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1. Introduction 

Selection of a suitable site for agricultural production, whether for energy crops or food production 

within the From COal to FArm project (COFA), is a crucial step that should consider all available 

information about the given area. The previous deliverable D3.2 focused primarily on soil 

dysfunctions, which significantly affect post-mining areas. Coal mining itself represents an extensive 

and destructive intervention in the landscape, and the accompanying soil dysfunctions further 

deepen this negative impact, making them an essential part of any territorial assessment.  

D3.1 builds on this foundation and focuses on identifying the most suitable land for agricultural use. 

To make the selection as accurate and objective as possible, it is necessary to consider a set of 

relevant indicators and indices, which are described in detail in Chapters 2 and 3. The indicators are 

divided into two groups, main and supplementary. Main indicators in this case include terrain 

topography with elevation, slope, land surface temperature and water conditions. Supplementary 

indicators encompass, for example, vegetation cover, human pressure and land use. The 

combination of all these parameters enables a gradual narrowing of the selection. Some areas can 

be excluded as unsuitable based on the collected data, while others emerge as promising candidates 

for agricultural use. 

Suitability maps created for this output are designed to directly follow up on other parts of the COFA 

project (D3.3 and D3.4). The analysis in the form of map outputs and basic characteristics of the 

area will serve as a basis for assessing which reclamation approaches are most suitable given the 

specific conditions of the substrate and the land use history in each study area. This will be reflected 

in D3.3. It will be also necessary to evaluate the potential of identified sites for low-carbon agricultural 

practices and the production of energy crops, in connection with the subsequent D3.4. The 

interrelations with other COFA tasks is illustrated on Figure 1. 

 

Figure 1 Interrelations with other COFA tasks 

  



Deliverable no. D3.1    

 

page  6 
 

2. Main Indicators and Indices 

The primary indicators represent key factors for identifying land suitable for agricultural production 

in post-mining areas and form the basis for initial decisions whether spoil heaps or specific parcels 

located on them are eligible for agricultural use. These indicators include elevation and terrain 

steepness, which are determined by a digital elevation model, as well as surface temperature and 

moisture conditions. The selection of key indicators was based on a logical assessment of the factors 

that need to be considered for agricultural production. 

It should be noted that some of the main and supplementary indicators and indices are derived from 

European environmental databases, such as the Copernicus Land Monitoring Services, for which it 

is necessary to always specify the exact date and year of data acquisition. Since the outputs 

presented here serve only as a methodological proposal for a guideline on how to properly select 

suitable land for agricultural use, the closest available relevant dataset from 2025 was used. 

However, for practical application of this approach, it is essential to work with up-to-date data and to 

regularly update all map materials to reflect current conditions. 

2.1. Digital Elevation Model (DEM) 

Digital elevation models (DEMs) are a fundamental data source for terrain analysis in post-mining 

landscape assessments. By capturing the three-dimensional configuration of both natural and 

anthropogenic surfaces, DEMs enable the derivation of key morphometric parameters, most notably 

slope angle and elevation, which are directly relevant to evaluating land suitability for agricultural 

use. The analytical value of DEMs lies not only in the raw elevation values, but in their capacity to 

reveal subtle terrain structures that are not apparent on conventional topographic maps. This 

approach is central to geomorphometry, as it allows the visual identification of terraces, ground 

levels, anthropogenic interventions, erosional forms, and transitions between morphological units 

(Wood, 1996; Pike et al., 2009; Hengl, 2006). 

In the context of this deliverable, DEM-derived parameters are applied across all study areas using 

locally available datasets. As an example of such a dataset for the Czech study area, the Digital 

Elevation Model of the Czech Republic, 5th generation (DMR5G), was used. DMR5G is a detailed 

digital representation of both natural and anthropogenic terrain, based on elevations of discrete 

points arranged in an irregular triangular network (TIN), with coordinates X, Y and H (altitude). 

Vertical accuracy reaches approximately 0.18 m in open terrain and 0.3 m in forested areas (ČÚZK, 

2016). The model was created through airborne laser scanning performed between 2009–2013 and 

completed in 2016. It supports detailed terrain analyses, including land-consolidation projects, 

transport and water-management infrastructure planning, and modelling of local natural processes. 

It also serves as a base layer for contour generation and high-precision GIS visualizations (ČÚZK, 

2016). 

2.1.1. Angle of Slope 

The angle of slope, derived from the digital elevation model, is an essential indicator for assessing 

the environmental impacts of mining. Slope influences water runoff, soil erosion and land stability—

all of which affect habitat quality and biodiversity. Mining often creates steep, unstable slopes that 

accelerate erosion, increase topsoil loss and contribute to ecosystem degradation (Musiałek et al., 

2024). 
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Slope is therefore crucial for sustainable land management in post-mining landscapes. Slope-based 

land classification helps target restoration efforts and maintain ecological balance. According to 

Paulo (2008) and Chodak (2013): 

< 5° – suitable for most agricultural crops 

< 15° – suitable for less intensive agriculture, e.g., grazing 

< 35° – suitable for forestry 

< 60° – forestry still possible with erosion-control measures 

> 60° – very unstable; requires engineering-intensive reclamation 

Steep slopes exhibit high erosion risk, though south-facing steep escarpments may host valuable 

dry grassland habitats with high biodiversity (Musiałek et al., 2024). 

For agricultural reclamation on spoil heaps, gentle slopes (< 4–7 %) are generally preferred because 

they allow better infiltration, reduce stagnation and prevent erosion. 

Slope-based classification therefore enables mining companies and land managers to design 

restoration strategies that respect the natural terrain capacity and support long-term ecological 

recovery. 

2.1.2. Elevation 

Wood (1996) emphasizes that DEMs, particularly slope and steepness, allow for a much more 

sensitive characterization of surface morphology than elevation alone, as they capture spatial 

variations and surface gradients. Pike et al. (2009) add that combining multiple geomorphometric 

parameters in a single map (e.g., edge highlighting + colour scale + brightness gradient) provides a 

significantly more informative picture of landforms and their hierarchy. Hengl (2006) builds on this 

idea, demonstrating that the use of distinct colour scales and methods that highlight local changes 

in the terrain can make even subtle surface shapes visible, which would remain hidden in commonly 

simplified elevation models. 

In the context of post-mining landscape assessment, elevation analysis is therefore employed not 

as a standalone parameter, but in combination with slope and additional terrain derivatives. Together, 

these indicators help identify terrain that is morphologically stable and spatially suitable for 

agricultural reclamation. 

2.2. Land Surface Temperature (LST) 

Land surface temperature (LST) represents the temperature of the Earth’s surface and reflects the 

exchange of energy between the land surface and the atmosphere. It is a key variable in remote 

sensing studies because it is closely linked to surface energy balance, land cover, and climatic 

processes. LST is commonly derived from thermal infrared satellite data, and its accuracy strongly 

depends on correct characterization of the surface radiative properties, as well as atmospheric 

conditions. Due to its spatial detail, LST is widely applied in studies of urban heat islands, land 

degradation, and environmental impacts of human activities (Parastatidis et al., 2017). 
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2.3. Water Conditions 

2.3.1. Scene Classification Map 

The Scene Classification Map (SCL) is one of the key outputs of the atmospheric correction 

processor Sen2Cor, designed to classify basic surface types and assess the quality of Sentinel-2 

imagery. According to Main-Knorn et al. (2017), SCL is produced by an algorithm developed for the 

European Space Agency (ESA) and categorizes pixels into twelve classes, such as vegetation, bare 

soil/desert, water, clouds or snow (Figure 2). 

Documentation from Copernicus further explains that the primary purpose of SCL is to distinguish 

between clear, cloudy and water-related pixels, serving as a support tool rather than a full land-cover 

map. Recent versions of Sen2Cor continue to refine the accuracy of SCL and incorporate 

adjustments to Sentinel-2 product specifications, including updated class naming and integration of 

new auxiliary datasets (ESA Release Notes, 2024). 

 

Figure 2 Scene Classification Map colour legend. Source: Copernicus / ESA 

2.3.2. Normalized Difference Moisture Index (NDMI) 

The Normalized Difference Moisture Index (NDMI) measures vegetation moisture using reflectance 

in the NIR and SWIR spectral bands (Equation 1). The concept of using NIR–SWIR reflectance 

differences to estimate vegetation water content was first introduced by Gao (1996), who 

demonstrated that SWIR reflectance responds strongly to changes in internal leaf water content, 

while NIR reflectance is affected mainly by leaf structure and dry biomass. 

      [1] 

According to Copernicus/Sentinel Hub, combining NIR and SWIR helps reduce the influence of leaf 

structure and dry matter, improving the accuracy of vegetation moisture assessment. NDMI 

effectively captures variations in water content in tree canopies and herbaceous vegetation, with 

decreasing SWIR reflectance indicating increasing water content. 

For Sentinel-2 imagery, NDMI is widely used to monitor vegetation stress, drought, and forest 

disturbances. Taloor et al. (2021) highlight NDMI’s suitability for hydrological studies, moisture 

assessments and identifying spatial differences in water availability within landscapes. 
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2.3.3. Normalized Difference Water Index (NDWI) 

The Normalized Difference Water Index (NDWI) was introduced by McFeeters in 1996 as a method 

designed to enhance open water surfaces in remotely sensed data. The index utilizes a combination 

of the green band and near-infrared radiation, based on the principle that water strongly absorbs 

light in these parts of the spectrum. NDWI thus suppresses the influence of soil and vegetation, 

enabling better identification of water bodies and potentially allowing assessment of their turbidity. 

However, the method is sensitive to the presence of built-up areas, which may exhibit spectral 

properties similar to water, potentially leading to their erroneous classification as water surfaces 

(McFeeters, 1996; Musiałek et al. 2024). The Copernicus web tool states that NDWI values above 

0.5 are typically considered water bodies, vegetation reaches lower values, and built-up areas range 

around 0 to 0.2. 

The present study confirms the importance of NDWI in analyzing changes in water resources, 

particularly in areas experiencing significant water level fluctuations or long-term drought. Mahmood 

et al. (2025) applied NDWI to monitor drought conditions in major lakes in Iraq, analyzing changes 

in the extent of three key lakes over the period 1987–2014, supplemented by classification of current 

conditions using SVM (Support Vector Machine) on Sentinel-2 imagery. The results revealed 

significant changes in both the shape and extent of water bodies; for example, Lake Razzazah lost 

approximately 67% of its surface area between 2000 and 2014. NDWI was employed as a key 

indicator for quantifying changes in water levels and for supporting the design of water management 

measures, confirming its versatile applicability in hydrological and environmental studies (Mahmood 

et al. 2025). 
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3. Supplementary Indicators and Indices 

In addition to the main indicators and indices, a set of supplementary indicators and indices can also 

be employed to assess the suitability of land in post-mining areas for agricultural production. These 

include soil texture, vegetation Index (NDVI), urban pressure (HRL) and erosion risk assessment. 

None of these indicators individually represents a primary determining factor. However, their 

combined use provides valuable supplementary information that helps to refine the overall 

assessment of the agricultural potential of landscapes affected by previous mining activity.  

3.1. LUCAS Topsoil Survey and USDA Soil Textural Triangle 

The LUCAS Topsoil Survey (Land Use and Cover Area frame Statistical Survey) database was used 

to map soil physical properties at the pan-European scale. Several key soil characteristics were 

modelled using hybrid methods, particularly regression kriging. For these datasets, topsoil texture 

and other derived physical properties were predicted. The regression models relied, among other 

inputs, on remotely sensed data from the MODIS (Moderate Resolution Imaging Spectroradiometer) 

sensor, whose high temporal resolution makes it possible to capture vegetation response patterns 

that reflect soil properties. This information can then be used to refine the spatial mapping of soil 

features (Ballabio et al., 2016). 

Following this physical-property mapping phase, a subsequent study by Ballabio et al. (2019) 

focused on soil chemical properties, including pH, CEC, CaCO₃ content, nitrogen, phosphorus, 

potassium, and other elements. The authors used Gaussian Process Regression, a method that 

enables modelling uncertainty and incorporating prior knowledge through covariance functions. 

A major methodological contribution was also provided by Montanarella (2013), who described in 

detail the procedures of the LUCAS Topsoil Survey and created a robust continental database of 

nearly 20,000 soil samples. This study provided standardized procedures for sampling, laboratory 

analyses, and other methodological frameworks for subsequent modelling of soil physical and 

chemical characteristics. 

Ballabio et al. (2016) additionally addressed approaches for predicting interrelated soil properties 

such as texture. This requires advanced techniques such as the MARS algorithm (Multivariate 

Adaptive Regression Splines). Model validation using cross-validation (a test which checks how well 

the model works with new data) showed that the LUCAS dataset is suitable and reliable for mapping 

soil properties. The models explained approximately half of the variation in soil texture, with errors 

typically ranging between 4 and 10 % (Ballabio et al., 2016). 

