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ABSTRACT 

Bosnia and Herzegovina (B&H) has a long tradition of mining. Until modern times, 

mining became the backbone of the overall economy of the entire society. However, the 

spatiality of mining and the effects of the processes that accompany it are not known to 

the general public. The paper deals with the identification of spatial-temporal changes 

caused by mining on the example of a surface coal mine in the northeast of B&H. The 

process of ore exploitation in the first place requires space and usurps land, which 

represents the economic basis for the inhabitants of rural areas. Therefore, the authors 

focused on monitoring changes in land cover. The methodology of monitoring land cover 

changes is based on the use and processing of Corine Land Cover data using QGIS 

software. The change in the demographic size of settlements affected by mining activities 

was analyzed using official demographic statistics. The results of the study reveal the 

dynamics of mining activity, the spatial scale of exploitation over time, and changes in 

land use in the area of the case study. The research is useful for spatial planning after the 

exploitation of the ore, but also for the creation of various development policies for the 

population. This type of study opens up space for monitoring other changes that occurred 

during exploitation, both in the area of this and other surface mines.  
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INTRODUCTION 

The beginning of the extraction of ore and mineral resources is linked to the distant past. 

From the first excavations until today, the process of mining exploitation has been 

modernized and is gaining in scope and intensity. In many countries, the extraction of 

ores and minerals, along with other activities of the secondary sector, represent the main 

support for the development of the economy. However, the development of digital tools 

for monitoring spatial-temporal processes happened later. Considering the complexity 

and multidimensional character, extraction processes are difficult to monitor and analyze 

temporally and spatially, and to determine their spatial effects, as well as the direction 

and extent of the spatial transformations they cause. With the development of digital 

tracking tools, that process is somewhat easier. As expected, countries with advanced 

technology were the first to create and implement digital tools and platforms for 

monitoring transformations in Geospace. In particular, the use of Geographic Information 

Systems (GIS) in combination with different spatial data is represented for the purpose of 

monitoring the range of disturbance of the vegetation cover due to mining [1], [2], [3], 

[4], [5], [6], [7], [8], [9], [10], as well as in the management of land cover after the closure 
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of the mine [11], [12], [13]. The use of GIS for the analysis of mining activities has been 

present for more than a decade in B&H and in the region [14], [15], [16], [17], [18], [19]. 

The methodology applied in this paper also appears in earlier studies dealing with mining 

worldwide [20], [21]. We emphasize that the use of such methodologies for the purpose 

of monitoring spatial-temporal transformations in mining regions has not been applied to 

examples from B&H, although there are papers with a similar methodology for the 

purposes of analyzing other spatial resources [22], [23], [24]. An example of a coal basin 

in B&H, which will be the subject of this paper, is the area of the municipality of Ugljevik, 

which belongs to the coal-bearing basin of northeastern Majevica. Coal mining in the area 

of this case study has a long tradition and has been going on since 1899. The mining 

tradition, and the production of electricity based on it, represents the economic basis of 

the population of this municipality, but also of the B&H. The positive effects of this 

activity are reflected in the multiplication of jobs and income, also putting this 

municipality in the group of economically developed ones. However, mining activity is 

accompanied by negative effects on the land cover. Therefore, the subject of the paper 

represents the identification of changes in land cover due to mining activity and its effect 

on settlement system in municipality. 

 

METHODS AND DATA 

The input data for the research area are vector data about the border of the municipality 

of Ugljevik, and the borders of settlements in the study area. For the comparative analysis 

of changes in the structure of study area land, data from Corine Land Cover – CLC 

(https://land.copernicus.eu/pan-european/corine-land-cover) 2000 and 2018 were used. 

Using QGIS software (https://qgis.org/), data on land use structure was extracted to the 

level of the study area. Categorization of land within the paper was carried out by the 

method of joining land classes from the official CLC nomenclature, to land categories 

that appear in the cadastral structure of land use (Tab. 1). 

Table 1. Categorization of land use structure 

Productive 
Agricultural 

Cultivable 

2.1.1 Non-irrigated arable land; 2.4.2 

Complex cultivation patterns; 2.4.3 Land 

principally occupied by agriculture, with 

significant areas of natural vegetation; 2.2.2 

Fruit trees and berry plantations  

Uncultivable 2.3.1 Pastures 

Non-agricultural 3.1.1 Broad-leaved forest 

Unproductive 

Thermal power plant 1.2.1 Industrial or commercial units  

Mining area 
1.3.1 Mineral extraction sites; 1.3.2 Dump 

sites  

Built-up areas 1.1.2 Discontinuous urban fabric 

 

The basic division within the categorization is based on productive and unproductive land. 

Productive land includes agricultural and non-agricultural lands (CLC: 3.1.1). 

Agricultural land is divided into cultivable land (CLC: 2.1.1; 2.4.2; 2.4.3; 2.2.2) and 

uncultivable land (CLC: 2.3.1). Unproductive lands include the following categories: 

built-up areas (CLC: 1.1.2), and lands with dominant mining activity (CLC: 1.2.1; 1.3.1; 

1.3.2).  

