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Vegetation cover and their functioning in dependence on the reclamation of the 
Velká podkrušnohorská dump during last 20 years using satellite data analysis 
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†University of South Bohemia in České Budějovice,  Czech Republic 
‡Enki o.p.s., Třeboň, Czech Republic 

 
Vegetation play an important role in mass retention, solar energy dissipation, 
water cycle forming and local climate changes on reclamation plots of mining 
areas. In this work, the Landsat satellite data were used for evaluation of 
different types of reclamation and their development for the last 20 years in 
case of Velká podkrušnohorská dump. These parameters were used for 
analysis of temporal development: land surface temperature, surface moisture 
expressed as Wetness Index Tasseled Cap, and Normalized Difference 
Vegetation Index (NDVI). The first component was computed from these 
parameters using Principal Component Analysis a it was marked as 
„Functional Index“. The results showed the significant changes of the studied 
parameters throughout observed period. The means of the parameters for the 
dump receded from the mean parameters of the neighbour areas for the 1991 to 
the 1995 period. From the 1995, the mean values of studied characteristics for 
the dump territory were getting closer to the mean characteristic of the adjacent 
areas. The changes of surface temperature and surface moisture corresponded 
with the changes of vegetation cover. These results are in agreement with the 
changes of the development of the dump in the last 20 years. 

 
Keywords: reclamation; dump; remote sensing; vegetation; water cycle; 
temporal analysis 

 
1. Introduction 
 
The results of changes in natural conditions of mining areas and the choice of an 
optimal implementation concept of their reclamation are widely discussed at different 
levels. A number of scientific papers deals with this topic but usually does not solve this 
problematic complexly (Prach 1986, Pecharová et al. 2004). Comprehensive study 
evaluating changes in natural conditions over time and holistic assessment of landscape 
functioning are an important basis for the different variants of the targeted managements 
of future landscapes. 

Surfaces of brown coal mining areas in Czech Republic were disturbed by mining 
activities for more than last fifty years (Přikryl et al. 2002). At the beginning, 
reclamation practices deal only with the simple greening of the land, mostly using 
natural succession. In the consecutive period, mostly the agricultural system of 
reclamation (during mandatory system of planning) was being used followed by 
dominating forest reclamation (after year 1989) (Přikryl et al. 2002, Charvátová and 
Sklenička 2005). In the current planning of reclamation projects there is endeavour to 
use comprehensive solutions to imply the wider regional relationships (Sklenička et al. 
2004). In the holistic approach it is needed to emphasize the functional integration of 
reclaimed land to the surrounding landscape which is not affected by mining activities. 
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The functionality of the landscape is largely determined by the method of 
management. Management of landscape, distribution of crops and natural vegetation in 
the landscape is reflected by distinct differences in dissipation of solar energy 
("overheating landscapes") and the dynamics of the water system (Pokorný 2001, 
Procházka et al. 2006, Pokorný et al. 2007,  2009, Brom et al. 2009, Brom et Pokorný 
2009). 

Vegetation and sufficient supply of water are the key factors in dissipative 
processing of solar energy. The natural vegetation cover retains moisture and provides 
optimized temperature damping through evapotranspiration and condensation processes 
and in such way maintains optimal conditions for ecosystem functioning (Hayden 1999, 
Ripl 2003). 

Functional properties and qualitative and quantitative properties of the landscape 
can be evaluated successfully by the using of satellite data. Crucial advances of remote 
sensing data are the ability to assess the land cover as a whole at one time and 
possibility to use them retrospectively. Landsat satellite system is usable for assessing 
temporal and spatial development of the mining areas because the data are available for 
more than 20 years with high spectral and spatial resolution (see e.g. Lillesand et al. 
2004). 

In this work, we assessed a time series of Landsat satellite data of Velká 
podkrušnohorská dump (thereinafter VP dump) from 1991 to 2009 in term of 
biophysical parameters (surface temperature, vegetation characteristics and surface 
moisture) which can be indicators of solar energy dissipation. We developed a 
“functional index” following from the parameters mentioned above. Development of 
these parameters over time and their relation to solar energy dissipation are discussed. 
 

 
Figure1.  Satellite map of study area, with localization in the Czech Republic 
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2. Material and methods 
 
The studied area of VP dump is situated in the western part of the Czech Republic, near 
the towns of Karlovy Vary and Sokolov. The VP dump is approximately 22 km2 large. 
The larger area of about approximately 700 km2, was used for satellite data processing 
with centrally located VP dump, see Figure 1. 

A set of available Landsat satellite data was used for the assessment of the 
functional characteristics of the VP dump during the 1991 to 2009 pergureiod. There 
were the data selected from the similar part of the vegetation season – summer from end 
of June to end of August. The acquisition terms of the used data are listed, see Table 1. 
 