Two of the most widely used field tools for soil classification are the USDA Soil Texture Triangle and 

the Munsell Soil Color Book. Both tools support particle size analysis. The Munsell Color Book 

development is well documented (Simonson, 1993), whereas the USDA texture triangle evolved over 

decades. Milton Whitney (1911) published the first graphic delineation of soil texture classes, 

originally eight categories. Davis & Bennett (1927) expanded the triangle to ten classes (clay loam 

and sandy clay). In 1938, the USDA revised the upper boundary of the clay fraction to align with the 

international system. The modern version of the texture triangle was published in 1951 (Soil Survey 

Staff, 1951) and includes 12 texture classes (University of Minnesota Soil Judging Team, 2014). 

LUCAS provides laboratory-measured proportions of sand, silt, and clay, allowing direct derivation 

of USDA texture classes. 

3.1.1. Basic Characteristics of Grain Size Categories 

Sand particles may consist of quartz or fragments of silicate rocks and feldspars. The sandy fraction 

ensures good soil drainage, as water infiltrates quickly between particles. Soils with high sand 

content are permeable and well-aerated, but they also dry out rapidly in dry weather. Their sorption 

capacity is low (Šarpatka, 2014). 
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Silt consists of medium sized particles, between sand and clay. It is commonly found in soils formed 

on loess. Silt contributes to favourable physical properties and an optimal balance between water 

and air content (Šarpatka, 2014). 

Clay belongs to the fraction with very small particle size and high specific surface area. Fine colloidal 

clay has a surface area approximately 10,000 times larger surface area than medium-sized sand 

particles. Clay strongly influences soil porosity, water and air regime, and nutrient availability within 

the sorption complex. Consequently, it also affects the soil’s biological component (Šarpatka, 2014). 

Various grain-size classification systems exist, but they generally agree that particles < 2 mm form 

the soil fine earth fraction. Subdivisions within the fine earth differ only slightly between classification 

systems (Table 1). United States Department of Agriculture (USDA) texture is illustrated in Figure 3. 

Table 1 Grain size fractions in individual classifications (mm; Šarpatka, 2014) 

 BSI 
(British standards 

Institutions) 

ISSS 
(International 

Society of Soil 
Science) 

USAD 
(United States 
Department of 

Agriculture) 

KPP 
(Koplexní průzkum 

půd – ČR) 

Clay < 0,002 < 0,002 < 0,002 < 0,001 

Silt < 0,06 < 0,02 < 0,05 < 0,05 

Sand < 2,0 < 2,0 < 2,0 < 2,0 

 

Figure 3 Texture USAD Class for Europe. Source: esdac.jrc.ec.europa.eu 
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3.2. Vegetation Conditions  

3.2.1. Normalized Difference Vegetation Index (NDVI) 

The Normalized Difference Vegetation Index (NDVI) is one of the most widely used indicators of 

vegetation health and biomass in remote sensing. It was first clearly defined by Kriegler et al. (1969), 

who observed that live vegetation strongly reflects near-infrared radiation (NIR) while absorbing red 

light (RED) due to chlorophyll. NDVI uses a simple ratio to express the contrast between high NIR 

reflectance and low RED reflectance (Musiałek et al., 2024). Rouse et al. (1973) later introduced 

NDVI into satellite practice. 

Carlson & Ripley (1997) showed that NDVI correlates with fractional vegetation cover (FVC) and leaf 

area index (LAI). Variations in NDVI reflect differences in leaf optical properties and canopy structure, 

supporting its use as a proxy for vegetation productivity. 

Huang et al. (2021) provided a comprehensive overview of NDVI applications, confirming its 

robustness and long-term comparability despite known limitations (e.g., saturation in dense 

vegetation, soil background influence, atmospheric effects). 

NDVI values range from –1 to +1 (Figure 4): 

–1 to –0.1 → water surfaces 

–0.1 to +0.1 → bare soil, rock, snow 

0.2 to 0.4 → grasslands, shrublands 

0.6 to 1.0 → dense, healthy vegetation 

 

Figure 4 NDVI colour legend. Source: Copernicus / ESA. 

NDVI remains a foundational index used for ecosystem monitoring, agricultural assessment, drought 

detection, productivity modelling, and land-cover change analysis, supported by decades of literature 

(Kriegler et al. 1969; Rouse et al. 1973; Carlson et Ripley 1997; Huang et al. 2021). The NDVI 

calculation is defined in Equation 2; for Sentinel-2 in Equation 3 (Copernicus / ESA). 

    [2] 

     [3] 
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The Copernicus Land Monitoring Service (CLMS) is highly suitable for monitoring NDVI due to 

globally available, regularly updated products with a 10-day temporal resolution and ~300 m spatial 

resolution. CLMS supports environmental monitoring, drought assessments, and long-term 

vegetation trend analyses (Swinnen et al., 2021). 

3.2.2. Bare Soil Index (BSI) 

BSI combines blue, red, near-infrared (NIR), and shortwave infrared (SWIR) spectral bands to 

capture the variability of the soil surface. The SWIR and red bands are used to quantify the mineral 

composition of the soil, while the blue and NIR bands suppress the influence of vegetation (Rikimaru 

et al., 2002; Mzid et al., 2021). The index is calculated according to the formula: BSI = ((SWIR1 + 

Red) − (NIR + Blue)) / ((SWIR1 + Red) + (NIR + Blue)). BSI is a combination of NDVI and the 

Normalized Difference Built-up Index (NDBI) and constitutes a spectral index that enhances the 

detection of exposed soil surfaces and uncultivated areas by exploiting soil reflectance 

characteristics. Values range from −1 to 1, where a higher value indicates the barest soil (Rikimaru 

et al., 2002). Pixels with a BSI value above 0.021 are classified as bare soil (Diek et al., 2017). The 

threshold for bare soil extraction may, however, vary between 0.02 and 0.08 depending on the study 

area and the data used (Diek et al., 2017; Mzid et al., 2021; Vaudour et al., 2021). The index is 

applied particularly in the mapping of areas potentially affected by land degradation and soil erosion 

(Salas et Kumaran, 2023). 

3.3. High Resolution Layer Imperviousness (HRL Imperviousness) 

The High-Resolution Layer Imperviousness (HRL Imperviousness) is a key component of the 

Copernicus Land Monitoring Service, mapping the extent of artificial, sealed surfaces such as roads, 

buildings or infrastructure with spatial resolution of 10 m and 100 m. The layer provides harmonized 

European-scale data on the percentage of surface sealing (0–100 %), which is essential for 

monitoring urbanization, assessing runoff patterns, flood risk, soil function loss, and heat-island 

effects. 

HRL Imperviousness supports urban planning, land-use management and environmental 

assessment by showing how human activity alters landscapes. Strand (2022) confirmed the 

accuracy of HRL Imperviousness in environmental monitoring, while Lefebvre et al. (2016) 

demonstrated how Sentinel-2 data can be used to efficiently update and refine this layer. 
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4. Study Areas Description 

The selected indicators and indices, designed to support the identification of post-mining sites 

suitable for agricultural reclamation, are applied below to individual partner countries (the Czech 

Republic, Greece, and Poland). These countries have a long tradition of coal mining and are also 

actively involved in the reclamation of mining-affected areas. Deliverable D3.1 aims to identify the 

most suitable land and reveal its potential within the context of the COFA project. 

For the Czech Republic, the area of interest is the Most Basin; for Greece, the Ptolemaida Mining 

Area, and for Poland, the Konin Lignite Basin.  

The use of a methodological proposal for assessing the suitability of land for agricultural use, 

developed within the COFA project, is purely theoretical in nature, and the authors bear no 

responsibility for reliable feasibility. 

4.1. Most Basin (CZ) 

The Most Basin is the largest brown coal basin in the Czech Republic located in northwestern 

Bohemia (Figure 5). Its geological history together with intensive lignite mining have significantly 

influenced the landscape, soil structures, and ecological stability in the region. An extensive network 

of spoil heaps has been created as a result of mining. These spoil heaps are nowadays the main 

subject of reclamation and research activities.  

 
Figure 5 Location of the Most brown coal basin in the Czech Republic. Source: QGIS 
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4.1.1. General Characteristics of the Most Basin  

Intensive brown coal mining has radically transformed the landscape of the Most Basin (Figure 6). 

An extensive network of open-pit mines, dozens of meters deep, has been created there. Once 

mining operations cease, these areas are subject to reclamation, which takes various forms 

depending on local substrate conditions and land-use objectives, including forestry, agriculture, 

hydric reclamation or succession. Mining also disrupted the hydrological regime, for example, in the 

city of Most it was necessary to continuously drain water, which lowered the groundwater level, and 

after pumping ceased, new lakes began to form in the pits, such as Lake Most, 71 metres deep, 

which was gradually flooded between 2008 and 2020. (Lipský, 2022; DIAMO, 2025). 

From a geological perspective, overburden consists primarily of Tertiary clays, claystones, and 

sands. In some places, gravel layers overlie Quaternary loess and the original topsoil. The topsoil 

was temporarily removed during mining and later returned. However, in most reclaimed areas, we 

encounter anthropogenic soils. These soils were formed by mixing of materials from various depths 

and they differ significantly in structure and properties from the original agricultural soils. They are 

often physically unbalanced—the alternation of heavy clayey materials with permeable sands 

causes an uneven water regime. These soils tend to be poor in nutrients and organic matter and are 

characterized by extreme chemical properties. Acidity is a particularly serious problem: sulphides 

(especially pyrite in coal shales) are commonly found in exposed rocks, which oxidize into acidic 

sulphate compounds. This leads to a sharp drop in pH, often below 4, and to the release of 

hazardous elements into the soil. Consequently, extremely acidic and phytotoxic substrates form on 

many spoil heaps in the Most Basin, which results in the withering of sensitive plants, leaf chlorosis, 

and overall stunted vegetation growth (Řehoř et al., n. d.). 

Another notable phenomenon, on the other hand, is the salinization and alkalization of some spoil 

heaps. At the Nástup Tušimice quarry, the overburden, in some places, contained gypsum, which, 

combined with the influence of limestone fly ash, led to increased soil salinity and an extremely 

alkaline pH. Highly alkaline substrates are also unsuitable for most plants—they cause a deficiency 

of available micronutrients and require subsequent chemical neutralization during reclamation efforts 

(Řehoř et al., n. d.). 

A distinctive feature of the North Bohemian Most basin is that mining takes place at four geologically 

very different sites, which requires a selection of appropriate reclamation methods. At the Bílina open 

pit mine and, to some extent, in Vršany, the greatest problem is posed by the overburden of the coal 

seams. This overburden contains a high proportion of sandy material, but also very high levels of 

coal matter (approx. 5%) and sulphur (approx. 3%). The result is extremely acidic soils, which, when 

present on the surface, create phytotoxic areas requiring special reclamation procedures. 

Conversely, the soils at the Libouš and ČSA sites are generally more suitable. However, even there, 

especially at Libouš, we find substrates with an extremely high clay content. When placed in the 

topsoil horizons of reclaimed areas, these create sterile surfaces whose treatment requirements are 

entirely different from those of the acidic and phytotoxic substrates at the Bílina and Vršany mines 

(Řehoř, 2007). 

This mosaic of geological conditions results in a diverse range of spoil soils with varying properties, 

which form the topsoil layers of both the outer and inner spoil heaps of open-pit mines. This, in turn, 

makes the reclamation of these areas exceptionally challenging, as it must always respect the 

specific characteristics of the particular substrate and location (Řehoř, 2007).
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Figure 6 Actual situation of mining and reclamation in the Most Basin. Source: QGIS
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4.1.2. Geological Development of the Most Basin 

The Most Basin was formed during the Tertiary period, when its development began to take shape 

in the Lower Oligocene as a result of Alpine orogenic movements affecting the Bohemian Massif. Its 

further development was significantly influenced by the uplift of the Ore Mountains, the simultaneous 

formation of the Bohemian Central Mountains and the Doupov Mountains, which manifested 

themselves in a gradual subsidence of the basin floor. These geodynamic processes caused a 

gradual subsidence of the basin floor, which subsequently began to fill with thick layers of sandy and 

clayey sediments of Tertiary age (Grünbaum, 2011; Chlupáček et al., 2002).  

The Lower Miocene was characterized by a warm and humid climate, which created conditions for 

the formation of extensive swamps accumulating organic matter. During the period between 22 and 

17 million years ago, this matter reached a thickness of up to 500 m, and its subsequent diagenesis 

led to the formation of extensive brown coal deposits in the Most Basin. The main brown coal seam, 

reaching a thickness of 25–45 m in most of the area, was formed by the transformation of sedimented 

peat in Tertiary swamps. In places where rivers flowed into the peat-forming environment, coal 

formation was suppressed and the seam is replaced by river or delta sediments (Grünbaum, 2011). 

The end of Miocene sedimentation subsequently resulted in the tectonically induced collapse of the 

basin and its elevation division during the Quaternary period. This period was characterized by 

alternating cold ice ages and warm interglacial intervals, which led to the intensive denudation of 

less resistant rocks and the formation of a relief similar to today's state. While the Žatec part of the 

basin is characterized by a higher contribution of sand and clay, the central area between Litvínov, 

Osek, Duchcov, Lom, and Mariánské Radčice represents the main coal center of the basin 

(Grünbaum, 2011). 