The impact of mining activities on the demographic characteristics of the area was 

analyzed based on the available data in the 1991 and 2013 censuses. The estimate of the 

number of inhabitants at the settlement level is not available for the post-census period, 
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and for this reason, the reference periods of the analysis of changes in land use structures 

and changes in demographic characteristics do not coincide. 

 

RESULTS AND DISCUSSION 

In the analyzed period, changes were observed in the structure of land use at the municipal 

level. As expected, given the existence of mining activities for the surface exploitation of 

coal and thermal power plants for burning coal, increased areas of those land categories 

are visible (Fig. 1, Tab. 2). 

Table 2. Changes in the structure of land use at the level  

of the municipality of Ugljevik in the period 2008-2018 

  Productive 
Unproductive 

  Agricultural 

Non-

agricultural 

  

Cultivable Uncultivable 

Thermal 

power 

plant 

Mining 

area 

Built-up 

areas 

Area (ha) 2000 10396.53 115.09 5568.32 59.47 581.84 321.38 

Area (ha) 2018 9774.48 114.24 6004.12 78.28 813.93 257.59 

Absolute change 

2018/2000 
-622.05 -0.85 435.80 18.80 232.09 -63.79 

Index of change 

2018/2000 
94.02 99.26 107.83 131.62 139.89 80.15 

Share in the total land 

area in 2000 
61.00% 0.68% 32.67% 0.35% 3.41% 1.89% 

Share in the total land 

area in 2018 
57.35% 0.67% 35.23% 0.46% 4.78% 1.51% 

 

The increase of surface area in favor of land under mining activities caused changes in 

other land use categories. The results of the analysis indicate changes in the area of 

productive land through the reduction of the area of agricultural land in both 

subcategories: the area of cultivable land decreased by -622.05 ha, and the area of 

uncultivable land by -0.85 ha. The increase in the area of non-agricultural land (forest) by 

435.80 ha can be interpreted as an increase in recultivated areas that were used for mining 

in the past. The area of unproductive land in the observed period increased in the 

categories of land used for mining activities. The space for the thermal power plant 

infrastructure expanded by 18.80 ha, while the mining area expanded by 232.09 ha. The 

data indicate a decrease in the area under the built-up areas category, but subsequent 

validation of the data established that there was no change in that category of land use. 

Those surfaces are not located near the area of mining activities, and are not the subject 

of a detailed analysis. The change in the share of mining land in the total is positive, but 

at the municipal level, that share is still small (about 5 %). 
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Figure 1. Change in land use structure at the level of the 

 municipality of Ugljevik (CLC 2000 –up; CLC 2018 –down) 

Changes in the structure of land use were also analyzed at the level of the settlement 

system, in order to identify settlements whose land has been usurped by mining activities, 

as well as the intensity of these changes. The settlements where the land is used for mining 
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activities has been identified: Stari Ugljevik, Ugljevik, Bogutovo Selo, Jasikovac, 

Mezgraja, Mukat Stankovići (Fig. 1) and they make up 24 % of the settlements in the 

total settlements network, and occupy 28.22 % of the total territory of the municipality. 

For a simpler presentation, the results of the analysis are given in summary for all 6 

settlements (Tab. 3). 

Table 3. Changes in the structure of land use in settlements where mining activities take place 

  Productive 
Unproductive 

  Agricultural 

Non-

agricultural 

  

Cultivable Uncultivable 

Thermal 

power 

plant 

Mining 

area 

Built-up 

areas 

Area (ha) 2000 2268.48 114.88 1610.02 59.13 581.79 175.71 

Area (ha) 2018 2151.92 114.24 1476.24 77.93 813.72 175.95 

Absolute change 

2018/2000 
-116.55 -0.64 -133.78 18.80 231.93 0.25 

Index of change 

2018/2000 
94.86 99.44 91.69 131.80 139.86 100.14 

Share in the total land 

area in 2000 
47.16% 2.39% 33.47% 1.23% 12.10% 3.65% 

Share in the total land 

area in 2018 
44.74% 2.38% 30.69% 1.62% 16.92% 3.66% 

 

As expected, the areas of mining categories of land increased in the period under review 

(by 250.73 ha in total), while the areas of other categories decreased. The area of 

productive land was reduced by a total of -250.98 ha, and this difference represents the 

conversion of land for mining activities needs. The share of productive land in the total 

area of settlements covered by mining activities decreased in the observed period by -

