
 



  
 

 

 

 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Front image: Acid Mine Drainage in an abandoned, collapsed underground mine at eMalahleni, Mpumalanga, 

South Africa; photograph by Henk Coetzee (Council for Geoscience), reprinted with permission
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List of Abbreviations: 
AHS  Airborne Hyper-Spectral imaging sensor, covering reflective and thermal domain 
AMD  Acid Mine Drainage – phenomena where due to oxidation processes in soil/rocks waters become acidic 
ATI  Apparent Thermal Inertia – the property of material to preserve heat 
DEM  Digital Elevation Model – a model of the terrain, which can be used to generate realistic 3D images 
DOC  Dissolved Organic Matter – this parameter tells you how much organic matter is dissolved in water 
EO  Earth Observation – a broad range of techniques which are used to gain the data about the environment 
EO-MINERS acronym for this project, co-funded by EC commission 
GIS  Geographical Information System – a kind of database which allows the storage and analysis of  
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GEODIS  A company situated in Brno 
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  plane which is used for remote sensing 
ICP-MS  Inductively coupled plasma mass spectrometry - a method for chemical analysis of soils and other materials 
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1. EO-MINERS project introduction 

The mining industry plays a key role in the development of many countries around the world 

and continues to be an important contributor to both regional and national economies. 

Minerals, and the industries it supports, are among the basic building blocks of modern 

society. While the exploitation of mineral resources in many countries is a vital part of 

economic growth, employment and infrastructure development, it comes at a cost to the 

environment and can negatively impact local communities. Past operations have left a 

historical legacy of environmental and/or societal impacts that affect our perception of 

mining. With the emergence of the concept of sustainable development it is now recognised 

that environmental protection and societal protection is as fundamental to a healthy economy 

and society as is economic growth. However, the need to simultaneously promote 

development in these three areas is challenging even in developed countries. 

The aim of the EO-MINERS project is to develop methods and tools that help to facilitate and 

improve interaction between the mining industry and society through the use of Earth 

Observation (EO) based methods and tools. These methods and tools (using satellite and 

airborne sensors as well as measurements on site) collect data relevant to a particular area 

that can be used to objectively assess potential mining-related environmental and socio-

economic impacts over the whole life-time of a mine, from exploration to final closure. The 

resulting EO products will help to make decision-making processes more transparent. They 

will support discussion between the mining industry, the regulating authorities and other 

stakeholders concerned, such as local communities and NGO. Importantly, they empower 

the public by providing complex geo-information in a way (such as interactive maps) that is 

understandable to stakeholders with diverse expertise and differing levels of background 

knowledge. This is achieved by integrating different processed data sets into single EO 

products. 

The goal of the EO-MINERS research project is to use EO tools to help identify mining-

related environmental and societal footprints. This, in turn will contribute to their reduction 

and improve the societal acceptability of mining projects and related activities. In order to 

achieve this goal, the data collected have to be objective and accurate. Data collected using 

remotely sensed methods, integrated with in situ information, fulfil these criteria.  

The objectives of EO-MINERS are threefold: 

(1) To assess what information is needed to empower stakeholders from global to local 

levels on activities relating to the mining industry (from exploration to mine closure and 

remediation). These needs are then cast into a set of indicators1, which highlight 

environmental and societal issues of concern to stakeholders. 

                                                           
1
 The term indicators is explained in chapter 3. 
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(2) To develop EO products in support of the indicators. These will include existing EO 

methods along with others that were newly developed within EO-MINERS, supported 

by visualisation methods. 

(3) To develop strategies and methods to facilitate an open dialogue between the 

different groups of stakeholders based on objective and accurate information on 

issues of concern.  

 

This approach is demonstrated at three mining areas: 

• In Southern Africa: the eMalahleni Coalfields, Mpumalanga Province, South Africa 

• In Central Asia : the Makmal gold mine, Kyrgyzstan 

• In Europe: the Sokolov lignite open cast mines, Czech Republic 

 

The results referred to in the following chapters are derived from the EO-MINERS project 

(www.eo-miners.eu). A handbook of best practice for both the application of EO techniques, 

as well as the effective support for interaction between the different groups of stakeholders, 

will be a key outcome of the project. 
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2. Aim of the workshop 

This booklet presents site-specific results to date and proposed approaches with a view to 

gathering comments on the usefulness of EO products from you as a stakeholder. The 

booklet serves as preparatory information for the workshop in eMalahleni on the 24th March 

2013 where diverse stakeholders are invited to contribute to discussions. 

Presenting the EO products developed for the mining site of eMalahleni (and the other sites), 

and receiving feedback on their applicability and potential usefulness is a critical step in the 

project. Our dialogue with stakeholders, facilitated further within this workshop, will help to 

assess the usefulness of EO when discussing mining-related concerns.  

The prioritisation of the EO products developed for the eMalahleni coalfield are related to the 

findings from interviews with stakeholders in the eMalahleni area in May 2010 and February 

2011, and on subsequent analyses of what information is of most relevance for you. 