The geological map of Most Basin is in Figure 7, legend in Annex 1.
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Figure 7  Geological map of the Most Basin. Legend in Annex 1. Source: Czech Geological Survey (ČGS) 
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4.1.3. Soil Characteristics of the Most Basin  

• Soil Texture According to USDA Classification 

The soil texture map based on the USDA classification (Figure 8) covers the entire territory of the 

Czech Republic and shows a marked predominance of loamy soils (Loam), depicted in orange 

colour, which form the most extensive areas, particularly in the central part of the country and in 

many of the more fertile lowlands. In higher and more rugged areas, Silt-Loam and Clay-Loam soils 

(green and light green shades) predominate, occurring continuously, for example, in the border 

mountain ranges. In several locations, particularly towards the northeast, southeast, and in local 

enclaves, Sandy Loam and Loamy Sand (pink and gray-blue areas) also occur, often in smaller, 

irregular blocks. In some places, smaller occurrences of Silt and finer textures such as Silty Clay 

Loam are also evident, although these types do not form extensive continuous units. The overall 

picture of the map thus shows that the Czech Republic is pedologically diverse, but loamy soils are 

the dominant texture, while fine-textured and sandier soils occur primarily in peripheral or 

geologically specific areas. 

The same assessment applies to the Most Basin area; loamy soils (Loam) dominate, in this case 

primarily in the Ore Mountains range. Silt-Loam and Sandy Loam features are visible only from the 

foothills of the Ore Mountains. Silt and Silty Clay Loam are also visible in some places. 

 

Figure 8 Texture USAD Class for Czech Republic. Source: esdac.jrc.ec.europa.eu 

• Pedological Map from the Czech Geological Survey 

The pedological map (Figure 9; legend in Annex 2) of the Most Basin shows a highly heterogeneous 

soil cover, reflecting the diverse composition of sediments and topography, as well as intensive 

human intervention. The central part of the basin is dominated by loamy or clay-loamy soils formed 

on loess and loess clays, which constitute the most fertile parts of the landscape. In areas with 

tertiary lake sediments or clayey coal-bearing layers (4.1.2), heavier clay soils prevail, often with 

poorer permeability. Around spoil heaps and reclaimed areas, anthropogenically formed soils of 

variable composition are evident, there texture depends on the type of deposited material. 

Compared to the lowland basin, the adjacent Ore Mountains range exhibits a markedly different 

pedological profile. The soils here are predominantly sandy-loamy to loamy cambisols, developed 

on acidic crystalline rocks which are typical for this mountain range. With increasing elevation, 

skeletal soils become more common, these are prone to higher erosion and have lower fertility. Along 

the foothills of the Ore Mountains, a clear transition is evident between the fine-textured soils of the 

Most Basin and the coarser, more podzolized soils of the mountain range. In general, it can be said 

that the Most Basin is pedologically composed primarily of loamy textures, while the Ore Mountains 

transition into sandy, skeletal mountain soils.  
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Figure 9 Pedological map of the Most Basin. Legend in Annex 2. Source: Czech Geological Survey (ČGS) 
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4.1.4. Reasons for Selecting Sites of Interest in the Most Basin 

The majority of the Most Basin is formed by the largest brown coal deposits in the Czech Republic. 

Soil dysfunctions there are present in areas left to natural succession and on already technically 

reclaimed surfaces (as mentioned in D3.2). The Radovesice and Střimice spoil heaps are typical 

examples of this condition and were selected to illustrate the diversity of soil types, different 

approaches to reclamation, and varying degrees of phytotoxicity. 

Both monitored spoil heaps are located outside the Ore Mountains belt, and therefore no input of 

metamorphites occurs here, nor does subsequent soil contamination by arsenic (a risk in the areas 

of the ČSA mine and Doly Nástup Tušimice), which would otherwise automatically exclude 

agricultural reclamation, particularly food production due to the accumulation of this hazardous 

element in biomass. Nevertheless, the area cannot be considered suitable even for energy crop 

cultivation. The main limiting factor is the risk of contaminated residual waste which would arise 

during subsequent biomass processing, where the environmentally safe management would pose a 

significant challenge. Potential use of these sites could therefore only be considered in the case of 

targeted phytoremediation measures. However, within the framework of the given project, this option 

can only be regarded as a secondary or supplementary objective, not as the primary one. 

Sufficient long-term data and research results are available for both spoil heaps, enabling a qualified 

assessment of their properties and development trends. A particularly important source of 

information is the documentation and outputs from the REECOL project (RFCS-funded “Ecological 

Rehabilitation of post mining areas”, 2022–2025), upon which the COFA project can build and 

partially refer to within the relevant scope. 

The Střimice site (former Ležáky mine) represents an exceptionally heterogeneous area burdened 

by a wide spectrum of soil dysfunctions, including erosion, acidification, and phytotoxicity. In the past, 

numerous reclamation interventions of varying types and success rates have been carried out here, 

including the application of reclamation additives (particularly bentonite from the Red Hill quarry), 

tree planting with variable outcomes, agricultural and hydric reclamation, measures with a 

recreational function, and the leaving of certain areas to spontaneous succession. This combination 

of different interventions, soil conditions, and developmental trajectories makes the Střimice site an 

exceptionally valuable area for experimental and long-term research, which is already receiving 

increased professional attention. 

Selected parts of the area exhibit soil properties comparable to those in certain parts of the ČSA 

mine area, which is currently being prepared for restoration primarily through spontaneous 

succession. At the same time, research focused on the cultivation of the potential energy crop 

Miscanthus × giganteus is already underway here, allowing the Střimice site to serve as a reference 

and comparative area for evaluating the effectiveness of various reclamation and management 

approaches in similarly challenging experimental conditions. 

The Radovesice spoil heap ranks among the most significant reclaimed and successional sites in 

the Czech Republic, with long-term documented positive results. Although certain dysfunctions occur 

here, they are less pronounced compared to the Střimice site. The site demonstrates considerable 

potential for agricultural reclamation, which has already proven successful in practice. Thanks to the 

achieved stability of the soil environment and the successful outcomes of previous interventions, the 

Radovesice spoil heap can serve as a reference site for evaluating the feasibility and success of 

experimental solutions under comparable conditions. 

Both spoil heaps thus represent a striking and methodologically valuable contrast. On one side 

stands the Střimice spoil heap, characterised by a high degree of soil dysfunctions and phytotoxicity, 

posing a significant challenge for meaningful and sustainable land use. On the other side lies the 

Radovesice spoil heap, which has shown promise from the outset, has been successfully reclaimed, 

and currently exhibits optimal conditions for agricultural use. 
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Also noteworthy is the fact that the straight-line distance between these two fundamentally different 

sites is approximately seven kilometres (in a straight line). This clearly illustrates the remarkable 

spatial variability of the Most Basin landscape, heavily influenced by mining activity, and emphasizes 

the importance of locally specific reclamation approaches. 

The variability of these sites was deliberately chosen to enable the evaluation of various forms of 

post-mining soil dysfunctions and to gain a broader overview of potential issues not only in the 

monitored areas but across the Most Basin as a whole. 

The fact that both sites have already undergone some phase of reclamation or spontaneous 

succession makes it possible to assess their current development and evaluate whether and if, under 

certain conditions, they could be suitable for energy crop cultivation in the future. Both areas with 

minimal dysfunctions and those burdened by severe dysfunctions must be considered, as even 

severely dysfunctional soils may, following targeted reclamation measures, acquire specific 

productive potential. In some cases, the potential is even higher on severely dysfunctional sites than 

on less dysfunctional sites which are primarily designated for food production. 

• Factors Influencing Site Selection – Topografy, Land Surface Temperature and 

Character of the Areas 

The Kopisty spoil heap, Hornojiřetín spoil heap, the internal spoil heap of the Vršany mine, and the 

adjacent Březno spoil heap are characterised by pronounced slope gradients and significant terrain 

relief (Figure 10; Figure 11; Figure 12). It is also evident that the spoil heaps in the vicinity of the 

Vršany mine exhibit elevated land surface temperature (LST) values, as is likewise apparent at the 

Nástup Tušimice and ČSA mine sites and their surrounding spoil heaps (Figure 13). For these 

reasons, the aforementioned areas were excluded from the selection of the most suitable post-

mining sites for agricultural production. 

The Nástup Tušimice and ČSA mine sites are furthermore problematic regarding their location at the 

foot of the Ore Mountains (Figure 11), from which metamorphites via runoff. As a result, there is an 

elevated probability of arsenic soil contamination in these areas, which further disadvantages their 

use for agricultural purposes. 

Although the Pokrok and Fučík spoil heaps do not exhibit significantly elevated LST values and their 

slope gradients are not critically limiting (the terrain relief of the Fučík spoil heap is somewhat more 

varied) (Figure 13; Figure 11; Figure 10), these sites have already largely undergone substantial 

reclamation interventions. At the same time, only a limited number of suitable successional areas 

are present here, which were also subject to analysis within the framework of the project. 

At the Pokrok site, a succession area of steppe character is present. However, its topographic 

conditions are not particularly suitable for the intended use (Figure 11). A successional area is also 

identified at the Fučík spoil heap, characterised by dense vegetation cover, similarly to a 

considerable part of the spoil heap itself. It would therefore be undesirable for the purposes of the 

project to disturb or destroy this relatively stabilised and ecologically valuable area.
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Figure 10 Slope of the Kopisty, Hornojiřetín, and Březno spoil heaps and Internal spoil heap of Vršany mine. Source: QGIS 
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Figure 11 Topography of the terrain of Most Basin with indicated spoil heaps. Source: QGIS 
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Figure 12 Elevation of the Most Basin with localization of spoil heaps. Source: QGIS 
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Figure 13 Land surface temperature of Most Basin with indicated spoil heaps, September 2025. Source: QGIS, landsatlst.appspot.com
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4.1.5. Study area 1: Radovesice Spoil Heap 

4.1.5.1. Characteristics of Radovesice Spoil Heap 

The Radovesice spoil heap (Figure 14) is the largest spoil heap of the Severočeské Mines company. 

The construction of the dump began in 1964, and the placement of overburden was completed in 

2003. Nowadays technical reclamation is practically completed. The pedological characteristics of 

the overburden soils at the Bílina quarry, deposited on the surface of the spoil heap, were highly 

unfavorable. The area was dominated by sterile sands that posed a safety hazard; to a lesser extent, 

there were dusty clays, and in rare cases, phytotoxic soils from stratified layers were present (Fraštia 

and Řehoř, 2014; Řehoř, 2022). 

The first phase of the Radovesice spoil heap reclamation began in 1986 with the afforestation of a 

30-hectare area (Fraštia et Řehoř, 2014; Řehoř, 2022). Marls were used to create a root zone. The 

spoil heap consisted of unsuitable overburden clays and quartz sands containing pyrite admixtures 

(Luxa, 1997). The second phase involved creating extensive marl deposits over an area of 120 ha. 

This was followed by the Radovesice III–Radovesice XVII phases. With the exception of 

experimental plots that were left to natural succession (Radovesice XVII), marl was used in all cases 

to create a rooted horizon (Fraštia et Řehoř, 2014; Řehoř, 2022). 

Two sites covering 20 ha and 32 ha (Radovesice XVIIA and Radovesice XVIIB) were established as 

experimental sites for natural succession. Currently, these are long-term succession monitoring sites 

in the Most Basin and among the largest in the Czech Republic. On the reclaimed areas of the 

Radovesice spoil heap, forestry reclamation and other types of reclamation predominate, due to the 

creation of a recreational area for the town of Bílina. Agricultural reclamation is focused on the older, 

adjacent Jirásek spoil heap (Fraštia et Řehoř, 2014; Řehoř, 2022). 

The application of marl and marlstone was primarily driven by availability, low costs, and the need to 

stabilize the sandy spoil body. This is not a common method. Consequently, even greater demands 

were placed on the correct methodology for applying marl and marlstone. According to a pedological 

survey, the application rates were adjusted over time. Today, high-quality forest reclamation is 

evident in the Radovesice I and Radovesice VI areas. The choice of reclamation method can be 

considered successful (Fraštia et Řehoř, 2014; Řehoř, 2022). 

The research succession plots were established primarily for the long-term monitoring of naturally 

evolving soil properties. From a pedological perspective, the topsoil horizon of these plots can be 

considered stable, and its quality is similar to that of reclaimed surfaces. However, it should be noted 

that the experimental succession plots were selected based on a thorough pedological survey in 

locations with the highest-quality soils and low sand content (Fraštia et Řehoř, 2014; Řehoř, 2022). 

• Experimental Area Radovesice I 

This is a 30-hectare reclaimed site where marl and marlstone were applied. The site was established 

in 1991 and is the oldest monitored experimental site in the Most Basin. Originally, the site was 

dominated by spoil consisting of sandy clays and sands (Řehoř, 2007). The initial site preparations 

were completed in 1991, and today the site features mature forest reclamation (Fraštia et Řehoř, 

2014; Řehoř, 2022). 

• Experimental Area Radovesice VI  

The 44-hectare reclaimed area was established in the western part of the Radovesice spoil heap. 

Marl was again applied here, and the original soil consisted of sandy loam and sand. Today, the area 

is aesthetically diverse, with a balanced mix of forest reclamation, grass planting, and hydrological 

reclamation (Fraštia et Řehoř, 2014; Řehoř, 2022). 

