Cogpus, Boneapus,
abaltakova@gea.uni-sofia.bg, rosica@gea.uni-sofia.bg, hristovaneli@abv.bg
2T opro-zeonoeuveckuti ynusepcumem umenu ceamozo Ueana Puivckozo, Cogus,

Boneapus, v.nikolova@mgu.bg

Cenu CXOJAT BO MHOI'MX paﬁOHax BOJ'IFapI/II/I, OJTHAKO OoJIblIas 4acTh I/ICCJ'IS,HOBaHI/Iﬁ
MOCBAIICHA U3YUCHUIO CTPYKTYPBI CCJICBBIX MOTOKOB WM UX MHTCHCUBHOCTHU, U TOpasio
MCHBIIC BHUMAHUA YACIIACTCS aHAIU3Y CeJIeBOI OITACHOCTH U OLICHKE CCJIEBOT'O pHCKA.
KOMHLIOTepHLIC TCXHOJIOTHHU U FGOI/IH(I)OpMaIII/IOHHI)IG METOAbI B UCCIICAOBAHUHN CCIICBBIX
IIOTOKOB B BOJ'IFapI/II/I NO-NpeKHEMY HCAOCTATOYHO MIMPOKO MPUMEHIIOTCA. B JaHHOM
HCCIIEAOBAHNHN OCHOBHOC BHHMAaHUEC YACTACTCA FCOJ'IOFO'FGOMOP(i)OHOI‘I/I‘leCKI/IM
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CeneBble NOTOKM: kaTacTpodbbl, PUCK, NPOTHO3, 3aLuTa

OCOOCHHOCTSIM TEPPUTOPHMA, MOJBEPKECHHBIX CXOIy CEJeH, U MX POJM B MacCOBOM
JIBIKeHUH. [IpoaHanu3upoBaHbl MOP(HOMETPHYCCKHE XAPAKTCPUCTHUKU 0acCceiHOB H
pycen BOIOTOKOB, a TaKXKe B3aUMOCBSI3b 3TUX XAPAKTEPUCTUK C THAPOTEOJOTUUECKUMHU
OCOOCHHOCTSIMM  CKJIOHOB ¥ CKIIOHOBBIMH  TIpollecCaMH. Takke y4YUTHIBAIOTCS
JIUTOJIOTUYECKAE OCOOCHHOCTH W PACTUTEIbHBIN TOKpoB. HopManu3oBaHHBIH
PA3HOCTHBIN MHJEKC PACTUTENLHOCTH UCTIOIB3YETCS ISl OLIEHKH PAaCTUTEIHHOIO TOKPOBa
W OLICHKH IUIOIIaJeil pa3BUTHs CENEeBbIX MpoleccoB. MccrnenoBaHue MpOBOAUIOCH B
npearopesx rop I[Mupun (Bonrapus). ToT paifoH XapaKTepu3yeTcsl KPYTHIMU CKJIOHAMH,
BBICOKOW CTETICHBIO BBIBETPEIOCTH MOPOJ] M HATMYMEM OOJIBIIOrO KOJIUYECTBA PA3IOMOB,
YTO B YCJIOBHSIX Pa3peiKCHHON PACTUTEIEHOCTH M HHTCHCUBHBIX OCAJIKOB 00YCIIOBIMBACT
CXO0Jl CeNeBhIX MOTOKOB. B kauectBe ocHOBbI misi ['MIC-aHanu3a WMCHOJIb30BAIUCh
mudposast moxens peiabedpa SRTM, cuumkm co cmoytauka Sentinel 2 (ESA),
reojornueckass kapra macmrtaba 1: 100 000 u naHHBIE TOJEBBIX HCCIEIOBAHUM.
Ipumenenne texunonoruu ['MC obieryaer npoBeficHUE MPOCTPAHCTBCHHOTO aHAIN3A U
u3ydeHUs] (PYHKIMOHAIBHBIX M TPOCTPAHCTBCHHBIX OTHOIICHUN MEXKIY Pa3TUYHBIMU
XapaKTepUCTHKAMH  TEPPUTOPUN  pa3BUTHUSL  CEJEBBIX  MPOLIECCOB.  Pe3ynbTaThl
HCCIICIOBAaHKS MOT'YT OBITh HCIIOJIb30BAHbI MPH OIICHKE U KapTorpapUpOBaHUU CEICBOM
OTIACHOCTH, YTO SBJIAETCS MEPBHIM IIArOM K CHWKEHHUIO pUCKa OEICTBUIN U YIIpaBIECHUIO
M.