The purpose of this workshop is to explain the EO products we have developed and to invite 

feedback from you, with respect to your main concerns, on the: 

1. Appropriateness of the selection of indicators and supporting EO products 

2. Perceived quality of the EO products 

3. Perceived applicability of the EO products. 

 

In the following chapter, a short introduction is given on how the concept of indicators helped 

us to prioritise EO products for eMalahleni and the other mining sites. Then, the results are 

presented in detail, i.e. the products are presented in light of the issues prioritised (the 

indicators).
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3. Indicators of mining impacts 

The impact of mining operations on the physical and socio-economic environment can be 

complex. The effects of decisions made by the mine owners and operators, regulatory 

authorities, or civil society stakeholders are difficult to assess and predict. In some cases, the 

impacts only become apparent over a long time-scale (up to decades). Absence of objective 

and accurate site data can further complicate monitoring and assessment, and thus also 

delay any actions required. This can result in the lack of social acceptance of mining. 

Meaningful information on complex environmental or social issues can often be more easily 

understood and discussed when provided in the form of indicators. Common economic 

indicators are Gross Domestic Product (GDP), or the Unemployment Rate of countries. Many 

environmental indicators exist. An example of an environmental indicator is counting the 

number of a rare species of animals or birds to estimate the health of the environment within 

a particular area. For more background information on indicators, see the text box below. 

 

What are indicators? 

Indicators offer a metric of the state of complex systems or of issues, or for trends of their 

development, when measurements or observations are repeated over time. An example of a 

commonly accepted economic indicator is the inflation in a given country. It is generally 

considered a lagging indicator, this means it usually changes after the economy as a whole. 

The inflation reflects the (national) decrease in the purchasing power of money (price 

inflation). As the price level can be measured in a multitude of ways, also the inflation can be 

measured by many different measures. Usually it is measured by calculating the change of a 

price index, e.g. the consumer price index, that themselves require lots of background data 

and are consolidated into a single value. This value can be followed from year to year and 

also allows comparisons between different countries, thus indicating change and relative 

performance. 

Indicators must be based on measurable quantities or at least observable and distinguishable 

qualities in order to be useful. While indicators are useful tools to reduce a complex set of 

diverse data, it should be kept in mind that every process of indicator selection or aggregation 

inevitably includes both, a gain in clarity, but also a loss of information. Indicators need to 

have a number of specific qualities and properties in order to be useful, and they must have a 

clearly defined purpose. 
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A multi-pronged approach to developing indicators was used (Figure 1). The approach 

consisted of: 

• the development of an initial set of indicators by technical experts; the development of 

site-specific conceptual models; and 

• interviews at the sites with stakeholders.  

 

Figure 1: Multiple strategy to develop indicators. 

 
These three processes ran in parallel. The process went through several loops of iterations, 

resulting in a set of candidate indicators that are applicable generally, and thus to each of the 

study sites. The development of meaningful indicators is mostly a social process and not an 

engineering process. This social process defines what indicators need to be developed, for 

whom and what purpose. Within EO-MINERS the specialists were in charge of evaluating 

whether or not a proposed indicator could be related to quantities measurable by EO. For 

this reason, the proposed set of indicators was reviewed by them in order to assess their 

measurability using EO techniques. For practical reasons, indicators currently immeasurable 

were disregarded (cf. Figure 2) – without considering the actual needs for measurement. To 

that effect the development of indicators is an iterative process balancing stakeholder 

expectations and operational feasibility. 
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Figure 2 : Relationship between different sets of indicators as defined by the EO-MINERS project (set 

theory representation) of the candidate indicator set 

 

A candidate set of 59 indicators covering eleven thematic areas has been developed in the 

frame of the project, namely on 

A. Land-use B. Mass and energy flows 

C. Air quality and other nuisances D. Soil quality 

E. Water quality F. Transport 

G. Geotechnical hazards and accidents H. Industrial and other accidents 

I. Social impact J. Regional development 

K. Economic vulnerability/resilience  

 

The set of candidate indicators can be found in the appendix. 
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4. Site-specific indicators for eMalahleni Coalfiel d  

Selected stakeholders of the eMalahleni mining area were interviewed by EO-MINERS project 

researchers in May 2010 and February 2011. Notes were taken during these interviews, in some 

cases complemented by sound recordings. The views or concerns expressed and information needs 

related were compared with the set of candidate indicators, i.e. the comprehensive list of 59 indicators 

that are not site-specific. This allowed the team to prioritise indicators, which reflect best those views, 

concerns, and needs of the stakeholders met at the eMalahleni area. 

The stakeholders were grouped into three broad groups of likely diverging views and interests - mine 

operators, regulators and civil society stakeholders. However, at the eMalahleni demonstration site no 

regulators could be interviewed. Within the three groups, a further division was made into those likely 

to have previous knowledge of EO tools, methods and objectives, and those that are less likely to 

have such knowledge. 

