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Abstract: The quarrying industry is changing the local landscape, forming deep open 
pits and spoil heaps in close proximity to them, especially lignite mines. The impact can 
include toxic soil material (low pH, heavy metals, oxidations etc.) which is the basis for 
further reclamation and afforestation. Forests that stand on spoil heaps have very different 
growth conditions because of the relief (slope, aspect, wind and rainfall shadows, supply 
of solar energy, etc.) and type of soil that is deposited. Airborne laser scanning (ALS) 
technology deliver point clouds (XYZ) and derivatives as raster height models (DTM, 
DSM, nDSM=CHM) which allow the reception of selected 2D and 3D forest parameters 
(e.g. height, base of the crown, cover, density, volume, biomass, etc). The automation of 
ALS point cloud processing and integrating the results into GIS helps forest managers 
to take appropriate decisions on silvicultural treatments in areas with failed plantations 
(toxic soil, droughts on south-facing slopes; landslides, etc.) or as regular maintenance. 
The ISOK country-wide project ongoing in Poland will soon deliver ALS point cloud 
data which can be successfully used for the monitoring and management of many 
thousands of hectares of destroyed post-industrial areas which according to the law, have 
to be afforested and transferred back to the State Forest. 
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1. Introduction

  The industrial development of countries with mineral resources, often leads to strong 
local transformations and changes in the landscape, water bodies, climate, or even 
to disturbances of biodiversity. The quarrying industry frequently leaves behind hard 
coal or lignite mines, such as open pits and spoil heaps, open pit quarries (stones, 
sand) and open pit sulfur mine spoils as well. In Poland, in 2012 about 64343 hectares 
(0.2% of the country’s area) have been devastated and degraded and approximately 
2.720 ha of these sites were reclaimed (Dmochowska and Witkowski, 2013). In 
the 1970’s and 80’s, every year, approx. 4.400 ha was reclaimed when in the year 
2000 only 2.200 ha. Following the technical deÞ nition, land reclamation consists 
of its restoration or assigning a utility or natural value. Devastated or degraded 
land is restored through appropriate landscaping, improving physical and chemical 
properties, regulating waterways, regenerating soils, strengthening scarps as well as 
constructing or reconstructing a necessary road system. From an ecological point of 
view, reclamation is a process of restoring the full functionality and complicity of the 
ecosystem (Pietrzykowski and Krzaklewski, 2007). 

The management and monitoring of the natural environment, including areas 
degraded by mining activities is connected with the constant need for very precise 
data, both geometric (vectors of the object borders, terrain models, the relative 
elevation of the objects etc.) as well as attributes (descriptive) information. In the 
case of woody vegetation, there is a whole range of features used in the forest 
inventory (e.g. height, canopy density, species composition, tree stand density) for 
the assessment of the development phase or the condition of forest stands. Apart 
from traditional forest inventory Þ eldwork, a massive use of geospatial technology 
is noticeable, including digital airborne photographs/orthophotomaps (RGB or CIR; 
3D/2D), precise measurements using GNSS (Szostak and Wezyk, 2013; Wezyk and 
Krzaklewski, 1999), UAV imagery, remote sensing satellite images (Drzewiecki et 
al. 2014; Hejmanowska, 2006), or Light Detection and Ranging (LiDAR) technology 
(Szostak et al., 2014; Wezyk, 2012; Wezyk et al., 2013). LiDAR is acronym for 
Airborne Laser Scanning (ALS), Terrestrial Laser Scanning (TLS) or Mobile Laser 
Scanning or Satellite Laser Scanning (SLS). The data sets collected with the mentioned 
technologies are integrated into Geographic Information Systems (GIS) and used for 
generation of new 2D and 3D spatial information. 

The basic task connected with ALS data processing for vegetated areas (forest, 
trees, other woodlands etc.), is the Þ ltration of impulses reß ected from the layer of 
trees, and from those reß ecting from the ground (Hyyppä et al., 2005). The applied 
algorithms for modeling DTM (Digital Terrain Model), based on the class of points 
(ground=2), was earlier selected from the whole dataset (Kraus and Pfeifer, 1998). In 
this process, the most often used algorithm is that of the active TIN model (Axelsson, 
2000). The TIN model in the following step of the analyses is transformed into 
a raster model GRID (ESRI) or GeoTIFF (Wezyk et al., 2008). After selecting the 
point cloud ALS of the class „ground”, the representations of other classes based on 
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the relative height above the ground, e.g.: low vegetation (height range: 0.0-0.4 m), 
medium (0.041-2.0 m) or high (>2.01 m). The class of buildings and infrastructure 
(„buildings”) was generated automatically due to the detection of planar surfaces 
(roofs) in TerraScan (Terrasolid_ software). 