5.22 % (from 83.02 % to 77.80 %), while the share of mining land increased by 5.21 % 

and makes 18.54 % of the area of the observed settlements. A detailed analysis at the 

level of each settlement, separately, indicates the direction of mining activities. The 

largest increase in mining areas is noticeable in the settlement of Bogutovo Selo, where 

this category of land increased by 142.96 ha. Smaller increases occurred in the settlements 

of Mezgraja (by 64.00 ha), Stari Ugljevik (by 18.14 ha) and Jasikovac (by 6.80 ha). In 

the settlements of Mezgraja and Jasikovac, coal exploitation begins in the observed 

period, which was not visible at the beginning of the period. The increase in the area 

under the thermal power plant infrastructure occurred in the settlements: Mukat 

Stankovići (by 14.98 ha), Ugljevik (by 3.82 ha) and Bogutovo Selo (by 0.001 ha), and 

this category of land was present even before the observed period in the mentioned 

settlements. Looking integrally at the land categories used for mining activities (mining 

area and thermal power plant), they occupy the most space in the settlement of Bogutovo 

Selo (45.43 %) and the settlement of Ugljevik, where the thermal power plant is located 

(15.61 %), while in other settlements occupy less than 10 % of the area.  

The conversion of land for mining activities had different effects on the structure of land 

use in certain settlements. In the settlement of Bogutovo Selo, the area of non-agricultural 

land (forest) was reduced, while in other settlements, agricultural (cultivable) land was 

reduced to varying degrees. Mining activities, although small in area, due to their nature 

have effects on a wider area: changes in the morphophysiology of the relief, changes in 

infrastructure, changes in microlime and environmental pollution. The local population, 

which is the driver of economic development, is directly exposed to the above-mentioned 

effects. Therefore, it is important to assess the demographic characteristics of the area 
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usurped by mining activities. Changes in the demographic size of identified settlements 

where mining activities take place are shown in Table 4. 

Table 4. Changes in the demographic size of settlements where mining activities take place 

  

Settlement 

Total 

population 

1991 

Total 

population 

2013 

Absolute 

change 

2013/1991 

Index of 

change 

2013/1991 

Share in 

the total 

population 

in 1991 

Share in 

the total 

population 

in 2013 

A
re
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2
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Bogutovo 

Selo 
499 294 -205 58.92 1.95% 1.94% 

Jasikovac 1118 96 -1022 8.59 4.37% 0.64% 

Mezgraja 714 459 -255 64.29 2.79% 3.04% 

Ugljevik 2981 3922 941 131.57 11.65% 25.94% 

Mukat 

Stankovići 
458 330 -128 72.05 1.79% 2.18% 

Stari 

Ugljevik 
1126 707 -419 62.79 4.40% 4.68% 

Total 6896 5808 -1088 84.22 26.95% 38.42% 

 

The demographic size of settlements where mining activities take place decreased in the 

intercensal period (1991–2013). The settlement of Ugljevik increased its demographic 

size because it is the only urban settlement in the municipality. In the settlements of 

Bogutovo Selo and Stari Ugljevik, mining activities were present even before the 

observed period, while in the other settlements they started after 2000. Therefore, in those 

settlements, the number of inhabitants can be expected to decline in the process of the 

expansion of mining and the emigration of the local population. In 1991, the population 

of settlements where mining activity is currently taking place was 26.95 % of the then 

population. Today, although they are demographically reduced, these settlements 

comprise 38.42 % of the municipality's population, which indicates the number of the 

population that faces the effects of mining activities. 

 

CONCLUSION 

In the paper, the CLC digital database of spatial data was used for the analysis of changes 

in land use. The CLC is an important digital database for monitoring changes in land use 

because it provides a standardized and consistent classification of land types over 20 

years. 

The research identified the spatio-temporal dimension of mining activities in the selected 

research area. Areas under mining activities had a different effect on the reduction of 

other categories of land use in certain settlements. A regularity was observed: reduced 

agricultural (cultivable) land in all settlements, with the exception of the settlement 

Bogutovo Selo, where was a decrease in non-agricultural land (forest). The results 

indicate the intensity of mining activities, which is the highest in Bogutovo Selo, where 

was a mine even before the observed period. The expansion of mining activities in the 

new settlements, Jasikovac and Mezgraja, has been observed. The population living in 

settlements where mining activity takes place makes up more than a third of the total 

population of the municipality. The identified population is directly faced with changes 

in the land use (and therefore sources of income) and potential emigration due to land 

expropriation. 

Namely, mining activities represent activities that take place rapidly in space with 

dynamic intensity and changing direction of movement. But new CLC data is available 
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every 6 years, and this is precisely one of the shortcomings of the CLC database in terms 

of researching mining activities in space. If the analyst wants to track the causes and 

consequences of mining activities in space for a period of time that is shorter than 5 years, 

it will not be possible with the CLC database. An alternative solution is the use of satellite 

images and their classification for the defined time period. The authors of the paper 

believe that the results of the analysis could be of higher quality and more credible if 

changes in space (with an emphasis on mining activities) were followed by comparative 

use of the CLC database and user-classified satellite images. 

Certainly, this type of research has a contribution in identifying the spatiality of mining 

activities in the network of settlements and determining the future effects of mining on 

the land fund in the network of settlements. The results obtained from this kind of research 

provide the basis for the creation of government policies regarding the strategic 

management of human capital and the land fund in the identified settlements. 
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