  



Deliverable no. D3.1    

 

page  28 
 

• Experimental Area Radovesice XVIIA 

This is a northern succession site covering an area of approximately 20 hectares. The dominant soil 

type is a heterogeneous mixture of brown clay, gray clay loam, and gray sandy clay loam with a 

higher content of brown clay. Brown-gray kaolinitic-illitic clays are also found here. The southern 

boundary of the area is formed by so-called sand dunes. Furthermore, there are several small water 

bodies and wetlands, as well as two large natural reservoirs (Řehoř, 2007; Fraštia et Řehoř, 2014; 

Řehoř, 2022). 

• Experimental Area Radovesice XVIIB 

The 32-hectare southern succession plot is similar to the experimental northern succession plot 

(Radovesice XVIIA). In the eastern part, sandy soils are present, which also form the boundary of 

the site. There are natural water bodies and small-scale wetlands here (Řehoř, 2007; Fraštia and 

Řehoř, 2014; Řehoř, 2022). 

• Former Quarry Jirásek 

Adjacent to the Radovesice spoil heap is the older, already reclaimed Jirásek site, where reclamation 

work began as early as 1973. Initially, only the slopes were reforested, primarily due to irregular 

subsidence. In the northern part of the Jirásek area near the village of Světec, 16.5 hectares were 

initially reclaimed; after 1983, afforestation continued on additional slopes covering 52.7 hectares. 

Once the subsidence had ceased, work began on restoring the plains at the individual levels and 

bringing in topsoil. On the first level, 100 ha were restored for agricultural use, and on the second, 

77.6 ha. Silvicultural management is currently underway in the forested areas (Luxa, 1997).  

 

Figure 14 Radovesice spoil heap. Source: QGIS 
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• Applied Reclamation Measures 

Due to unsuitable soil conditions, marl and marlstone were applied, this approach was chosen 

primarily for reasons of availability, low cost, and the need to stabilize the sandy spoil heaps. Since 

this is not a commonly used method, high demands were placed on the proper methodology for 

applying marl and marlstone. Based on long-term monitoring of the entire area, application rates 

were adjusted over time (Řehoř, 2022; Řehoř et al. n.d.). 

Marlstone is a rock that is effectively used, particularly in improving the anti-erosion properties of 

texturally heterogeneous spoil soils in the Bílina region. Compared to, for example, loess clays, marls 

and marlstones have poorer soil properties, which are primarily influenced by a high content of calcite 

and, in unweathered rock, also by the skeleton. Weathered marlstones are mostly moderately to 

strongly water-retentive and weakly to moderately porous (Čermák and Ondráček, 2006). The only 

mined marlstone site in the Most Basin area consists of Cretaceous marlstones forming the 

geological surface of an erosional valley in the bedrock of the Radovesice spoil heap (Řehoř, 2007). 

Today, high-quality forestry reclamation is evident in most of the reclaimed areas. The chosen 

reclamation method appears to be successful. This is currently the only application of marl and 

marlstone in the Most Basin (Řehoř, 2007). If similar post-mining areas face comparable soil 

dysfunctions in the future, the use of marl and marlstone could be considered as an alternative, but 

only after a thorough pedological survey and proper determination of application rates. 

4.1.5.2. Use of Digital Elevation Model of Radovesice Spoil Heap 

The digital elevation model shows that the Most Basin lies beneath the Ore Mountains (Figure 15). 

The Radovesice spoil heap has a significantly more rugged relief in the areas of succession, with 

the most rugged section located in the strip that separates these areas. In contrast, the older, 

predominantly agricultural part of the Jirásek spoil heap is characterized by a predominantly flat 

terrain. 

 

Figure 15 Digital Elevation Model of Most Basin and Radovesice spoil heap. Source: QGIS 
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• Elevation of Radovesice Spoil Heap 

Figure 16 shows the elevation of the Radovesice spoil heap and its surrounding area. The northern, 

reclaimed part of the heap lies at lower elevations, while the successional areas and their 

surroundings are situated at higher elevations. Within the Radovesice spoil heap area, elevation 

does not exceed 400 m a. s. l., the nearest significantly higher point is Kloč Hill, which reaches over 

700 m a. s. l. 

 

Figure 16 Elevation of Radovesice spoil heap. Source: ArcGIS 

• Steepness of Slopes at Radovesice Spoil Heap 

As the digital terrain model suggests (Figure 17), more pronounced slopes appear primarily in the 

succession areas and in their immediate surroundings. The greater slope of the terrain in these areas 

is not surprising, as no terrain modifications have taken place here. A relatively significant slope is 

also evident in the area below the Jirásek spoil heap, even though reclamation of the 'other' type has 

already been completed in this part and the area otherwise has a mostly modified character. 
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Figure 17 Slope of Radovesice spoil heap. Source: ČÚZK, QGIS 

4.1.5.3. Situation at the Radovesice Spoil Heap  

In the northern part of the map (Figure 18) lies the former Jirásek spoil heap, where agricultural 

reclamation now predominates, supplemented by forestry reclamation, hydrological reclamation 

occurs to a lesser extent. The Radovesice spoil heap is primarily in the active phase. Other 

reclamation predominates here, followed by forest reclamation and then agricultural reclamation. 

Smaller water bodies are more prevalent here than at the Jirásek spoil heap. It should be noted that 

the “other” category also includes the experimental succession areas Radovesice XVIIA and 

Radovesice XVIIB. 

 
Figure 18 Land use of Radovesice spoil heap 
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4.1.5.4. Water Conditions of Radovesice Spoil Heap 

• Scene Classification Map of Radovesice Spoil Heap 

The map below (Figure 19) shows a scene classification map. The image clearly shows that 

vegetation dominates the area. Areas without vegetation cover are also visible, though to a lesser 

extent, particularly in the southern and southeastern parts. Small bodies of water are also visible, 

mainly at the edge of the polygon.  

 

Figure 19 Scene classification map for Radovesice spoil heap, September 2025. Source: copernicus.eu, QGIS 

• NDMI Index of Radovesice Spoil Heap 

Figure 20 shows the “Radovesice spoil heap” site visualized using the NDMI (Normalized Difference 

Moisture Index), which reflects vegetation moisture. The colour scale on the left shows NDMI values 

ranging from –0.8 (red/orange) to >0.8 (dark blue). Dark blue areas (higher than 0.24 to >0.8) 

represent vegetation with high water content, i.e., wetter and healthier stands. Light blue to turquoise 

shades (around 0.032) indicates moderate vegetation moisture. Yellow and light orange areas 

(around 0 to –0.032) correspond to dry stands or vegetation with reduced water reserves. Red and 

dark orange areas (NDMI below –0.24) indicate very low vegetation moisture, or surfaces with almost 

no vegetation (bare soil, waste rock, anthropogenic surfaces). The map therefore does not show 

water as such, but rather the health and hydration of the vegetation cover. In the case of the 

Radovesice spoil heap, the pattern shown indicates that a significant portion of the area has low to 

moderate moisture content, while only some parts exhibit significantly moist vegetation (dark blue 

areas). 
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Figure 20 NDMI index for Radovesice spoil heap, September 2025. Source: copernicus.eu, QGIS 

• NDWI Index of Radovesice Spoil Heap 

The map (Figure 21) displays NDWI (Normalized Difference Water Index) values, which are used to 

identify water bodies and wet surfaces. Blue areas (NDWI near 0.8) represent water bodies or very 

wet surfaces—visible on the map mainly as small ponds and retention areas. Green shades ranging 

from 0 to < -0.8 correspond to vegetation and unpaved surfaces with normal moisture levels. Light 

green and very light white areas (NDWI around 0) indicate dry surfaces, such as fields, post-harvest 

meadows, or bare soil. The map thus allows for a clear distinction between water bodies (blue) and 

the surrounding landscape (green) and provides an overview of moisture conditions in individual 

parts of the territory. 

 
Figure 21 NDWI index for Radovesice spoil heap, September 2025. Source: copernicus.eu, QGIS 
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4.1.5.5. Urban Pressure of Střimice Spoil Heap 

• HRL Imperviousness of Radovesice Spoil Heap 

On the map (Figure 22) the impervious areas are highlighted in dark red, while the surrounding 

landscape (forests, meadows, fields) is shown in various shades of green. The dark red clusters 

correspond to urban and suburban development, roads, and other artificial surfaces. The highest 

concentration is visible in the centre of the map, where the main urbanized core of the city of Bílina 

is located. Smaller red areas scattered across the landscape represent smaller surrounding villages, 

industrial facilities, or local built-up areas. Green areas indicate natural or undeveloped territories, 

such as forests, fields, meadows, or open spaces. The map thus allows for a quick assessment of 

the extent of urbanization, the density of development, and the distribution of impervious surfaces 

within a given area. 

 

Figure 22  HRL Imperviousness for Radovesice spoil heap. Source: copernicus.eu 
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4.1.5.6. Vegetation Conditions of Radovesice Spoil Heap 

• NDVI Index of Radovesice Spoil Heap 

Figure 23 shows a map based on NDVI (Normalized Difference Vegetation Index) values, which 

indicate the abundance and vitality of vegetation. Dark green areas (NDVI around 0.6–1) represent 

dense, healthy vegetation, likely forest stands or fully established lawns. Lighter shades of green 

(NDVI 0.2 to approx. 0.4) correspond to sparser vegetation, agricultural areas, or recently 

mowed/cultivated areas. These areas are most prominent in the southeastern part of the study area 

of the Radovesice spoil heap. Yellow to light gray areas (NDVI around 0 to -0.1) indicate minimal 

vegetation cover, such as dry meadows, roads, or disturbed areas. Dark gray to black areas (NDVI 

-0.2 to -1) are areas without vegetation cover, such as water bodies, roads, or other artificial surfaces. 

For the area of interest, the gray to black areas represents small water bodies. It is evident that the 

Radovesice spoil heap is dominated by denser vegetation cover, i.e., values in the range of NDVI 

0.2–1. 

 
Figure 23 NDVI index for Radovesice spoil heap, September 2025.  Source: copernicus.eu, QGIS 

• BSI Index of Radovesice Spoil Heap 

The BSI map (Figure 24) displays the Bare Soil Index values for the Radovesice spoil heap and its 

surroundings. The study area is dominated by values in the range of −0.28 to −0.02 (medium green) 

and −0.02 to 0.23 (light green/turquoise), indicating a prevailing vegetation cover with limited bare 

soil exposure. Light beige areas with values of 0.23–0.49, corresponding to partially exposed soil or 

sparse vegetation, are scattered across the polygon, with a more pronounced occurrence in the 

central and eastern parts of the heap. Areas with values above 0.49 (brown), representing the 

highest bare soil fraction, are largely absent within the polygon. Dark green areas (≤ −0.28), 

indicating dense vegetation or moisture, are visible particularly in the northern part of the study area. 

Overall, the BSI confirms that the Radovesice spoil heap is well vegetated, with only localised 

patches of bare or sparsely covered soil, consistent with the advanced stage of reclamation at this 

site. 
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Figure 24 BSI for Radovesice spoil heap, September 2025. Source: QGIS, copernicus.eu 

4.1.5.7. Proposed Areas for Energy Crops on the Radovesice Spoil Heap 

From the available map data, it follows that the most suitable location appears to be the one situated 

in the southern to southeastern part of the area of interest (Radovesice XVI), that is, in the lower half 

of the maps. This is a section where “other” reclamation is planned in the future (Figure 18), which 

is suitable for these purposes. The NDMI index shows medium moisture values (light blue to green 

shades) (Figure 20). The area is therefore neither too wet nor too dry. At the same time, the NDWI 

index indicates that the nearest water bodies are in Radovesice XVIIB (Figure 21). However, the 

available aerial images also record a water body near the selected area of interest (Figure 14). The 

NDVI index shows medium vegetation cover without dark green forest stands (Figure 23). The dense 

vegetation cover would be a shame to remove for the cultivation of energy crops, because such 

areas exhibit too favourable properties, which are more suitable for food cultivation or for leaving 

forest stands. 

In contrast, areas with too low vegetation cover do not appear suitable either, as soils might be too 

degraded, indicating low water availability. It is advisable to choose the NDVI index – predominantly 

“moderately” green, which means classified as vegetated agricultural land without extreme 

deforestation. DEMG5G indicates a slope primarily on the eastern side of the area (Figure 15-Figure 

17), which in the future can also serve as an anti-erosion measure. HRL Imperviousness indicates 

that there is no urbanization in the immediate vicinity (Figure 22). There are only roads nearby, and 

the closest city with high human activity is Bílina. It is located from the northwest to the west side of 

the selected area. The chosen area is neither too wet, nor too dry or disturbed, and at the same time 

it is not forested or situated on a steep slope, which makes this area optimal for growing energy 

crops. 

Another suitable option is a plot of land located in the eastern part of the spoil heap, which has a 

boomerang shape (Radovesice IX) (Figure 18). In the future, the plot is planned for agricultural use 

which makes it a promising alternative. The NDWI index here reaches moderate values (light blue 

to turquoise) (Figure 21), so the area is neither dry nor excessively wet. Conversely, the NDVI index 

shows high values, indicating the vegetation is in a good condition (Figure 23), which is also 

confirmed by the Scene classification map (Figure 19). BSI index also shows that the spoil heap is 

relatively densely covered with vegetation, which confirms advanced forest reclamation in the 
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surroundings (Figure 24). The slope and overall topography of the terrain are favourable (Figure 15-

Figure 17). The nearest human settlements are at a sufficient distance. The closest to the area is 

the village of Kostomlaty pod Milešovkou. 