cenesvie nomoku, eopel Iupun (Boneapus), TUC

Introduction

The complicated nature of debris flows as a result of interaction between many factors
require analysing a great volume of data, considering many cases at different conditions and
investigating the interconnection between debris flows triggering factors. A detailed study of
the relation between climate, surface properties and geomorphology is done by Melton [1957]
who gives a special attention to the quantitative indicators and statistical methods in
investigations and consider different morphometric parameters that have important role in basin
hydrology. Development of geomorphological and hydrological researches and collecting of
guantitative information about drainage basins lead to increasing the number of publications
about basins morphometry and particularly analyzing the morphometric parameters to identify
debris flows prone areas [Jackson et al., 1987; Bovis and Jakob, 1999; Wilford et al., 2004;
Bertrand et al., 2012; Zhou et al., 2015; Jun et al., 2017 etc.].

Different indices are used considering the topographic, geological, hydrological and
climate properties of catchments. The most often used ones are slopes angle, stream slope,
catchment area, catchment relief, curvature, physical-mechanical properties of rocks, rainfalls.
Having regard, the morphometric properties of catchments, the catchment relief and relief ratio
are determined as two important impact factors on the debris flow occurrence because the
catchment with larger catchment relief and the relief ratio can afford enough energy for debris
flow initiation and transportation [Zhou et al., 2015]. Land cover and the role of vegetation in
mass movement and debris flows development is investigated by Barlow et al., 2006;
Kuriakose, S. L., 2006.

The need of processing a great volume of information in investigating the debris flows
areas, some ones of which are difficult to be detailed investigated on the field, and development
of computer technology determine wider use of geographic information systems (GIS) and
remote sensing methods. The possibility of GIS and remote sensing in debris flows
investigation is considered by [Melelli and Taramelli, 2004; Elkadiri et al., 2014; Yin et al.,
2017].

Considering the complicated nature of the debris flows, the aim of the current research
is to analyze the geological-geomorphological features of debris flows prone areas in order to
assess their susceptibility by using GIS and remote sensing technology. For assessing the debris
flows susceptibility, the following morphometric parameters are considered: basin area, basin
relief, relief ratio, basin shape and slope of the topographic surface. Vegetation and lithology
are also considered.
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Study area

The research is done in the foothills of the Pirin Mountains, located in the Southwhest
Bulgaria (Fig. 1).

[ study areas
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Fig. 1. Study area — basins and subbasins: a) subbasins of river Potoka; b) subbasins of river Melnishka

The catastrophic character of debris flows in the region was first recognized by M.
Glovnja [1958] who described debris flows from the river Blagoevgradska Bisritsa catchment
(north from the studied area). Debris flows in the Middle Struma Valley were studied regarding
their type, climatic conditions and partly their mitigation by [Kenderova and Vassilev, 1997;
2002] and [Kenderova et al., 2013a; 2013b, 2014]. In some sources the studied catchments
were characterized as torrential [Marinov, 1984; Zakov, 2001; Bruchev et al., 2001], but in
recent 20 years there are no records about debris flows occurrence.

Potoka River (18.3 km?) heads from 1300 m a.s.l. and flows into the river Struma at 220
m. It has SW direction which follows the main slope orientation of this part of the Pirin
Mountains. Almost all the catchment area is located in Neogene sandstones and conglomerates
[Zagorchev, 1990].

River Melnishka (95.6 km?) catchment is spreading from 2500 to 80 m a.s.l. and also
mouths at the river Struma. The lowest part is covered by contemporary alluvial deposits.
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Neogene sandstones and conglomerates takes the lower slopes of the mountain in the periphery
of the Sandanski Depression [Kanev 1989]. The higher catchment parts are built by gneisses,
migmatites and granites, part of the Pirin southern pluton body [Zagorchev, 1990].

