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Abstract: 
Debris flows, described as a rapid movement of water saturated soil, sediments and rock debris down slopes, are one of 
the most dynamic environmental hazards in mountain areas. The geomorphometry and studying the changes in the 
topographic surface take an important part in prevention and mitigation of debris flows risk. For this purpose, the 
geospatial technologies provide powerful tools for data acquisition, modelling and analyses.  
 
In the current research two different in size and type debris flows are considered – debris flow in a gully and in a low 
part of a stream system. Terrestrial laser scanning (TLS), combined with GPS/GNSS was performed to obtain adequate 
georeferenced 3D models of selected debris flows. Digital elevation models (DEM) of the debris deposition areas are 
derived from the TLS data. The vegetation was removed from the point clouds by open-source filters and manual 
interaction. The 3D models are elaborated and analysed in standalone, server and web-based GIS environment. As a 
result of the analyses the erosion and debris flows deposition areas are characterized. Morphological features of the 
study areas are described. The impact of the vegetation on the results of the TLS as well as the impact of the point 
density in the cloud and the models resolution on the results of analysis are considered too. 

1. INTRODUCTION 

Modeling as a methodology for processing geographical (spatial) data with application computer algorithms is 
increasingly used in geomorphological research. With the development of geoinformation technologies DEMs became 
the basis for determining and calculating a number of morphometric indicators, visualization and tracking of changes in 
the topographic surface. In this relation the quality of the initial data and the spatial resolution of DEMs are of great 
importance for the reliability of the results of modelling. Many publications analyze geomorphological processes and 
landforms in different scale using geoinformation technologies and data acquired by UAS, aerial LiDAR and terrestrial 
laser scanning (Staley et al., 2006; Ghuffar et al., 2013; Kociuba et al.,2014; De Haas et al., 2014, Pearson et al., 2017; 
Schwendel and Milan, 2020 etc.). The influence of DEM resolution on the results of geomorphological studies is 
considered by (Žabota et al., 2019; Kasprak et al., 2019 etc.). Analysing the geomorphic changes due to the debris flow 
Kim et al., 2016 use DEMs derived from airborne LiDAR data acquired at a spatial resolution of 56 cm and then 
interpolated to 1 m resolution. Investigating rockfall Zabota et al., 2019 determine that spatial resolution of 1 m is the 
most suitable for modelling on a local scale; resolutions of 5, 12.5 and 25 m are appropriate for modelling on a regional 
scale and a resolution of 100 m should not be used for rockfall modelling.  

The literature review shows that the choice of the DEM resolution depends not only of the territorial scale of the 
research but also on the purpose of the modelling and the characteristics of the modelled phenomena. For example, 
DEMs in different resolution could give equally reliable results in modelling different types of debris flows. As a 
general methodology for studying the changes in the relief and assessment of debris flows dynamic, analysis and 
comparison of DEMs before and after the occurrence  of the phenomenon or by comparing the topographic differences 
of the two successive terrain surveys and derived DEMs is applied. (Loye et al., 2016; Kim et al., 2016, Morino et al. 
2018). In the current study, DEMs of the debris deposition areas of two types debris flows are generated from TLS data. 
The spatial distribution of the changes of the topographic surface of the both areas is presented by slope raster and 
topographic profiles derived from DEMs. This is the first stage of the research of debris flows in the Eastern Rhodopes 
(Bulgaria) using TLS and the presented results refer to the morphometric properties of the studied areas, and do not 
consider the time dynamics of the debris flows. The 3D modelling was performed of the depositional areas at two 
sampling locations - a gully induced debris flow near to village Golyama Bara and debris flood deposits of the river 
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Damdere, few kilometers before it flows into a river Varbitsa. The main activities at this stage of the project are 
presented on Fig. 1. 

 

Figure 1. Workflow of the project operations  

2. TERRESTRIAL LASER SCANNING 

Terrestrial laser scanning (TLS) field campaign was organized to derive point cloud data for the areas of debris flow 
deposition and the erosion. The TLS data was derived using Stonex X300 laser scanner - a mid-range (1.6 – 300 m) 
laser scanner, able to detect color and intensity information alongside three-dimensional data (Fig. 2). It has a 32 GB 
internal memory, capable of storing up to 50 scans at maximum resolution. The instrument has a built-in Wi-Fi 
interface, which was used for field setup via Android smartphone. The 3D geospatial dataset is obtained via five 3D-
scans at standard resolution. Paper targets were deployed onto characteristic terrain features for georeferencing 
purposes. The scanned areas are of relatively small scale - the Damdere debris flood area was covered with three point 
clouds, while the gully - Golyama Bara with just two. 