4.1.6. Study Area 2: Střimice Spoil Heap 

4.1.6.1. Characteristics of Střimice Spoil Heap 

The Střimice spoil heap is located near the town of Most (Figure 25) and was established between 

1959 and 1973 (Řehoř et al. 2024). The spoil heap is divided into two parts. The first successional 

part, covering an area of 2 ha, is the peripheral area of the Střimice landfill. The second part of the 

Střimice spoil heap is a reclaimed area covering 10 ha. Research began here in 1992 (Řehoř, 2007). 

• Experimental Area Střimice I  

The experimental plot Střimice I, with an area of 2 ha, was enclosed in a small, uncultivated 

peripheral part of the Střimice landfill. Research on it has been ongoing since 1998. The predominant 

soil type is a heterogeneous mixture of overlying soils from the coal seams of the Bílina surface 

mine. Sandy-clay loams and sands with a significant admixture of coal and siderite also dominate 

here. The area is extremely acidic and phytotoxic. On the surface, a remarkable development of 

erosion rills with a depth of up to several meters is visible. The extremely acidic nature of the 

environment creates inhospitable conditions for vegetation. Therefore, its representation is minimal, 

but rare acidophilic species may occur here (Řehoř, 2007). 

• Experimental Area Střimice II 

The experimental area of Střimice II is located on the upper part of a reclaimed landfill where 

bentonite was used. It is an experimental area covering 10 hectares. Research here began in 1992. 

Bentonite was applied here to improve the surface of unsuitable, phytotoxic landfill soils and to create 

a rooting soil horizon. At the same time, forest reclamation was carried out here (Řehoř, 2007).  

In the past, forest reclamation without previous special surface preparation also took place on the 

Střimice spoil in the area of the M. Gorkij I. mine in 1967. However, due to toxic substances that 

penetrated into the surface zone, the planting mostly died out. At the same time, significant erosion 

negatively affected the spoil heap. In 1974, reclamation work was resumed. Bentonite from the 

nearby Red Hill quarry was spread on the surface in fifty-centimeter layers. After plowing, the area 

was grassed and later reforested. In 1988, an agricultural reclamation was built on the spoil heap 

plain. A total of 80 ha was forested, and 63 ha of fields were created, and on a prepared area of 26 

ha a new airport was built (Luxa, 1997). 

Near the village of Braňany, on the old spoil heap of Svoboda quarry, which was closed in the 1960s, 

both agricultural and forestry reclamation were carried out. However, due to the extreme acidity of 

the sandy soils on the surface of the spoil heap, a later adjustment of the top horizon was made by 

incorporating loess soils (Luxa, 1997). 
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Figure 25 Střimice spoil heap. Source: QGIS 

• Applied Reclamation Measures 

Bentonites are rocks of Tertiary age that have versatile reclamation uses, primarily in improving the 

chemical, physical, and anti-erosion properties of soils (Čermák and Ondráček, 2006). The only 

significant area where bentonites can be found is in the Most Basin, and they are extracted on the 

Braňany site near the town of Most and Rokle near Kadaň (Řehoř, 2007; Čermák and Ondráček, 

2006). These are rocks that retain water very well, are highly porous, and when mixed with other 

spoil soils, they also exhibit considerable loosening ability (Čermák and Ondráček, 2006). In the 

history of Czech reclamation, this was the first significant use of bentonites as a reclamation additive. 

However, their application for future purposes is limited due to high financial costs (Řehoř, 2007). 

Loess clays are an important category of selectively hidden soil-forming substrates of Quaternary 

origin. The carbonate content in “true” loess reaches more than 5%, while in loess clays it is less 

than 3%. Loess clays in the Most Basin are characterized by a higher content of physical clay, and 

in this territorial region they also constitute the most significant category of fertile soils used primarily 

for forestry reclamation. The soils are structureless, retain water well, and are rather less porous 

(Čermák and Ondráček, 2006). Loess and loess clays form discontinuous layers in the forefields of 

the Bílina and Vršany surface mines. In terms of both reserves and quality, the situation is better in 

the Vršany area. Loess layers reach a thickness of 1–2 m, exceptionally 8 m. Significant loss 

reserves were also identified in the forefield of the former Chabařovice surface mine near the city of 

Ústí nad Labem. However, hydraulic reclamation has taken place here, so this deposit is no longer 

of interest (Řehoř, 2007). 

4.1.6.2. Use of Digital Elevation Model at Střimice Spoil Heap 

From the topographic relief map (Figure 26), it is clear the greatest diversity of terrain forms occurs 

around the Střimice spoil heap, especially in the area of the bird conservation area, covering 251 ha, 

which was established in 2025. A more varied relief is also evident on the eastern to southeastern 

edge of the spoil heap. Light (white) colour tones on the map represent higher elevations, for 

example, the Na Skalice peak near the quarry. 
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Figure 26 Digital Elevation Model of Most Basin and Střimice spoil heap. Source: QGIS 

• Elevation of Střimice Spoil Heap 

Figure 27 illustrates the elevation of the Střimice spoil heap. The western part of the heap is situated 

at a lower elevation, while the eastern part lies at an elevation exceeding 300 m above the sea level. 

The highest points in the surrounding area are Špičák Hill (400 m a.s.l.) and Zlatník Hill (520 m a.s.l.). 

Overall, the Střimice spoil heap is located at a higher elevation than the Radovesice spoil heap, 

although the difference is not significant. 

 
Figure 27 Elevation of Střimice spoil heap. Source: ArcGIS 



Deliverable no. D3.1    

 

page  40 
 

• Steepness of Slopes at Střimice Spoil Heap 

From the terrain slope map (Figure 28), it is evident that the lowest angle of the slope is in the 

southeastern part of the area, where Most airport is situated. Moderately sloped terrain is mainly 

present in the bird conservation area. The steepest slopes appear on the edges of two medium-

sized water bodies – Braňany sandpits and, also near the Red Hill quarry. It is also worth mentioning 

the significant steep slope around Lake Most, which lies outside the marked polygon, and which was 

created by flooding of the former Ležáky quarry. This area is characterized not only by steep slopes 

but also by remarkably developed erosion rills. 

 

Figure 28 Slope of Střimice spoil heap. Source: ČÚZK, QGIS 

4.1.6.3. Situation at the Střimice Spoil heap 

The Střimice spoil heap is characterized by a diverse landscape and varied land use (Figure 29). It 

includes areas designated for agriculture and pastures, as well as extensive regions covered with 

vegetation in the form of forests. Public services are concentrated only in the eastern part, where 

the Most airport is located. Near the polygon, several water features can also be found. Northeast 

lie water bodies of the Braňany sand pits, while a smaller water reservoir can be found northeast on 

the west side. A significant nearby water feature is Lake Most, which was created by flooding the 

former Ležáky quarry. The area also includes a mining area.  
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Figure 29 Situation on Střimice spoil heap. Source: ArcGIS, QGIS 

4.1.6.4. Water Conditions of Střimice Spoil Heap 

• Scene Classification Map of Střimice Spoil Heap 

The map (Figure 30) shows the Scene Classification Map, from which it is apparent that vegetated 

areas dominate the territory again. Similar situation is at Radovesice spoil heap. To a lesser extent, 

non-vegetated surfaces also occur here, especially in the northern to northeastern part of the spoil 

heap. Water bodies in the Střimice spoil heap are represented by only two locations – the Braňany 

sandpits. The dark brown colouring on the map indicates cloud cover captured at the time the image 

was taken. 

 

Figure 30 Scene classification map of Střimice spoil heap, September 2025. Source: copernicus.eu, QGIS 
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• NDMI Index of Střimice Spoil Heap 

The map (Figure 31) captures the area of interest of the Střimice spoil heap and shows the spatial 

distribution of vegetation moisture. The bird conservation area within the spoil heap exhibits 

vegetation with high water content, which is manifested by its predominantly blue colour (NDMI >0.8). 

However, in the immediate surroundings, there are also areas with reduced water supply or dry 

vegetation, which are depicted in yellow and turquoise shades (NDMI 0.032 to -0.032). Very low 

vegetation moisture is especially noticeable in the eastern part of the map, where the Most airport is 

situated. Similarly, the northeastern edge of the spoil heap shows significantly low moisture values 

(-0.24 to < -0.8), which are visible on the map as a red crescent-shaped feature. Overall, it can be 

stated that approximately half of the Střimice spoil heap is covered with vegetation with high water 

content, while the other half exhibits reduced to low water content in the vegetation. 

 

Figure 31 NDMI index of Střimice spoil heap, September 2025. Source: copernicus.eu, QGIS 

• NDWI Index of Střimice Spoil Heap 

The map (Figure 32) illustrates the NDWI index, which is used to identify water bodies and wet 

surfaces. Within the area defined by the polygon, there are two smaller water bodies, known as the 

Braňany Sandpits. Another little water feature is visible in the vicinity of the Most airport, and a small 

water body is also located in the bird conservation area. The immediate surroundings of these water 

bodies predominantly show a landscape character according to the colour scale, meaning drier or 

mixed surface types. A comparison shows that the Radovesice spoil heap is more diverse in small 

water bodies than the Střimice spoil heap. However, its surroundings prominently feature two large 

water reservoirs – The Lake Most and Venuše water body beneath Red Hill. 
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Figure 32 NDWI index for Střimice spoil heap, September 2025. Source: copernicus.eu, QGIS 

4.1.6.5. Urban Pressure of Střimice Spoil Heap 

• HRL Imperviousness of Střimice Spoil Heap 

The map (Figure 33) shows the HRL Imperviousness layer, which identifies artificially sealed 

surfaces, that means, areas covered with asphalt, concrete, buildings, or other impermeable 

materials. These surfaces are highlighted in dark red colour on the map, while nature or agricultural 

areas are shown in various shades of green. The dominant dark red clusters represent the urban 

centres of nearby towns, particularly the extensive built-up area of the city of Most in the central part 

of the map and the adjoining urban structures of Litvínov and Bílina.  

It is also visible that sealed surfaces extend along transport corridors as prominent lines, 

corresponding to the routes of major roads and railways in the area. In relation to the Střimice landfill, 

it is evident that the proportion of artificially sealed areas is minimal in its territory – more typical are 

only roads, service roads, and the infrastructure of Most Airport on its northern edge. The nearest 

larger urbanized structures are therefore mainly formed by the city of Most and smaller settlements 

in the surrounding area, such as Braňany at the foothills of Red Hill. 
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Figure 33 HRL Imperviousness for Střimice spoil heap. Source: copernicus.eu, QGIS 
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4.1.6.6. Vegetation Condition of Střimice Spoil Heap 

• NDVI Index of Střimice Spoil Heap 

The map based on NDVI values (Figure 34), which expresses the amount and vitality of vegetation, 

shows extensive dark green areas with values around NDVI 0.6–1. These values indicate very vital 

vegetation cover, probably composed of forests or dense grasslands. Lighter green shades (NDVI 

around 0.2) indicate sparser vegetation, typical especially for agriculturally cultivated lands. On the 

northeastern edge of the Střimice spoil heap, distinctly light brown-yellow areas with NDVI values 

around 0 appear, indicating minimal vegetation cover. Dark grey areas (NDVI 0 to -0.5) represent 

completely vegetation-free areas, in this case they represent bodies of water. Overall, the Střimice 

spoil heap is characterized by predominantly dense vegetation cover, which is confirmed by 

dominant NDVI values in the range of 0.2 to 1. 

 

Figure 34 NDVI index for Střimice spoil heap, September 2025. Source: copernicus.eu, QGIS 

• BSI Index of Střimice Spoil Heap 

The BSI map (Figure 35) displays the Bare Soil Index values for the Střimice spoil heap and its 

surroundings. The majority of the study area shows values in the range of −0.28 to −0.02 (medium 

green) and −0.02 to 0.23 (light green/turquoise), indicating a predominance of vegetation cover over 

bare soil. Light beige areas with values of 0.23–0.49, corresponding to partially exposed soil or 

sparse vegetation cover, occur locally both within and outside the delineated polygon. Brown areas 

with values above 0.49, representing the highest proportion of bare soil, are visible predominantly 

outside the polygon, in the northeastern part of the map. Dark green areas (≤ −0.28) in the 

southwestern part correspond to a water body. Overall, the BSI confirms that the Střimice spoil heap 

is largely covered by vegetation, with areas of more pronounced bare soil occurring mainly at the 

margins. 
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Figure 35 BSI for Střimice spoil heap, September 2025. Source: QGIS, copernicus.eu 

4.1.6.7. Proposed Areas for Energy Crops on the Střimice Spoil Heap  

One possible alternative use of the studied area for experimental purposes is the phytotoxic site 

located on the eastern edge of the spoil heap. Although the map datasets do not indicate it as an 

ideal location, mainly due to its higher slope and low NDMI and NDVI values (Figure 28; Figure 31; 

Figure 34), parts of this area may be suitable precisely for the purpose of testing the possibilities of 

revegetation and the utilization of highly dysfunctional soils. These strongly dysfunctional sites 

represent typical environments of anthropogenic spoil heap soils, for which it is desirable to assess 

their reclamation potential. While healthy or less dysfunctional soils are more suitable for cultivating 

food-producing crops, highly dysfunctional to phytotoxic soils may be prospectively used for the 

cultivation of energy crops, without competing with agricultural production on high-quality soils. An 

experiment conducted here could therefore contribute to evaluating how such inhospitable locations 

may be restored to functional landscape use in the long term. This can be considered in the 

subsequent D3.4.  