The application of ALS technology in environmental management, apart from 
the important DTM (deriving slope and aspect) leads to using models such as: 
the normalized Digital Surface Model (nDSM). The nDSM denotes the surface 
representing the relative heights of objects, e.g. trees, buildings, and can be applied, 
among others, to mark the limits (e.g. height class) of the vegetation, supported by 
radiometric information from aerial imageries (Szostak et al., 2014). In case of forests, 
the advanced analyses (2D and 3D) of vegetation structure (Koch et al., 2006) based 
on the Crown Height Model (CHM) which means the same as nDSM generated from 
classes; ground + vegetation. Directly in the ALS point cloud some forest inventory 
parameters can be retrieved, such as: height (top of single tree, base of crown, or 
mean upper height of the whole stand), horizontal canopy density or light penetration 
index (2D), number of trees (e.g. ha-1), number and area of gaps (Wezyk et al., 2013), 
crown size (diameter, radius, area 2D/3D, volume) or vertical structure of the forest 
stand (Wezyk, 2008). Features strongly correlated with height, but impossible to 
be directly deÞ ned, include the trunk diameter (DBH) or biomass (Næsset, 1997). 
Counting the number of trees based on ALS data is directly connected with the 
delineation of individual tree crowns (Yu et al., 2004) the use of local maxima or GIS 
algorithms (e.g. the reversed catchment method; Wezyk et al., 2010). The Object Based 
Image Analysis (OBIA or GEOBIA) approach based on automatic segmentation and 
grouping of pixels according to the height attribute (nDSM) or standard deviation, but 
also the shape and other spectral characteristics, can be used to support the integration 
of ALS data with aerial or satellite imagery (Szostak et al., 2014). 

The purpose of the presented work was an demonstration of the potential use 
of ALS point cloud data and some derivatives (raster height models: DTM, DSM, 
nDSM) to demonstrate the semi-automatic process of retrieving selected 2D and 3D 
inventory parameters of the vegetation overgrowing the reclaimed spoil heaps of the 
lignite mines in Turow and Belchatow (Poland) and integration within GIS system 
helping to manage those newly created initial forest ecosystems.

2. Test area, material and methods

The study was performed on two spoil heaps (Figure 1) located in Turow (Bogatynia; 
SW Poland) and Belchatow (central Poland), who are remnants of the brown coal 
mining.

The Lignite Mine Turow (50°56’39.56”N; 14°58’20.05”E) lies in the Sudetic 
ecoclimatic zone, submontane macroregion. The period of vegetation is one of the 
longest in Poland (200–220 days), and the annual sum of precipitation ranges from 
700 to 800 mm. The area of the outer dump of the Lignite Mine Turow in Bogatynia 
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verifi cation using nDSM (ArMap Esri). The TerraScan and TerraModeler (Terrasolid) 
modules were applied to perform: verifi cation of ALS point clouds, classifi cation, 
fi ltration, generating DTM, conversion of height models into GRID etc. To defi ne 
the 2D and 3D parameters of vegetation FUSION (e.g. using cloudmetrics algorithm; 
McGaughey, 2012) and LASTools (Rapidlasso, 2014) software were used. For the 
GIS modelling and calculations of hillshade and some spatial analyses the ArcGIS 
ESRI (ver. 10.2) software was used.

3. Results

In this chapter, some selected examples of 2D and 3D parameters for forest vegetation 
growing in the Turow and Belchatow lignite mine areas, retrieved from ALS point 
cloud analyses and their derivates (raster models) will be presented. 

Digital Terrain Model (DTM)

Based on ALS point cloud class „ground”, the DTM was generated (TIN transform to 
GRID; GSD 1.0 m, Figure 2), opening the possibility of the classifi cation of relative 
heights of three vegetation classes and GIS aspect and slope analysis and hillshade 
relief of DTM as well. The last model is very useful for checking erosion risk and 
searching for local landslides. Using DTM surface, the volume of the spoil heap was 
calculated, reaching for Turow 1.43 milliard m3 and Belchatow 1.36 milliard m3. The 
relative height of Turow was 246.9 m (from lowest part in W 223.26 m a.s.l.; max.: 
470.16 m a.s.l.) and 212.4 m in case of Belchatow (lowest W part 19.15 m a.s.l.; 
max.: 405.5 m a.s.l.) 

Fig. 2. DTM – open pit (left) and outer dump (right) in Belchatow


