 

Figure 2. Stonex X300 laser scanner at operation in Damdere debris area 

2.1. Data preprocessing 

During data collection, all raw point cloud data were recorded in Stonex .x3a archive format. They were subsequently 
converted to Stonex .x3s grid (structured) point cloud, and imported into the Stonex 3D Reconstructor software. 
Preprocessing and noise removal were applied for data optimization. Two filtering techniques were incorporated in the 
preprocessing: 
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• Range & Reflectance Gate - all pixels outside the instrument scanning range were filtered, plus all 
measurements with intensity values outside the [0-1] interval; 

• Median filter and relative depth discontinuity filter; 

Computation of normals was performed through a local surface tangent plane for each point, based on the neighborhood 
of the pixel (local plane fitting). 

Edge detection was applied via two types of geometrically significant line features, calculated from the point cloud 
data: edge discontinuities (features when there is a sudden change in the object orientation), and depth discontinuities 
(features where the scanner hits an occlusion and therefore the measured range jumps from a foreground to a 
background value). 

Confidence computation was incorporated thought a dedicated new layer, containing confidence values for each 
measurement, based on the incident angle between the laser beam and the tangent plane of the target, the distance to the 
target and the material of the object (respectively, the intensity of the reflected signal). The confidence value is 
computed as a weighted sum of the surface normal, the range value and the reflectance value. 

Afterwards, the preprocessed scans are registered manually via pairs of homologous points - paper targets, as well as 
distinctive terrain features – stones, trees, etc. (Fig. 3 and 4). Every registration is performed via at least three 
homologous points, with RMS of less than 2 cm. The models were approximately georeferenced via autonomous GNSS 
measurements at the scanning positions and paper targets locations with submeter accuracy. The data is subsequently 
exported in ASCII (XYZ) colored-reflectance point cloud format for further processing, mainly for vegetation removal. 

 

Figure 3. Overview of the three point clouds for Damdere, including overlying forest canopy that needs removal 

 

Figure 2. Combined dense cloud for the gully - Golyama Bara, where plenty of vegetation needed to be removed.  
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2.2. Vegetation removal 

Separating point clouds into ground and non-ground measurements is an essential step to generate digital elevation 
models (DEMs) from LiDAR data. Many filtering algorithms have been developed. However, even state-of-the-art 
filtering algorithms need to set up a number of complicated parameters carefully to achieve high accuracy. The 
vegetation was removed to a satisfactory degree using both automatic filtering and manual cropping. The relatively 
simpler Cloth Simulation Filter (CSF), available in the open software CloudCompare, was used instead. Various 
settings were tested until acceptable noise removal factor was achieved. CSF is based on cloth simulation, which is a 3D 
computer graphics algorithm and is used for simulating cloth within a computer programa tool to extract ground points 
from LiDAR point clouds. The detailed theory and algorithms of this filter may be found in Zhang W. et all (2016). In 
addition to the processing with the filter, some densely forested areas are removed manually (Fig. 5). 

 
Figure 5. Damdere after vegetation removal with the CSF filter 

3. MODELLING IN GIS ENVIRONMENT 
The point cloud data was processed in GIS environment in several stages. First, the point clouds were imported in 
ArcGIS Pro 2.5.1, where a set of DEMs, profiles (longitudinal and cross-section) and surfaces of slopes were created 
for further geomorphologic analyses. Then, a web map was deployed in ArcGIS Portal 10.7.1 within the university GIS 
portal. Finally, a web application was developed using the Operations Dashboard tool. 

3.1. DEM and profiles 

DEMs in 5 cm horizontal resolution are generated. For this purpose point feature class is created from the point clouds 
and terrain is built. Using ArcGIS Pro Conversion tool the terrain is converted in DEM raster. To smooth the model 
ArcGIS Spatial Analyst Tools – Neighborhood – Focal Statistics is used with neighborhood type (moving window) 20 x 
20 cells, statistics type “Mean (Fig. 6). 
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Figure 6. DEMs of the studied areas: a) low part of gully – Golyama Bara without smoothing; b) low part of gully 
– Golyama Bara smoothed, profile lines are outlined - green line shows the general downslope direction; blue line 

– the greatest flow convergence; c) Damdere debris deposition area, smoothed DEM and profile line 

Profile lines are interpolated by 3D Analyst Tool (Interpolate Shape) to create 3D lines and profile graphs. The z-values 
are interpolated from the DEM to analyze the changes of the topography and the second interpolation of these lines is 
done taking into account the values of the slope surface. Changes of the slope of longitudinal profiles indicate changes 
in erosion and accumulation. Steeper lines are related to the increasing of deep erosion while more slopping lines show 
calmer conditions or accumulation (Fig. 7) 

 