Another proposed plot for cultivating an energy crop is the northernmost of the evaluated locations, 

situated directly on the boundary of the bird park. The NDMI index here shows light-blue to turquoise 

values, corresponding to a medium level of moisture and indicating no significant extremes (Figure 

31). The NDWI index (Figure 32) further confirms the natural landscape character of the site, with 

no signs of excessive waterlogging or drying. Vegetation vitality (NDVI) also falls within a suitable 

range (Figure 34), and the Scene Classification Map confirms the presence of continuous vegetation 

cover in the area (Figure 30). The HRL Imperviousness layer indicates the nearby presence of a 

road, which may facilitate access to the plot (Figure 33). The site is characterized by a gentle slope 

(Figure 28), which should not exceed 7° (2.1.1), remaining within the acceptable limit for standard 

agricultural use. From the perspective of topography (Figure 26; Figure 27), moisture conditions 

(Figure 30; Figure 31; Figure 32), and vegetation cover (Figure 34), the location is therefore relatively 

well suited for the cultivation of energy crops. 
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The third proposed plot suitable for cultivating an energy crop is the westernmost location situated 

at the edge of the spoil heap. The NDMI index here shows medium values (turquoise coloration) 

(Figure 31), indicating balanced moisture conditions without signs of extreme waterlogging or drying. 

The slope gradients in this part of the area generally do not exceed 7° (Figure 28), making the plot 

suitable for continued agricultural use. The HRL Imperviousness product confirms that the area is 

not part of a built-up or technical environment (Figure 33), which increases its suitability for growing 

the target crops. The Scene Classification Map likewise confirms the presence of continuous 

vegetation cover (Figure 30). NDVI values indicate a relatively high vegetation density (Figure 34). 

However, based on aerial imagery (Figure 25) and NDVI values (Figure 34), it is evident that the plot 

is already used for agricultural purposes, meaning that potential cultivation of energy crops would 

not result in the loss of natural or ecologically valuable vegetation cover. The BSI index also confirms 

a greater presence of vegetation, while bare areas occur more at the edges of the spoil heap Figure 

35). 

4.2. Ptolemais Lignite Mining Area (GR) 

4.2.1. General Characteristic of Ptolemais Lignite Mining Area  

The Ptolemais mining area is a complex of lignite surface mines located in the Kozani province of 

Western Macedonia, in Northern Greece (Figure 36). In this region, the lignite mines of Public Power 

Corporation (PPC) have been in operation for the last 68 years, since 1958, and are now in a closure 

phase. It constitutes a large-scale mining operation covering an area of 148 km2 (within the 

environmental permitting limit). During the period 1958-2025, a total of 1.55 billion tonnes of lignite 

have been produced from ten mines for electricity generation and 7,07 billion m3 of rock have been 

excavated. In 2002, lignite production in the Ptolemais mines peaked at 47,24 million tonnes 

(Roumpos et al. 2023). In 2025, lignite production was 5.67 Mt, with excavations of 23.90 million m3 

and a stripping ratio of 3.38 m3/t. During the long period of mining operations, new mines were 

opened, and exhausted mining areas were covered with waste materials from neighbouring mines. 

After 2013, mining operations were gradually but significantly reduced, following the increased 

electricity production from natural gas-fired power stations and renewable energy sources. The 

mining operations were mainly based on the application of continuous surface mining equipment 

(bucket wheel excavators, belt conveyors, and spreaders) in combination with noncontinuous mining 

equipment for specific earthmoving tasks.  
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Figure 36 Location map of the Ptolemais surface lignite mines (end of 2025), including mines’ direction and dates of 
expropriation /resettlement villages (Pavloudakis et al. 2026) 

Simultaneously with the mining activities, extensive environmental reclamation work was underway. 

The reclaimed land has been utilized for various purposes, including the installation of RES. 

Currently, the only two active mines (Mavropigi and South Field) are in a closure phase, and they 

are expected to stop lignite production until the end of 2026, while reclamation works will continue 

until all required activities defined in the mine environmental permitting terms are completed 

(Pavloudakis et al. 2026). Figure 35 depicts the land use allocation along the Ptolemais mining area, 

and the latest reclamation works that have been employed in 2025. The reclaimed land of Ptolemais 

mining area is consisted of forest land (2080.8 ha), agricultural land (808.4 ha), graded areas 

(297.6 ha), graded areas for photovoltaics installation (1023 ha) and lakes (3.9 ha) (Figure 37).  
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Figure 37 Land use allocation map in the Ptolemais mining area (end of 2025) (Technical report of exploitation and reclamation 
works in the Ptolemais mining area, 2025, PPC) 

The methodology for the reclamation of the mining areas is based on the Just Transition Plan, 

according to which the areas inside the decarbonization core and the undisturbed areas will be 

suitably configured depending on the proposed land uses. The reclamation plan for the areas related 

to mining activities will be employed in consecutive annual phases. Each phase starts after the 

release of the mining area and is completed within two years. The reclamation stages are adjusted 

depending on the intended land use for each under-reclamation area. The methodologies followed 

for individual types of reclamation are described according to the Environmental Impact Assessment 

Study of Ptolemais and Amyntaio-Lakkia mines, 2024. 

4.2.2. Geomorphology of the Ptolemais Lignite Mining Area 

Figure 38 and Figure 39 show the general geomorphology of the broader area, as well as within the 

Environmental Permitting Limits of the Ptolemais mining area. The geomorphology of the area is 

characterized by mild slopes ranging from 0 to 6 degrees (Figure 40).  
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Figure 38 Elevation map of the broader area of the Ptolemais mining area where the surrounding villages and mountains are 
depicted 

 

Figure 39 Elevation map of the Ptolemais mining area (Coordinate system: WGS84). Source: Servou et al. 2023. 
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Figure 40 Slope map of the Ptolemais mining area (Coordinate system: WGS84). Source: Servou et al. 2023. 

Figure 41 and Figure 42 present the distribution of the topographic wetness index and stream power 

index (SPI) respectively. As can be seen from the maps, there are small areas inside the mine 

boundary where water flow is concentrated. The spatial distribution of the SPI shows high values in 

the northeast and south-southwest areas of mining activity, where the water runoff and overland flow 

of the Vermion, Askion, and Skopos Mts. are active. 

 
Figure 41 Spatial distribution of TWI with the combinations of two DEMs in 2022 where drainage networks are shown in red 

colour, (Ptolemais Basin, northern Greece). Source: Louloudis et al. 2023. 
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Figure 42 Spatial distribution of SPI with the combinations of two DEMs in 2022 where the high velocity of the streams is 

presented with red values (Ptolemais Basin, northern Greece). Source: Louloudis et al. 2023. 

Figure 43, Figure 45 and Figure 46 present the distribution maps of NDVI, NDWI and MNDWI where 

the maximum vegetative coverage is presented. Typically, high NDVI values illustrate younger and 

healthier vegetation, while low values correspond to a lack of vegetation. According to Figure 43, the 

area of the outside waste dumping, i.e. the northern part of the South Field Lignite mine, has a 

vegetative cover due to the mine restoration activities. Strong evidence of young and healthy 

vegetation also appears in the cultivated agricultural land, as shown in the southern area of the South 

Lignite Mine. Figure 44 shows the NDVI allocation in August 2025 where bare soil is emerged with 

small patches of trees with the highest values of density observed in the surrounding crop cultivation 

areas. The NDWI in Figure 45 shows the water features which are accumulated in locations with a 

high potential for inundation, while Figure 46 shows an improved NDWI, without noise from the urban 

areas. Figure 47 shows the sites which are covered by ground with sparse vegetation with small 

concentrations of water bodies that seem to be rich in sediment. The light-colored areas show activity 

or waste concentration from past activity. 
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Figure 43 Spatial distribution of NDVI in July 2022 (Ptolemais Basin, northern Greece). Higher values of NDVI suggest healthy 

and dense vegetation while lower values non-vegetated-surfaces. Source: Louloudis et al. 2023  

 

Figure 44 NDVI index for Ptolemais mine. Source: Copernicus. 
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Figure 45 Spatial distribution map of NDWI, December 2021 (Ptolemais Basin, northern Greece). Water features are 

represented by dark blue colour. Source: Louloudis et al. 2023 

 
Figure 46 Spatial distribution map of MNDWI, December 2021 (Ptolemais Basin, northern Greece). Water features are 

represented by dark blue colour. Source: Louloudis et al. 2023.
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Figure 47 NDWI index for Ptolemais mine (August 2025). Source: Copernicus. Figure 48 NDMI form Ptolemais mine (August 2025). Source: Copernicus. 
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The NDMI was used to determine vegetation water content by calculating the ratio between the NIR 

and SWIR. The area of Figure 48, as expected, display low to moderate moisture levels with higher 

levels in the surrounding crop cultivating areas. In addition, the water bodies found within the mines 

also feature low levels of moisture due to high sediment concertation. 

Figure 49 presents the Land Surface Temperature spatial distribution map in July 2022, where high 

temperatures are observed inside the mine sites. The mean temperature value was 34 °C, while the 

temperature recorded at that time ranged from 9 to 45 °C.   

 
Figure 49 Spatial distribution of temperature in July 2022 (Ptolemais Basin, northern Greece). The area of mining activities is 

shown. Source: Louloudis et al. 2023. 

The mapped Soil Moisture Index (SMI) distributed values (Figure 50) illustrate spots of high soil 

moisture values (the blue areas), in the areas outside the mine, representing agricultural land cover. 

The area outside of the waste rock dumping, i.e., north of the South Lignite Field and within the 

boundary of mining activities, also has high soil moisture. This is due to small forests as land cover, 

which were build up over the past years of reclamation activities. 
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Figure 50 Spatial distribution of SMI in July 2022 (Ptolemais Basin, northern Greece). High soil moisture values are indicated 

by blue colour, representing agricultural fields and forests. Source: Louloudis et al. 2023. 

The slope length (LS) and steepness factor are indicators which calculate the soil erosion based on 

Digital Elevation Model (DEM). The distribution of LS values Figure 51 for Ptolemais area indicates 

that water discharge is evident only in the mountains. At the same time, lower calculated values are 

scattered inside the boundary of the mining activity and in the agricultural area outside the mines. 

An important issue is the weathering intensity, which is more pronounced around Vermion Mtn. 

 
Figure 51 Spatial distribution of LS where high erosion is indicated by red colour (Ptolemais Basin, northern Greece). Source: 

Louloudis et al. 2023. 
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4.2.3. Geology of the Ptolemais Lignite Mining Area 

From a geological point of view, the Ptolemais lignite basin is dominated by E-W trending normal 

Quaternary faults (Delogkos et al. 2018). The Ptolemais Basin covers a surface area of 

approximately 600 km2. The longitudinal axis of the lignite segment of the Ptolemais Basin, with an 

NW-SE direction, exceeds 20 km in length, while the maximum width reaches about 20 km. The 

basin is filled with Late Miocene to Pleistocene Lake sediments, including intercalated lignites and 

alluvial deposits with a total thickness of up to 600 m. conglomerates. Above lay Quaternary 

conglomerates of terrestrial and fluvioterrestrial origin (Krassakis et al. 2022) (Figure 52-Figure 54). 

 
Figure 52 Part of the geological map of Greece. Source: H.S.G.M.E. Geoportal, https://geoportal.eagme.gr/geolmaps/. 

https://geoportal.eagme.gr/geolmaps/
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Figure 53 Simplified geological map of the Ptolemais area, located NW and SE of the city of Ptolemais (based and modified on 
Institute of Geology and Mineral Exploration (IGME) geological sheet, Ptolemais 1:50.000. Source: Koukouzas, 1997. 

4.2.4. Agricultural Suitability Assessment  

In the work of Servou et al. (2023), a land-use suitability assessment was employed for the Ptolemais 

mining area, considering topographic criteria and some mining characteristics. The geospatial 

analysis was employed for four land uses (agriculture, forest, industrial, and recreational), and the 

topographic criteria included slope, elevation, distance from the road network, distance from villages, 

distance from rivers, and distance from transmission lines. In the phase of assessing only the 

topographic criteria, relative importance was assigned to each criterion, and they were overlaid in a 

GIS environment to determine suitability for each land use. The preliminary suitability assessment 

was expressed from a rating scale from 1 to 5 (very low suitability to very high suitability). The 

agricultural land-use suitability allocation map is shown in Figure 54. 
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Figure 54 Agricultural suitability map within the Ptolemais mining area based on six topographic criteria. 