Climate in this part of Pirin is mountainous with strong Mediterranean influence in the
higher parts and Mediterranean with continental influence in the lower parts [Ratchev, Nikolova
2009]. Annual precipitation values are between nearly 690 mm in the higher parts and about
530 mm in the lower parts.

Data and Methods

The current research is done by applying basin approach in analysing debris flows prone
areas. Having regard, the complex character of this hazardous phenomenon this is the most
logical approach because in the frame of river/drainage basin the interaction between all
landscape forming factors is the strongest. For the purpose of the research 2 river basins are
considered (described above, section Study area, and presented on Figure 1). The both basins
are divided of several subbasins and morphometric parameters for each one of them are
calculated.

Morphometric parameters of the drainage basins are determined on the base of 30 meters
SRTM digital elevation model (DEM) [USGS, NGA, NASA]. The first step in DEM processing
is to convert the geographic coordinate system of the initial file into the projected coordinate
system (we used UTM projection) to be able to do the next calculations. Drainage network and
watersheds are delineated in ArcGIS environment by Hydrology Spatial Analyst Tool (ESRI
Inc.). The drainage network is generated from flow accumulation raster by Map Algebra.
Having regard, the complicated mountain relief of the study areas and the characteristics of the
investigated phenomena (debris flows) which are mostly related to gully erosions, and also
aiming to include all streams (both with a permanent and temporal flow) in the model we
accepted that the threshold area to create a stream is 0.1 km?2. In 30 m DEM the number of cells
corresponding to 0.1 km2 area is 111 and in this case the stream raster is generated from flow
accumulation raster where all cells with a value greater than 111 received a value 1 and present
streams, and all other were set to null.

Morphometric parameters, vegetation features and rocks properties used for
characterizing the basins are described in Table 1.

Field investigations and data about geological and geomorphological properties of the
study area are a basis of the current research. Geological map in a scale 1: 100 000 [Zagorchev,
1990] is used for presenting the role of lithology as a debris flow triggering factor. For this
purpose, rocks are grouped according their physical-mechanical properties in the following
groups: 1) intrusive rocks (manly granite); 2) gneiss and amphibolites; 3) conglomerates and
sandstones, and 4) alluvial - gravel, sands and clay. The different susceptibility to weathering
of the rocks influence to the ability to be detached and to be involved in the debris flow process.

Table 1. River basins parameters used in debris flow susceptibility assessment

Parameter Description and relation to debris flows

Basin area, km? Catchment area, determined on the base of 30 m DEM. Polygon attribute
table in GIS environment is used for calculating geometry.

The size of the catchment area influence on the variability of the hydro-
climatic and geomorphic conditions, and in this regard on the debris flows
occurrence. It affects the total amount of the surface runoff and its
distribution.

Basin relief, km The vertical distance between the highest point in the basin and the mouth of
the basin (Melton, 1957). It is an indicator for the geodynamics of the area
and development of the erosion processes.

Relief Ratio, km Basin relief divided by the basin length (Schumm, 1954; Strahler, 1958). It
is a measure of the general steepness of the basin.
Melton index Calculated by dividing the basin relief by the square root of the basin area. It

is considered as an indicator for the ruggedness. Watersheds prone to debris
flows has Melton ratios (indices) >0.3 (Jackson et al., 1987) and > 0.53
according to Bovis and Jakob (1999).
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Parameter

Description and relation to debris flows

Melton index should be considered and interpreted together with the other
morphometric parameters.

Basin length, km

Measured along the long axis of the basin, longest dimension measured
parallel to main stream channel. Calculated in GIS environment on the base
of stream direction raster as downstream distance along the flow path (Flow
length — ArcGIS Hydrology Tool).

Basin Shape Factor

A ratio between basin length and basin width. Basin shape directly impacts
the size of peak discharge and the time of its arrival at the basin outlet. The
peak discharge is higher and the time is shorter at circular basins.

Basin area with a
slope <12°

Topographic surface sloped < 12° in % of the total area of the basin.
Includes the transition between mountain relief and low land (sloped to
horizontal surface) which influence the transportation and accumulation of
colluvial material.

Basin area with a

Topographic surface sloped >25¢ in % of the total area of the basin. The

slope >25° areas with higher energy of mass movement.
Stream density, The total length of streams in the catchment area divided by the total area of
km/km? the catchment. It is an indicator for the development of erosional processes,

incl. gully erosion which is a prerequisite for debris flow occurrence.