Table 1. The overview of the acquisition time and used satellites 

Date Satellite/Scanner Spatial resolution 
7th August 1991 Landsat 5 / TM 30 m, 120 m thermal band 
1th July 1995 Landsat 5 / TM 30 m, 120 m thermal band 
20th June 2000 Landsat 7 / ETM+ 30 m, 60 m thermal band 
10th August 2004 Landsat 5 / TM 30 m, 120 m thermal band 
28th July 2005 Landsat 5 / TM 30 m, 120 m thermal band 
24th August 2009 Landsat 5 / TM 30 m, 120 m thermal band 
 

Data were rectified into S-JTSK cartography projection (EPSG: 2065). All the data 
were atmospherically corrected using PCI Geomatica modules ATCOR2 for the optical 
bands and ATCOR2_T for thermal band, respectively (PCI Geomatics 2003). The 
NDVI (Normalized Difference Vegetation Index), Wetness Index Tasseled Cap (WI) 
and land surface temperature were derived from the satellite data (for details see 
Lillesand et al 2004). Because of the problems with seasonal changes of vegetation 
cover and meteorological conditions, the features were standardized for whole area 
shown in the Fig. 1. This way we obtained a “mean landscape” for each of the image 
and consecutively individual characteristics of the VP dump were assessed in context of 
these values. The first component was computed from the standardized NDVI, surface 
temperature and Wetness Index using Principal Component Analysis for each term. We 
designated this first component as “Functional Index” (FI). 

Descriptive statistics (mean and standard deviation) were computed from the 
spectral indexes and their standardized layers for the VP dump. The temporal 
development of the VP dump was assessed using these data. 
 
3. Results and discussion 
 
The area of VP dump underwent intensive changes during the last 20 years. Changes of 
the studied indices depended on wide complex of the factors e.g. weather conditions, 
period of vegetation season, human impact etc. See table 2, it summarizes the values of 
the studied characteristics. Mean values of NDVI differ mostly in dependence on the 
seasonal aspect, most of all year 2000 with the lowest mean value. We suppose it can be 
a result of change in vegetation cover during the vegetation season when in the June the 
ephemeral vegetation is already dry and vegetation of summer aspect is still not 
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developed (Prach 1986). From the year of 2004 there is an increasing trend with 
maxima attend 0.37 in 2009. Values of NDVI were significantly lower on the VP dump 
in comparison to the whole area, where the values of NDVI reached ca 0.45 (data not 
shown) throughout the all years of interest. close to -27. These values are approximately 
about 5 °C higher and 20 units of wetness lower than the means for the whole observed 
area, respectively (data not shown). 
 

 
Table 2. Descriptive statistics for the observed parameters of the VP dump 

during the 1991 to 2009 period. SD – standard deviation 
 NDVI (unitless) Temperature (°C) WI (unitless) FI (unitless) 
Year Mean SD Mean SD Mean SD Mean SD 
1991 0.19 0.22 32.82 2.74 -24.48 15.54 -2.17 1.71 
1995 0.25 0.24 35.66 3.22 -27.52 16.92 -2.64 1.78 
2000* -0.05 0.25 41.53 4.11 -0.31 0.10 -2.37 1.57 
2004 0.28 0.21 33.40 3.05 -27.26 15.31 -1.96 1.50 
2005 0.29 0.18 28.25 2.38 -31.63 17.05 -1.83 1.60 
2009 0.37 0.19 28.67 2.83 -25.96 15.82 -1.36 1.37 
*The absolute scale of Wetness Index derived from the Landsat 7 ETM+ data differ from the Landsat 5 TM data. 
These data are comparable at the relative (standardized) scale. 
 
The temporal data in absolute units of NDVI, surface temperature and wetness index are 
complicate to compare. The possible way is to standardize data from different terms and 
to assess variability of data from only part of the image. The standardized data of 
different terms represent a “mean landscape” with the same mean which is equal to zero 
and thus it is possible to evaluate changes in their part. In this work, the VP dump 
temporal changes were evaluated in context with other area, see Figure 2. Temperature 
grown up from the year of 1991 to 1995 and consecutively it slowly decreased. The 
other parameters showed an inverse trend, from the 1991 it decreased till to 1995 and 
thereafter they increased. Since 1995, the values of all parameters tended to zero, i.e. to 
the “mean landscape”. The shape of the curves corresponds with the development of the 
dump, where there was very intensive heaping of overburden material (associated with 
brown coal mining) on the dump during the 80th to 90th years. It lead to the origin of the 
large area without vegetation which was overheated and drained because the limited 
evaporation of water from the surface. With the progressive primary succession and 
reclamation of the sites where the heaping was finished, the manifestation of high 
temperature was dampened and humidity of surface become more even. 

Because the mentioned three parameters are in close relation, they were used for 
computation of first component using principal component analysis (Ter Braak et 
Šmilauer 1998). This component was marked as “functional index” (FI). It comprises 
approximately 70% of variability of used characteristics. The values of the FI for VP 
dump are summarized in Table 2. and shown in the Figure 2. It is obvious that the FI 
proved more intensive changes than other parameters and it indicates the changes in 
functional parameters of the dump surface. 
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Figure 2. Time series of the mean values of the observedcharacteristics of the VP dump 

 
As follows from the Figure 2, the FI still did not reach the mean state of the 
neighbouring landscape. We presume that the observed parameters (temperature and 
humidity of surface) will lead to stabilization themselves with increasing extent of 
vegetation cover and amount of biomass on the VP dump with relation to surrounding 
landscape. It corresponds with conclusions of Ripl (1995, 2003), who presented, that the 
functional landscape has the ability to maintain balanced climatic conditions, the 
balanced runoff of surface water, low matter losses and reliable soil fertility. 
 
4. Conclusion 
 
Changes of functional parameters of the landscape (surface temperature, humidity, 
NDVI and the „ functional index“) were monitored on the VP dump in the 1991 to 2009 
period. Results showed that the observed parameters significantly changed, since 1995 
gradually converging to the state of the surrounding landscape. 
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