The suitability for agricultural cultivation in the Ptolemais mining area is monitored diachronically 

through an extensive monitoring program employed by PPC and includes laboratory analyses 

concerning the following parameters:  

• Available forms (diethylenetriaminepentaacetic acid-DTPA) after micronutrient extraction are

used to estimate

• The potential soil availability of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn.

• Alternative Cations (Ca2+, ESP, K+, Mg2+, Na+, Cation Exchange Capacity)

• Nutritional ingredients (Corg, available B, available K, available P, NH4
+, NO3, organic

substances)

• Mechanical Parameters (granulometric composition-content in sand, clay, silt)

• Total quantities with royal water (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn)

• Physicochemical properties (CaCO3, electric conductivity E, and Ph saturation)

The map of Figure 55 shows the soil monitoring sites that PPC currently employs for the 

abovementioned parameters to investigate soil suitability for agricultural use. Areas that were 

previously used for agriculture and now host other land uses were also monitored, but they are not 

depicted on this map.  
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Figure 55 Soil sampling sites that are currently monitored for agricultural land use.  

Earlier research by Papadopoulos et al (2015), investigated the soil quality of reclaimed areas and 
from sites of the greater mining area. The results showed good soil conditions, with no exceedance 
of the screening values determined by the regulations. 

Furthermore, a specific area in the Ptolemais mining area is being monitored within the REECOL 
project (https://reecol.komag.eu/), which is in progress, where soil parameters are being investigated 
for their suitability for agricultural cultivation. This area is already reclaimed, with agricultural land, 
including arable land (e.g., barley), forest (e.g., acacia), and an orchard (apple trees, cherry trees, 
etc.). The laboratory analyses focused on micronutrient concentrations, mechanical properties 
(granulometric composition), physicochemical properties, and analyses to determine the soil’s 
carbonate content and fertility.  

The reclamation projects in the Ptolemais mining area are employed in parallel with the mining 
activities. The land-use suitability assessment in a mining area is a multidimensional problem, as 
mining operations are dynamic, and the respective areas are always susceptible to change. For this, 
it is considered that mathematical models should be combined with industrial knowledge to obtain 
more realistic results.  

4.2.5.  Selected Study area: North Field mine  
The selected study area constitutes the dumping area of the exhausted North Field mine and covers 
0.61 km2. The area is covered by waste dumps 100 m thick. It concerns a non-reclaimed area where 
the configuration and the topsoil and clayey material cover have not yet been completed. 
Furthermore, this area is close to an area where byproducts (ash and gypsum) from the power plant 
Ptolemaida V Figure 56) are deposited. This area is intended mainly for agricultural and other uses, 
so it could be examined for energy crop cultivation and further analysis in the framework of the COFA 
project. In the broader northern area of the selected polygon, the land where the photovoltaic park 
is located was previously used for agriculture. Servou et al. (2023) employed a geospatial suitability 
analysis for several post-mining land uses in the Ptolemais mining area, and the analysis showed 
that the selected polygon falls within the suitable area for agricultural land use. In addition, the 
selected area is  close to water boreholes, indicating that the  water supply would be easy.   On  the  

https://reecol.komag.eu/
https://reecol.komag.eu/
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southern side of the selected area, the already reclaimed orchard is also supplied with water from 

the broader area's water boreholes. Regarding the origin of the dumping materials, these have come 

from several sites in the mining area and consist mainly of marls, sands, and clays.  

Figure 56 The polygon delineation of the study area in Google satellite basemap 

4.3. Konin Lignite Basin (PL) 

Additionally, this report includes a partial assessment of the Konin Lignite Basin and its potential for 

agricultural reclamation. The Konin region was selected due to its long history of lignite mining and 

its extensive experience in post-mining land reclamation, particularly in agricultural. 

The Konin Lignite Basin in central Poland is a mature mining region now entering an intensive 

reclamation phase, with strong emphasis on water, forest and agricultural land uses (Kasztelewicz 

et al., 2025; Gilewska et al., 2018; Frydrychowicz et al., 2024; Kasztelewicz 2014). Long-term 

research in Konin shows that, with appropriate treatments, post‑mining technosols can reach good 

physical properties and agricultural productivity, which supports the aim to justify agricultural 

reclamation at regional and site scale (Gilewska et al., 2018; Kołodziej et al., 2016). 

4.3.1. General Characteristic of the Konin Lignite Basin 

Konin is widely regarded as the cradle of Polish lignite mining, with exploitation probably starting in 

the 12th century and industrial open‑cast mining developing in the mid‑20th century (Kasztelewicz 

et al., 2025; Frydrychowicz et al., 2024). In 12 opencasts, about 646–650 million tonnes of lignite 

were extracted, requiring removal of ~3.5-3.6 billion m³ of overburden and pumping >6 billion m³ of 

water (Kasztelewicz et al., 2025; Frydrychowicz et al., 2024). This created a highly transformed 

anthropogenic landscape (Figure 57) of external dumps, deep final pits and mining lakes, now 

subject to multi‑directional reclamation (water, forest, agriculture, recreation). Konin is also a national 

leader in reclamation surface: by 2010, ~3909 ha were reclaimed to agriculture and 2402 ha to forest, 

plus large hydrological and recreational areas (Figure 58; Kasztelewicz 2014). 
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Figure 57 Mining operations and deposits in Konin Lignite Basin. Source: Bajcar et al., 2020; Kasztelewicz et al, 2010. 

 

Table 2 Main reclamation directions in Konin  
(Based on: Gilewska et al., 2018; Frydrychowicz et al., 2024; Kasztelewicz 2014; Kołodziej et al., 2016; Pratiwi et al., 2021) 

Reclamation 
direction 

Completed area (approx.) Role in regional transition 

Agricultural 3275-3909 ha 
Creates new arable land, supports regional food 
and biomass production 

Forest 1470-2402 ha Biodiversity, carbon storage, slope stabilisation 

Water (lakes) 
~1517 ha existing;  
>600 ha lakes already built 

Recreation, retention, new microclimates 
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Figure 58 Reclamation of mining sites in the Konin Lignite Mine. Source: Kasztelewicz et al., 2010. 

4.3.2. Geological Characteristic of the Konin Lignite Mine (KLM) 

The Konin Lignite Mine (KLM) area tectonically belongs to the central part of the Szczecin–Miechów 

Synclinorium, specifically to the Mogilno-Łódź segment and the northern part of the Konin Elevation 

(Wachocki et al., 2025). Most open pits are situated in shallow tectonic depressions only several 

tens of meters deep, whereas the Lubstów pit is an exception, located in one of the deepest 

structures of the Polish Lowlands, reaching depths of over 220–240 m (Wachocki et al., 2025). 

Beneath the Neogene deposits, Mesozoic rocks were encountered in all pits, mainly Upper 

Cretaceous marls and carbonate sandstones, locally also glauconitic sands of the Lower Oligocene 

(Wachocki et al., 2025). 

Within the KLM, two main lignite seams were exploited. The older LLS‑2 (second Lusatian lignite 

seam) of the Ścinawa Formation (upper Lower to lower Middle Miocene) reached a maximum 

thickness of 86.2 m and was mined exclusively in the Lubstów pit between 1982 and 2009 

(Kasztelewicz et al., 2025; Wachocki et al., 2025). The younger MPLS‑1 (first Mid‑Polish lignite 

seam) forms the lower part of the Poznań Formation and is dated to approximately 15.1–14.3 Ma; it 

has an average thickness of 6.6–6.9 m and was exploited in the remaining eleven pits (Kasztelewicz 

et al., 2025; Wachocki et al., 2025). 

The overburden consists of 40–60 m thick Quaternary glaciogenic sediments of Würmian age, 

including features such as moraine hills and subglacial lakes (Kasztelewicz et al., 2025). 

Open‑pit mining enabled direct observation of significant geological structures, including cleat 

systems, crevasse‑splay cones, paleochannels, and paleosols within the Poznań Clays. The cleat 

systems and crevasse splays in the MPLS‑1 seam are among the best developed in the world 

(Wachocki et al., 2025). 
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4.3.3. Soil Characteristics and Implications for Agricultural Reclamation 

The map (Figure 59) shows the spatial distribution of soil texture types in Poland according to the 

USDA classification. Most of the territory, especially in central and northern Poland, is dominated by 

light pink and grey‑pink colours representing mainly sandy clay‑loam and sandy loam, with local 

occurrences of blue‑grey loamy sand. These soil types form the main cover of the landscape. In 

western Poland and in scattered areas elsewhere, light orange patches of sand appear, forming 

smaller and irregular areas. The southern belt is distinctly different, with a continuous zone 

dominated by dark green (silt) and yellow‑green (silt‑loam), locally transitioning into brownish‑orange 

(loam). This creates a clearly defined strip along the southern part of the country. Bright green 

(clay‑loam) occurs only in small patches, mainly in the northeast and southeast, while cream‑colored 

clay is very rare and limited to minor areas. Red areas (sandy clay) and darker tones representing 

strongly clayey soils (silty clay, silty clay‑loam) are almost absent or occur only in very small amounts. 

Overall, the map shows a clear pattern: sandy soils dominate in the north and centre, while 

finer‑textured silty and loamy soils prevail in the south. 

 

Figure 59 Texture USAD Class for Poland. Source: esdac.jrc.ec.europa.eu. 

Long‑term experiments on Konin internal dumps (e.g., Pątnów) show that post‑mining soils are 

mainly sandy loam or loamy sand, with high macroporosity, good available water but sometimes 

sub‑optimal permeability (Gilewska et al., 2018; Kołodziej et al., 2018). Different reclamation variants 

(black fallow, cereal monoculture, cereal + lignite dust, alfalfa/grass mixture, spontaneous 

succession) all produced physically acceptable topsoils, but spontaneous succession and perennial 

cover gave the best soil structure and organic carbon accumulation (Gilewska et al., 2018; Kołodziej 

et al., 2018). Agricultural reclamation in Konin and Adamów has upgraded initial low‑quality soils 

(classes V–VI) to classes III–IV by targeted chemical repair (liming, fertilisation) and deep 

agrotechnical treatments, enabling successful cultivation of maize, alfalfa, cereals and fodder crops 

(Gilewska et al., 2018; Kołodziej et al., 2018; Kasztelewicz, 2014). 
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4.3.4. Why Agricultural Reclamation is Justified at Regional Scale 

At the basin scale, Konin already demonstrates that large areas of post‑mining land can safely 

transition to agriculture while maintaining acceptable soil water and air relations (Gilewska et al., 

2018; Kasztelewicz, 2014; Kołodziej et al., 2016). The reasons for selecting sites of interest in the 

Konin Lignite Basin is a combination of: 

• extensive reclaimed agricultural area, 

• documented long‑term soil improvement under vegetation, and 

• flexible water management via numerous pit lakes and dumps (Bajcar et al, 2022). 

• provides a strong evidence‑based justification to select further sites (based on DEM, slope, 

LST, NDVI, NDMI/NDWI, and urban pressure) as candidates for agricultural end‑use within 

the regional reclamation strategy. 

Konin is a heavily transformed but well‑studied lignite basin with a long reclamation record. Its 

geology and glacial overburden explain the dominance of sandy, well‑drained substrates, while 

decades of trials show these technosols can reach good physical quality and crop productivity when 

reclamation is properly designed.  

Although the Konin Lignite Basin provides an excellent example of successful post-mining 

agricultural reclamation, a regional-scale assessment of agricultural suitability was not undertaken 

in this study. The majority of mining areas within the basin have already completed or nearly 

completed their reclamation programmes, and their final land-use directions have been established 

and implemented over the past several decades. Consequently, a regional suitability assessment 

would have limited practical value for supporting future reclamation planning and decision-making. 

Instead, the analysis focuses on the Jóźwin IIB open-pit, which is currently undergoing closure and 

reclamation. As one of the last active post-mining landscapes in the Konin region, Jóźwin IIB 

represents a unique opportunity to evaluate agricultural reclamation potential before the final land-

use configuration is fully established. The site remains subject to ongoing geomorphological 

transformation, water management activities, and land-use planning decisions, making it particularly 

suitable for assessing the applicability of remote sensing and terrain-based indicators in reclamation 

planning. 

Furthermore, the Konin region already possesses extensive scientific documentation demonstrating 

the feasibility of agricultural reclamation on post-mining technosols. Long-term field experiments and 

reclamation projects have confirmed that reclaimed mining areas can successfully support 

agricultural production following appropriate soil reconstruction and management measures. 

Therefore, rather than reassessing agricultural suitability across areas where reclamation outcomes 

are already known, this study concentrates on Jóźwin IIB as a representative case where suitability 

assessment may still provide practical guidance for future reclamation activities. 

The selection of Jóźwin IIB is additionally justified by the coexistence of two major post-mining land-

use directions within the same site. While the final excavation is planned to be transformed into an 

anthropogenic lake through water reclamation, extensive internal dumps remain available for 

agricultural reclamation. This creates an opportunity to evaluate how topographic conditions, 

environmental indicators, and spatial constraints influence the allocation of land between water and 

agricultural end uses during the final stages of mine closure. 

  



Deliverable no. D3.1    

 

page  67 
 

4.3.5. Use of Digital Elevation Model at Konin Lignite Mine 

To further evaluate the suitability of post-mining areas for agricultural end-use within the Konin Lignite 

Basin, a detailed Digital Elevation Model (DEM) and slope analysis were performed for the Jóźwin 

IIB open pit, one of the largest mining excavations currently undergoing closure and reclamation. 