NDVI - bare soils,
arable land, %

Bare soils and arable lands are considered as more prone to debris flows.
The area is determined by values of NDVI between 0 and 0.2

NDVI -forest, %

Forest areas are less prone to debris flows. They have retention role to the
flows. Forest areas are determined by the values of NDVI > 0.5

Rocks type

Physical — mechanical properties of the rocks influence on the water

permeability and runoff distribution as well as on the saturation and mass
movement, and in this regard impact on the debris flow occurrence.

Land cover and particularly vegetation influence on surface runoff of rainfall and
snowmelt and together with the topographic factors and climate impact on debris flows
occurrence. The effect of vegetation on debris flows development is considered through the
normalized difference vegetation index (NDVI). It is calculated on the base of Copernicus
Sentinel data [2017, European Space Agency] considering red (B04) and near infrared (B08)
bands. In the current research Sentinel 2 images are used, acquisition date 16 October 2017.
The following equation is applied in Map Algebra to the both bands images:

NDVI = (B08 — B04) / (B08 + B04). 1)

In the interpretation of NDVI values we accepted that negative values present areas of
water bodies, clouds, snow cover that reflect red band greater than infrared. Values close to 0
(0 —0.2) present bare soils and arable land, which are more prone to debris flows. These areas
reflect nearly in the same rate red and infrared bands. Rare vegetation has values of NDVI
between 0.2 and 0.5, and values greater than 0.5 present forest areas. The highest values are for
the densest vegetation (forest) cover. The time of image acquisition should be considered in the
analysis and interpretation of NDVI. The results of NDVI for the study areas in October are
lower than in June but considering that debris flows are more possible to happen on bare soils
or rare vegetation and following the precautionary principle in debris flow susceptibility
assessment we used images of autumn period. Using images of winter month is not applicable
in this case because of snow and clouds.

After entering the data about the relief, land cover and lithology in the GIS environment,
data processing and calculating the above described indices the next step is to determining and
assessing the debris flows prone basins/ subbasins using the morphometric parameters. For this
purpose, we used the following parameters: basin relief, relief ratio, Melton index, basin length,
basin shape factor and stream density and area with a slope greater than 25¢. Each one of these
parameters was rated in 3 classes (1, 2 and 3) presenting the debris flow susceptibility rates (1
— very low and low; 2 — moderate and 3 — high). The values are determined by expert views
and considering the physical-geographical properties of the study basins as well as the
publications in the field of debris flows investigations, cited in the Introduction section of this
paper. A complex assessment is done accepting that the considered morphometric parameters
have equal influence on debris flows occurrence. The second step is to add the information
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about the land cover and lithology to the complex morphometric assessment. Weighted sum
overlay (ArcGIS Spatial Analyst Tool) is used. The weights of importance of the considered
parameters are determined by expert evaluation as follow: for land cover (vegetation) — 50%;
lithology — 25% and morphometric indices — 25%.

Results

The river basin morphometry is calculated on the DEM basis and presented in Table 2.
The most important values are marked in bold.

The basin area influences on the total amount of the surface runoff which entered from
the rainfall and on the drainage time. In larger basins the total rainfall is bigger than in the small
ones and in this regard, it could be a prerequisite for intensive surface erosion. On the other
hand, the time for drainage is longer and the probability for flash floods and debris flows is
lower. Numerous investigations show that debris flows are more typical for small basins.
Because of the contradictory character of the basin area to the surface runoff and debris flows
occurrence this parameter is not directly considered in debris flow prone assessment, but it is
an important basin characteristic and is considered in calculating of other parameters (for
instance Melton index). Basin relief, basin ratio and basin length are indicators for steepness of
the study areas and should be considered together with the basin area. In the particular cases of
the investigated basins, the river Potoka catchment area is more susceptible to debris flows.
Although the values of basin relief for some parts of river Melnishka are higher, they are
received for larger areas. A complex parameter presenting the basin relief and area is Melton
index. According to this parameter the river Potoka subbasins show a higher susceptibility
again. Basin shape factor impacts on the discharge of the area and indirectly effect the hydro-
geomorphological processes in the basin. The discharge of circular basins is faster than in the
elongated basins of the same area because the tributary runoff flows into the main stream nearly
in the same time. Regarding the basin shape factor the investigated basins and subbasins are
rather low and moderately prone to debris flows than high. The stream density indicates the rate
of the development of erosion processes and the drainage network as a whole. On the other side
in the analysis of debris flows areas this indicator should be considered and interpreted in
relation to the number of streams (particularly 1st order streams — these that have not
tributaries), basin area, relief and other morphometric parameters. In the investigated cases the
values of stream density show more favorable conditions for debris flows in the river Potoka
subbasins than in the subbasins of the river Melnishka.