Figure 7. Profile graphs at gully – Golyama Bara area: a) longitudinal profile of the topography (line 1 – on the 
general downslope direction; line 2 – the greatest flow convergence); b) changes of the slope through the profile lines 

(line 1 and line 2 – the same as previous); c) cross-section profiles of the topography 
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If we compare the longitudinal profile lines through the DEM and these ones through the slope surface (Fig. 7a and 7b) 
we could suggest a relatively high erosion to the 8th m of the profile lines. More calm environment could be seen from 
8th m to 18th m and after the 18th m it is visible the deviation of the flow convergence line from the general downslope 
direction which could be an indicator for debris fan forming. The changes of the cross-section profiles (Fig. 7c) show 
the decreasing of deep erosion from upper to the lower part of the gully. 

The rapid decrease in the elevation at the Damdere longitudinal profile indicate the position of the check-dam (Fig. 8a). 
Тhe cross-section profiles clearly outline the character of the topographic surface before and after the check dam 
(respectively the top and bottom of the graph), Fig. 8b. The higher variability of the cross-section profiles after the 
check-dam shows greater flow variability and accumulation of debris deposits in the sides of the flow bed. 

 

Figure 8. DEM Profile graphs at Damdere debris flood deposition area: a) longitudinal profile; c) cross-section 
profiles 

The profile graphs were exported as raster images (.jpg format) and uploaded into the Portal to be used as pop-up 
images in the web map. 

The slope surfaces of the both studies areas are generated from the DEMs. Nearly 50% of the studied area of the gully - 
Golyama Bara are with slope range between 15 and 30 degrees, while at the Damdere area slopes from 5 to 15 degrees 
predominate (32% of the studied area), followed by slopes in a range between 15 and 30 degrees ( 23%).  

3.2. Web map deployment 

The project, created in ArcGIS Pro, is shared as a web map and uploaded in the university GIS Portal, licensed for 
education and research by ESRI Bulgaria. The web map provides an interactive display of the project locations and is 
composed of web layers that can be visualized in any standard web browser. The portal incorporates several ArcGIS 
Enterprise products – ArcGIS Server, ArcGIS Database, ArcGIS Web Adaptor and ArcGIS Portal 10.7.1., installed on a 
Windows Server 2016-amd64-10.0 machine with Intel i7-6700K CPU @ 4.00GHz, 32 GB DDR4 RAM and NVIDIA 
GeForce GTX 1060 6GB video card. The server is federated to ArcGIS Portal as hosting server, named 
MAPS.MGU.BG. The GIS environment is available online, configured using the default Windows web server (Internet 
Information Services) with free Let'sEncryptAuthorityX3 HTTPS certificate.  
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The slope DEMs are uploaded into the Portal server as web tile layers, corresponding to 4 map image services, while 
the 8 profiles – as web feature layers, grouped together into a single hosted feature service. Slope surfaces are also 
uploaded as web tile layers (a collection of predrawn map images) and provide appropriate elevation basemap. Two 
default ArcGIS Server databases are used: a managed database for the vector features and a tile cache database for the 
raster DEM tiles. It has to be noted that the server machine video card is not able to render 3D scene view. 

3.3. Web application development 

The web application is configured and shared publicly using the Operations Dashboard tool, available within the 
ArcGIS Portal platform (Fig. 9). ArcGIS Dashboards is an application that enables users to convey information by 
presenting location-based analytics using intuitive and interactive data visualizations on a single screen. 

Several dashboard items were incorporated in the home interface: the web map, developed in the previous step, plus six 
list items – one for each main feature layer.  

The web application is available on the following address: 

https://maps.mgu.bg/arcgis/apps/opsdashboard/index.html#/28d0ae553971416899edd450dd25483e 

 
Figure 9. Main interface of the web application with gully - Golyama Bara DEM and profiles visible 

4. CONCLUSION 

The study shows good results with the vegetation removal filter, with some 80% of the data processed correctly 
(compared with photos of the area). The generated models of the debris deposition areas allow assessing the spatial 
changes of the topographic surface as well as the morphometric characteristics of the gully induced debris flow and 
debris flood section. The results set the beginning of the debris flow monitoring in this part of the Eastern Rhodopes 
Mountain and can be used for debris flow susceptibility and hazard assessments. The subsequent surveying of the 
territory related to the current results will give an information about the spatio-temporal dynamic of this 
geomorphological hazard. Further data collection may include aerial photogrammetry (drones) for even larger coverage. 
However, terrestrial laser scanning may still be needed inside the dense forest canopy.  

The web application (operations dashboard) will be updated with new data collation campaigns of the presented debris 
areas. The app may be also used in real-time on mobile device for better navigation within the area. 
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