The site represents a valuable case study because reclamation activities have been implemented 

progressively during the mining operation, following the long-established reclamation practices 

developed in the Konin region. This approach allows the assessment of landform characteristics that 

will ultimately determine the feasibility of future agricultural use. 

• Elevation of the Konin Lignite Mine 

 

Figure 60 Elevation differences in Jóźwin IIB open-pit. Source: Polish Airborne LiDAR (ALS), data provided by Head Office of 
Geodesy and Cartography (GUGiK) via Geoportal.gov.pl. 

The DEM analysis reveals a strongly diversified post-mining landscape with elevations ranging from 

approximately 50 m to 115 m above mean sea level. The lowest elevations correspond to the final 

excavation, while the highest areas are associated with reclaimed spoil heaps and surrounding 

reconstructed terrain. Such elevation differences reflect both the original mining geometry and 

subsequent earthworks conducted during reclamation. 
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• Steepness of slope at Konin Lignite Mine 

 

Figure 61 Slope steepness in Jóźwin IIB open-pit. Source: Polish Airborne LiDAR (ALS), data provided by Head Office of 
Geodesy and Cartography (GUGiK) via Geoportal.gov.pl 

Slope analysis indicates that the majority of the reclaimed area is characterized by gentle slopes 

below 6°, which dominate the external and internal dump surfaces. Areas with moderate slopes (6-

12°) occur mainly along transitional zones between reclamation levels, whereas steeper slopes 

exceeding 18° and locally 24° are concentrated around the margins of the final excavation and along 

remnants of former mining benches. 

From the perspective of agricultural reclamation, these results are highly favourable. The 

predominance of surfaces with slopes below 6° suggests that a substantial proportion of the area is 

suitable for mechanised agricultural operations, including crop cultivation, biomass production, and 

grassland establishment. Such terrain minimizes erosion risk, facilitates field management, and 

allows efficient use of agricultural machinery. The observed morphology is consistent with the 

reclamation objectives historically implemented in the Konin mining district, where extensive areas 

of former spoil dumps have been successfully converted into productive agricultural land. 

Nevertheless, several geomorphological constraints remain. The steep slopes surrounding the final 

excavation exhibit increased susceptibility to erosion and are less suitable for intensive agricultural 

use. These areas may require alternative reclamation measures, including permanent vegetation 

cover, afforestation, or ecological buffer zones. In addition, local relief variations may influence 

surface runoff patterns and require careful water management planning during the final stages of 

reclamation. 

The interpretation of these results must also consider the planned final land use of the Jóźwin IIB 

excavation. Unlike many reclaimed spoil dumps intended primarily for agricultural production, the 

final pit is designated for water reclamation through the creation of a large anthropogenic lake. 

Consequently, the deepest portions of the excavation will not be available for agricultural use. 

Instead, agricultural reclamation will be concentrated on the gently sloping reclaimed areas 
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surrounding the future reservoir. In this context, the slope analysis confirms that the majority of these 

surrounding surfaces possess favourable topographic conditions for agricultural development. 

The planned lake may further enhance the long-term value of adjacent agricultural land by improving 

local water retention, moderating microclimatic conditions, and increasing landscape diversity. 

Therefore, the future land-use structure of the Jóźwin IIB site can be considered complementary 

rather than competitive, combining water reclamation within the final excavation with agricultural 

reclamation on the surrounding reclaimed terrain. 

Overall, the DEM-based assessment demonstrates that Jóźwin IIB exhibits a high potential for 

agricultural reclamation outside the final pit area. The dominance of low-gradient surfaces, together 

with the extensive reclamation experience gained throughout the Konin Lignite Basin, provides 

strong evidence that agricultural land use can form an important component of the site's post-mining 

development strategy. 

• Selection of the Internal Dumping Ground for Detailed Assessment 

While the Digital Elevation Model and slope analyses were conducted for the entire Jóźwin IIB mining 

area, the results clearly indicated that only a portion of the site remains suitable for future agricultural 

reclamation. The deepest parts of the final excavation are designated for water reclamation and the 

creation of an anthropogenic lake, whereas several peripheral areas are characterised by steep 

slopes or ongoing geomorphological transformations that limit their agricultural potential. 

Based on the DEM analysis, a selected section of the internal dumping ground located in the northern 

part of the Jóźwin IIB open pit was identified as the most suitable area for further agricultural 

suitability assessment. This area is characterised by relatively gentle terrain, limited relief variability, 

and its location outside the planned final water reservoir. Moreover, the area has already undergone 

initial reclamation measures, including the establishment of vegetation cover as part of the 

progressive reclamation process carried out during the final stages of mining operations. As a result, 

it represents a large, contiguous reclaimed surface with conditions suitable for further agricultural 

development. 

The selected internal dump therefore constitutes a representative example of land that may 

realistically be allocated to agricultural reclamation during the final stage of mine closure. Focusing 

the subsequent analysis on this area enables a more detailed evaluation of environmental conditions 

directly relevant to future agricultural use. 

• Vegetation and Moisture Conditions of the Selected Internal Dump 

To complement the topographic assessment, vegetation and surface moisture conditions were 

analysed using Sentinel-2 satellite imagery. Two indicators were calculated for the selected internal 

dump: the Normalized Difference Vegetation Index (NDVI) and the Normalized Difference Water 

Index (NDWI). These indicators provide information on vegetation development and moisture 

availability, both of which are important factors influencing the agricultural potential of reclaimed post-

mining land. 

The NDVI results indicate a clear spatial differentiation of vegetation development across the 

analysed area (Figure 62). The northern and north-eastern parts of the internal dump exhibit the 

highest NDVI values, locally exceeding 0.8, indicating dense and well-established vegetation cover. 

These areas correspond to surfaces that have already undergone reclamation treatments and 

vegetation establishment, demonstrating favourable conditions for future agricultural use. In 

contrast, lower NDVI values occur mainly in the southern and south-western portions of the analysed 

area, where vegetation remains less developed and the substrate is still partially exposed. The 

observed pattern suggests that large parts of the selected internal dump already provide 

environmental conditions conducive to plant growth and biomass production, supporting their 

suitability for agricultural reclamation. 
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Figure 62 NDVI distribution within the selected Jóźwin IIB internal dumping ground, September 2025. Source: Own elaboration 
based on Copernicus Sentinel-2 L2A imagery (ESA), processed in Google Earth Engine. 

The NDWI analysis reveals a complementary pattern (Figure 63). Higher NDWI values occur 

predominantly within the central and southern parts of the analysed area, indicating increased 

surface moisture availability, while lower values are concentrated in the northern sector, suggesting 

relatively drier conditions. Overall, the moisture distribution remains within the range typically 

observed for reclaimed and vegetated post-mining surfaces and does not indicate the presence of 

extensive waterlogged areas that could restrict agricultural use. 

Particular attention should be given to several localised zones exhibiting distinctly elevated NDWI 

values within the selected internal dump. These small blue-coloured anomalies correspond to areas 

where water is accumulating within subtle terrain depressions formed during dumping and 

reclamation activities. Such features are commonly observed on reclaimed spoil heaps, where local 

microtopography influences runoff and infiltration processes. The presence of these moisture 

accumulation zones indicates the development of natural water retention features capable of storing 

water after precipitation events and gradually releasing it to the surrounding soil. 

From an agricultural reclamation perspective, these localised wet areas may provide additional 

benefits rather than constraints. They can contribute to improved water availability during dry 

periods, support vegetation establishment, and increase the resilience of future agricultural systems 

to seasonal drought. At the same time, their limited spatial extent suggests that they are unlikely to 

interfere with mechanised agricultural operations or significantly reduce the area available for 

cultivation. Instead, they may serve as small-scale retention zones enhancing the overall 

environmental quality of the reclaimed landscape. 
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Figure 63 NDWI distribution within the selected Jóźwin IIB internal dumping ground, September 2025. Source: Own 
elaboration based on Copernicus Sentinel-2 L2A imagery (ESA), processed in Google Earth Engine. 

When interpreted together, the NDVI and NDWI analyses indicate that the selected internal dumping 

ground already exhibits environmental conditions favourable for agricultural reclamation. The 

combination of well-developed vegetation cover, moderate moisture availability, and the presence of 

local natural retention features suggests that the area possesses a high potential for future 

agricultural use. These findings further demonstrate the value of integrating terrain analysis with 

remote sensing indicators when identifying priority areas for agricultural reclamation within post-

mining landscapes. 

4.4. Upper Silesian Coal Basin (PL) 

4.4.1. Soil Characteristics and Implications for Agricultural Reclamation 

Waste rock dumps are usually much smaller than those formed at open-pit mines and often are 

shaped with steep slopes, which limits their use for agricultural purposes. The detailed analyses in 

the REECOL project indicate that the main cause of limited vegetation growth on waste rock dumps 

is the limited availability of phosphorus and, probably, nitrogen, as well as the low content of easily 

decomposable organic matter. 

Another degrading factor is often the improper physical structure of the substrate. The content of 

skeleton particles >2 mm is above 60%, and it is much higher than in agricultural native soil. This 

could have a negative impact on the substrate's water holding capacity. This soil structure makes it 

impossible to perform agricultural operations such as plowing. Waste from hard coal mining has a 

dark color, which causes the unvegetated surface of the spoil heap to heat up significantly during 

periods of intense sunlight. As a result, vegetation is exposed to severe thermal stress even in the 

early stages of development (as early as April and May). High surface temperatures also cause water 

deficits in plants, especially during periods of heat and drought. Despite these factors that limit plant 
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growth, it appears feasible to reclaim these areas for agricultural use, particularly for the cultivation 

of energy crops. This is evidenced by the successful reclamation of Carboniferous rock dumps for 

forestry purposes. One positive aspect is that waste dumps from hard coal mining in the Upper 

Silesia region are characterized by low levels of trace substances (e.g., heavy metals) that could 

pose an environmental and health risk. 

To identify potential areas for energy crop cultivation, a spatial analysis of post-mining lands stored 

in the OPI-TPP project database was conducted, taking into account key environmental and land-

use constraints. The analysis included the delineation of areas occupied by forests and tree cover, 

water bodies (ponds, lakes, and other reservoirs), terrains with slopes exceeding 12%, and 

impervious surfaces. 

Based on the adopted criteria, land classification was carried out, considering both individual 

constraints and their co-occurrence in the form of hybrid configurations (e.g., areas simultaneously 

forested and characterized by steep slopes). This approach enabled a more precise assessment of 

the suitability of individual areas. The remaining lands, not affected by any of the analyzed 

constraints, were classified as so-called “clean areas.” 

The results of the conducted analysis indicate that, despite the significant level of degradation typical 

of post-mining areas, it is possible to identify zones with real potential for development for energy 

crop cultivation. Preliminary results of the analysis indicate that, within post-mining spoil heaps in 

the Silesian Voivodeship, 14 sites have been identified that contain areas larger than 10 hectares 

with potential suitability for energy crop cultivation. 

Preliminary results of the analysis indicate that, within post-mining spoil heaps in the Silesian 

Voivodeship, 14 sites have been identified that contain areas larger than 10 hectares with potential 

suitability for energy crop cultivation. 

 
Figure 64 Example spatial analysis of the landfill site – high potential (left), low potential (right). 

An example of a spatial analysis of the preliminary suitability of a landfill site for agricultural 

reclamation is depicted on Figure 64 – on the right, a site with high potential; on the left, one with 

low potential.  
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5. Conclusion and Recommendations  

This deliverable presents a methodological framework and spatial analysis of agricultural 

reclamation suitability in selected post-mining areas. By combining main indicators: terrain 

morphology, land surface temperature, and water conditions, with supplementary indicators 

including soil texture, vegetation cover, land use, and surface imperviousness, the study provides a 

layered basis for identifying land with potential for agricultural and energy crop production. 

The results demonstrate that post-mining landscapes are highly heterogeneous in terms of their 

reclamation potential. While certain areas exhibit conditions broadly compatible with agricultural use, 

others remain constrained by steep slopes, residual soil dysfunctions, or existing land uses. The 

spatial variability found in all study areas emphasizes the need to evaluate individual sites 

individually, rather than relying on general reclamation planning. 

Suitability maps created within this output can serve as a decision support tool for subsequent field 

surveys and experimental activities. The proposed candidate sites for energy crop cultivation 

represent preliminary suggestions based on remote sensing and GIS data. Further steps should 

consider integrating the outcomes of D3.1 with the soil dysfunction classifications established in D3.2 

to refine the overall assessment. This summary of Deliverables D3.1 and D3.2 will be further 

developed in the subsequent Deliverable D3.3, which focuses on the analysis of soil regeneration 

and the development of a methodology for agricultural reclamation. 

It is recommended that future analyses expand the spatial coverage to include all project study 

areas. The methodology developed here may also serve as a transferable template for suitability 

assessments in other post-mining regions beyond the project scope. 
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Annex 1  Legend of the Geological Map for the Most Basin (ČSG) 
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Annex 2  Legend of the Pedological Map for the Most Basin (ČSG) 
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