Analysing the role of the topographic surface in debris flows occurrence, we considered
2 slope intervals: < 120 and > 25¢. The limit of 12 is chosen because in many geomorphological
classifications and in Bulgarian Regulation about large scale topographic maps this value is
used as a limit for delineating mountain areas. Having regard that debris flows are mass
movement in wet, saturated environment they could arise even at small degree of the sloping
surface. Although that, the higher degrees of slopes are stronger presented as debris flows
triggering factors. Wilford et al. [2004] consider slopes greater than 30° and particularly
between 30° and 400. According Zhou et al. [2015] debris flow prone catchments have slopes
between 25¢ and 45e. In the current paper study areas have slopes until 50, but the areas steeper
than 40° take very small part of the investigated basins. In debris flow prone assessment we
accepted that the slopes greater than 25¢ have greater importance. Slope raster is generated in
GIS environment on the base of DEM and reclassified in the three rates. The values show that
basin/subbasins of river Melnishka are more prone to debris flow according to the slope
parameter.

The described morphometric parameters of the basins are rated according to their
importance for debris flow occurrence (Table 2) and the assessment of debris flow susceptibility
by morphometric parameters is calculated and presented on Figures 2a and 2b.
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Table 2. Values of river basins morphometric and landover parameters

Basins/
Subbasins

INDVI — bare soils, arable land (% of the basin
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Potoka basin 18.3272 | 1.2380 | 0.0825 | 15.0000 | 0.2892 | 12.2768 | 2.04 | 45.57 | 6.10 | 6.36 29.49
Potoka — 1 13.3360 | 1.1950 | 0.0906 | 13.1900 | 0.3272 | 13.0456 | 2.04 | 39.29 | 7.55 | 4.34 39.47
Potoka — 2 6.4588 |0.9610 | 0.1232 | 7.8000 |0.3781|9.4197 |1.86|26.96 | 12.51 | 0.17 70.53
Potoka 2a 1.1219 |0.4170 | 0.1709 | 2.4400 |0.3937 | 5.3066 |2.06 |26.99 [9.85 |0 41.79
Potoka 2b 0.4831 |0.2230 | 0.1593 | 1.4000 |0.3208 | 4.0571 |1.84|35.02|3.79 |2.99 13.95
Potoka — 3 0.7746 |0.2700 | 0.1500 | 1.8000 | 0.3068 | 4.1830 |2.39|30.23|4.01 |0.71 21.47
Potoka - 3a 0.3038 |0.2300 | 0.2018 | 1.1400 | 0.4173|4.2778 |1.94|23.50|8.75 |1.45 17.17
Potoka - 3b 0.3371 |0.2140 | 0.1507 | 1.4200 |0.3686 | 5.9821 |2.35|26.68|1.35 |0.06 33.63
Potoka — 4 0.4847 |0.2370 | 0.1823 | 1.3000 | 0.3404 | 3.4869 |1.85|30.47 |8.75 |5.57 21.19
Potoka — 5 0.2119 |0.1410|0.1294 | 1.0900 |0.3063 | 5.6071 |2.38|59.07|2.49 |21.93 |0
Potoka — 6 4.3400 |0.4180 | 0.0760 | 5.5000 | 0.2006 | 6.9701 |1.88 |60.19 |2.55 |11.28 |3.00
Potoka-6_1 1.3684 |0.2910 | 0.1293 | 2.2500 |0.2488 | 3.6995 |1.95|49.25|4.33 [12.98 |6.83
Potoka - 6a 0.3260 |0.1160 | 0.0829 | 1.4000 |0.2032 | 6.0129 |2.04 | 98.61 2.18 0
Potoka - 6b 0.7343 | 0.2760 | 0.1415 | 1.9500 |0.3221|5.1783 |1.76 | 29.47 | 7.86 |11.73 |11.72
Potoka - 6¢ 0.3249 |0.1250 | 0.1136 | 1.1000 |0.2193 | 3.7242 |1.9865.27 1602 |0
Potoka - 6d 0.3008 |0.1140 | 0.1009 | 1.1300 | 0.2079 | 4.2457 |1.93|54.04|3.28 | 1355 |0
Potoka - 6e 0.3719 |0.1080 | 0.0915 | 1.1800 | 0.1771 | 3.7444 | 1.69 | 95.70 1.90 1.22

River Melnishka

Melnishka basin 95.6221 | 2.3740 | 0.0673 | 35.2700 | 0.2428 | 10.3735 | 1.99 | 43.35 | 20.76 | 7.68 52.75

Melnishka — 2 52.4606 | 2.1010 | 0.1161 | 18.1000 | 0.2901 | 6.2449 | 1.76 | 12.00 | 36.00 | 1.29 84.30
Melnishka — 3 2.3607 |0.3360 | 0.1087 | 3.0900 | 0.2187 | 4.0446 |1.91 | 26.00 | 16.00 | 6.71 44.68
Melnishka — 4 0.1749 |0.1260 | 0.1575 | 0.8000 | 0.3013 | 3.6589 |1.84 | 20.00 | 21.00 | 24.06 | 7.25

Gornosushichka 6.2381 | 0.6060 | 0.0739 | 8.2000 | 0.2426 | 10.7790 | 1.94 | 34.00 | 10.00 | 1.08 32.90

Gornosushichka - 1 | 0.8455 |0.2700 | 0.1588 | 1.7000 | 0.2936 | 3.4180 | 1.84|30.00 | 8.00 |2.19 37.53

Gornosushichka - 2 | 0.1518 | 0.1160 | 0.1450 | 0.8000 | 0.2977 | 4.2154 |1.90 | 28.00 | 9.00 |0.13 22.39
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Besides basins morphometry physical-mechanical properties of the rocks also impact on
the possibility for debris flows. Granites, gneiss, amphibolites, marbles, shale, conglomerates
and sandstones build the study area. Because of the mountainous relief the alluvial gravel, sands
and clay are distributed in limited areas in the low parts of the river basins. Most susceptible to
debris flows are conglomerates, sandstones and heavily weathered granites. Non-consolidated
gravel and sands are also prone to movement but having regards their high-water permeability,
small areas and location on slightly sloping terrains they are not rated in high values (Table 3).
Intrusive rocks take the largest area of the investigated basins in Melnishka River catchment —
nearly 65%, and 30% are for conglomerates and sandstones, while conglomerates and
sandstones cover 92 % of the studied areas in Potoka River catchment.

Table 3. Rates of morphometric parameters according to their importance for debris follow occurrence

Parameter Value Rates of susceptibility*
Basin relief, km <0.2 1
02-1 2
>1 3
Relief Ratio, km 0.06 - 0.15 1
0.15-0.20 2
>0.20 3
Melton index 0.17-0.29 1
0.29-0.35 2
>0.35 3
Basin length, km 08-3 3
3-10 2
>10 1
Basin Shape Factor 3-5 2
>5 1
Stream density, km/km? 15-2 2
>2 3
Basin area with a slope >25¢, % of the total <5 1
basin area 5-20 2
>20 3

N

A

susceptibility susceptibility

low low
moderate

I g

not evaluated

moderate
I righ

{ not evaluated

Fig. 2. Debris flow susceptibility according to basins morphometry: a) r.Potoka; b) r. Melnishka
The lithology data is considered together with the results of NDVI interpretation

and morphometry in the complex debris flows susceptibility assessment. The determined
classes of land cover are rated according to their susceptibility to debris flows (Table 4).
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The ArcGIS layers about the susceptibility rates of morphometric parameters, rocks and
land cover / vegetation are converted in raster files and are used as input rasters in overlay
analysis. Weighted sum is applied. The results are presented on Fig. 3a and 3b.

Table 4. Debris flow susceptibility rates by lithology

Rocks Susceptibility*

Granites 2

gneiss and amphibolites

2
conglomerates and sandstones |3
2

alluvial - gravel, sands and clay

*1 -very low and low; 2 — moderate and 3 — high

Table 5. Debris flow susceptibility rates by land cover/vegetation

Land cover Susceptibility*
bare soils, arable lands 3
rare vegetation 2
forest 1

*1 -very low and low; 2 — moderate and 3 — high

a b
N
e
=7 susceptibility —
— h: 1bili
g s High 3
T Low: 1.5 B ow: 125
not evaluated e not evaluated
! -‘v\.
e Y "‘JQV‘
SO \} “’, VN
PRELEEN
012 4 6 8km
O — —

Fig. 3. Complex debris flow susceptibility assessment: a) r. Potoka; b) r. Melnishka

Conclusions

The debris flows susceptibility of two river basins located on the western slopes
and foothills of the Pirin Mountain (Bulgaria) is analysed. Three groups of factors are
considered: basin morphometry, physical-mechanical properties of rocks and land cover.
Analysing river basins morphometry require a complex approach and considering the
morphometric indices in interconnection. Reliable results are received by using Melton index
which is not considered in geomorphological publications in Bulgaria for the aim of debris
flows investigation until now. The results based on morphometric parameters show higher
susceptibility to debris flows of the subbasins in river Potoka catchment while it is
mainly moderate in the river Melnishka catchment. Due to the lithology and land cover
variability the complex susceptibility shows that
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middle part of the river Melnishka basin is more prone to debris flows. The high susceptibility
of subbasins of river Potoka are slightly decreased in the complex assessment.

As aresult of the research a GIS data base for the river Potoka and river Melnishka basins
is built including DEM, drainage network, lithology and land cover. Application of GIS
technology allows processing of big volume of data and easily updating of the information.
Using remote sensing data facilitate research of wide areas and save time and resources for field
investigation and mapping. The generated model of debris flows susceptibility was validated
regarding the previous field and laboratory investigations of these areas [Kenderova et al.,
2014] and shows good results. However future researches will be in direction to the
development of the model, entering more debris flows triggering factors (for instance climate
and seismic data) and minimizing the data imperfection.
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JIH14/6 from 13.12.2017 in the National Science Fund of Bulgaria, named “Environment under
climate change in the Pirin Mountains”.

References

Barlow, J.; Franklin, S.; Martin Y., 2006. High Spatial Resolution Satellite Imagery, DEM Derivatives,
and Image Segmentation for the Detection of Mass Wasting Processes. Photogrammetric Engineering
& Remote Sensing Vol. 72, No. 6, pp. 687—692.

Bertrand, M.; Liébault, F.; Piégay, H., 2012. Susceptibility of Small Upland Catchments to Debris Flows.
12th Congress INTERPRAEVENT 2012 — Grenoble / France, Conference Proceedings, pp. 47 — 58.

Bruchev, Il., Frangov G., Varbanov R., lvanov P., 2001. Geological Hazards In The Western Periphery
Of The Rhodope Region; Int. Conf. “Geodynamic Hazards, Late Alpine tectonics in the Rhodope
Region”, Sofia, 17-27.

Elkadiri, R., Sultan, M., Youssef, A. M., Elbayoumi, T., Chase, R., Bulkhi, A. B., Al-Katheeri M. M.,
2014. A Remote Sensing-Based Approach for Debris-Flow Susceptibility Assessment Using
Artificial Neural Networks and Logistic Regression Modeling. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, Vol. 7, No. 12.

Glovnja, M., 1958. Geomorphologic study of western part of Rila Mountain. - In: Yearbook of the
University of Sofia ,,St. Kliment Ohridski”, Faculty of biology and geography, vol. 55, book 2
Geography, p. 66-84. (in Bulgarian)

Jun Xu, J.; Cheng, X.; Huang, Q.; Chen, Y.; Qi, W.; Yuan, J.; Yang, J., 2017. Susceptibility Evaluation
of Debris Flow Based on Experience Weight Method Combined with “3S” Technology: A Case Study
from Dongchuan in Yunnan Province, China. IOP Conf. Series: Earth and Environmental Science
95, 022051. doi:10.1088/1755-1315/95/2/022051

Kanev, D., 1989. Geomorphology of Bulgaria. University Press “St. KI. Ohridski”, Sofia, 322 p. (in
Bulgarian)

Kenderova R., Baltakova A., Rachev G., 2013a. Debris Flows in the Middle Struma Valley, Southwest-
Bulgaria — In: Geomorphological Impacts of Extreme Weather, Springer Geography (D. Loczy, ed.),
pp. 283-287.

Kenderova, R., Rachev, G, Baltakova, A., 2013b. Formation and manifestation of debris flows in the
Middle Struma Valley (case from 3-5 Dec 2010). In: Ann. of the University of Sofia ,,St. Kliment
Ohridski”, Faculty of geology and geography, vol. 105, book 2, Geography, p. 15-31. (in Bulgarian)

Kenderova, R., Rachev, G, Baltakova, A., 2014. Debris flows in the Middle Struma Valley. In: Ann. of
the University of Sofia ,,St. Kliment Ohridski”, Faculty of geology and geography, vol. 106 book 2,
Geography, p. 13-40. (in Bulgarian)

Kenderova, R., Vassilev 1., 1997. Characteristics of the debris flow from 20.09.1994 in Zheleznik gorge
of Struma River. — In: Ann. of the University of Sofia ,,St. Kliment Ohridski”, Faculty of geology
and geography, vol. 88, book 2 Geography, p. 29-50. (in Bulgarian)

Kenderova, R., Vassilev 1., 2002. Climatic changes in Bulgaria — cause of debris flow activation — In:
Geography issues, vol. 1-4. (in Bulgarian)

Marinov, 1., 1984. Erosion and its control in Melniska River catchment area. Manuscript Habilitation
Thesis, Sofia (in Bulgarian)

Melelli, L.; Taramelli, A., 2004. An example of debris-flows hazard modeling using GIS. Natural
Hazards and Earth System Sciences 4: 347-358; SRef-1D: 1684-9981/nhess/2004-4-347

Ratchev, G., Nikolova N., 2009. Climate of Bulgaria. — In: Ann. of the University of Sofia ,,St. Kliment
Ohridski”, Faculty of geology and geography, vol. 101, book 2 Geography, in (Bulgarian)

Schumm, S. A., 1954. Evolution of drainage system and slopes in badlands at Perth Ambny, New Jersey.
Department of Geology, Columbia Unversity, New York, Technical Report No. 8, Office of Naval
Research Tech. Rep. No 8, p. 89

31



CeneBble NOTOKM: KaTacTpoddbl, PUCK, MPOTHO3, 3aLunTa DF] 8 Debris Flows: Disasters, Risk, Forecast, Protection

Strahler A. N., 1958. Dimensional analysis applied to fluvially eroded landforms. Geol. Soc. Am Bull
69:279-99

USGS, NGA, NASA. Shuttle Radar Topography Mission 1 Arc-Second Global: SRTM1N41E023V3

Wilford, D. J.; Sakals, M. E.; Innes, J. L.; Sidle, R. C.; Bergerud, W. A., 2004. Recognition of debris
flow, debris flood and flood hazard through watershed morphometrics. Landslides, 1: 61-66, doi
10.1007/s10346-003-0002-0

Yin, L.; Zhu, J.; Li, Y.; Zeng, C.; Zhu, Q.; Qi, H.; Liu, M.; Li, W.; Cao, Z.; Yang, W.; Zhang, P., 2017.
ISPRS Int. Journal of Geo-Information, 6, 377; doi: 10.3390/ijgi6110377

Zagorchev, 1. (ed.), 1990. Geological map of Bulgaria, Scale 1:100 000, sheet Petrich, sheet Razlog

Zakov, D., 2001. Erosion. Martilen Ltd., Sofia, 243 p. (in Bulgarian)

Zhou, W., Tang Ch., Van Asch, Th. W. J., Chang M., 2015. A rapid method to identify the potential of
debris flow development induced by rainfall in the catchments of the Wenchuan earthquake area.
Landslides (2016) 13: 1243. https://doi.org/10.1007/s10346-015-0631-0, pp. 1243-1259.

32