An analysis of the interests and concerns of each group was undertaken. The field of interest 

of those stakeholders with and without previous knowledge of EO was very similar, although 

with somewhat different emphasis (Figure 3). Land-use questions seem to be of relevance to 

all groups. Closely related to this are questions of recultivation success and areas indirectly 

affected by mining. Otherwise water quality issues, such as acid mine drainage generation 

appeared to be high on the agenda of most concerned.  

A comparison of operators with civil society stakeholders shows that all are concerned about 

land-use and environmental issues (Figure 4). However, air quality, noise and related 

nuisances seem to be more of concern to the public than to the operators. Overall the data 

show a public concern over off-site environmental and societal impacts, which may be given 

less weight by the operators. 

For the purpose of directing the development of EO products, a subset of indicators was 

selected from the candidate set of indicators. This subset of indicators, for which EO 

products were developed, is shown in Table 1. 

Having outlined some of the principal findings from the interviews with stakeholders in the 

eMalahleni region, the workshop participants are invited to reflect upon the findings and to 

comment on the scope and coverage of the eMalahleni subset of indi cators  (for further 

details on the scope of indicators, see also appendix 1):  

Do the proposed indicators reflect your information needs? 

 



   EO-MINERS collection of selected products 

Project summary and methods 

 

9 

 

 

Figure 3 : Comparison of frequency between issues mentioned for stakeholders with previous EO 

knowledge (red) and without EO knowledge (blue). Classification based on assumptions 
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Figure 4 : Comparison of frequency between issues mentioned for mining operators (red) and civil 

society stakeholders (blue). 
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5. EO-MINERS Products 

This chapter provides a selection of the outputs that were developed using Earth 

Observation techniques within the EO-MINERS project, and that aim to address the 

prioritised indicators (cf. Table 1). A selection of the most representative examples from the 

large amount of data are presented that was collected during the project. Moreover, as the 

project is still ongoing, the outputs shall be regarded as preliminary and can be subject to 

change. Nevertheless, their presentation in this booklet aims to prepare discussions at the 

workshop. At a later stage, the final products will be placed on the EO-MINERS website 

(http://www.eo-miners.eu/). The EO products presented in this chapter and discussed in the 

workshop are listed in Table 1. 

 

The products will be described and explained in the workshop, and the functionality of the 

digital counterparts e.g. the PDF files, will be illustrated. While the images in this booklet are 

static, their digital counterparts enable greater interaction with the data, so that, for example, 

various layers of information can be turned on/off to see how they relate to eachother; while 

useful functionality is also available such as the ability to measure distances and areas. The 

PDF files will be available for download from the EO-MINERS website. Addtional digital 

outputs include three dimensional (3D) visualisations which can be displayed in full resolution 

in programs such as GeoVisionary(TM) and in lower resolution in GoogleEarth(TM). 
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We ask you for your general feedback on the Earth Observation products presented on the 

following pages. More specifically, we would be pleased to receive your opinion on the 

following questions: 

 

with regard to comprehension : 

• Do the EO products present the mapped information in a clear and understandable 

way? 

• Which EO products are (most) useful / interesting for you (“top three”)?  

• Which EO products tell you something new? Would you consider using one or more 

of the EO products presented? 

 

with regard to their technical implementation: 

• Do the EO products support the concerns you initially raised (i.e. do they support the 

indicators - cf. Table 1)? 

• Are there any concerns with regard to the parameters (ie Chromium etc) that were 

selected to provide information about your concerns? Should or could we have used 

different parameters)?  

• Is the detail (i.e. spatial resolution) of the EO products sufficient to satisfy your 

needs? Otherwise, what level of detail would be more appropriate? 

• For one of the EO products, could you suggest a different way of showing the 

information/data that would be more useful or understandable? 

 

We would like to discuss with you not only the usefulness of the individual EO products for 

your purposes, but also what appears to be the added value of EO products over alternative 

options for obtaining relevant information. Would you estimate that the use of EO products 

provides information relevant for your decisions (a) that otherwise would not at all be 

available or (b) that has already been measured or could be measured, but with higher 

efforts (time, money)? 

 

 

 



        
 EO-MINERS collection of selected products 

eMalahleni demonstration site EO-MINERS outputs  

 

13 

 

Table 1 : EO-MINERS products and related indicators for the eMalahleni area. All of the products were 

compiled by BGS. 

 Product Title Related Indicator Primary contact 

1 
Change of the mining footprint 
through time 

Land Use: A1 : Total land use by mining and 
milling 

Stephane Chevrel (BRGM) 
s.chevrel@brgm.fr  

2 
Residential land use around 
mining areas 

Land Use: A4 : Residential land use (residential 
developments around mining areas) 

Stephane Chevrel (BRGM) 
s.chevrel@brgm.fr  

Land Use: A5 : Informal settlement (sprawl of 
squatters areas, slums) 

3 Urban footprint 

Land Use: A4 : Residential land use (residential 
developments around mining areas) Christian Fischer (DLR) 

c.fischer@dlr.de  
 Land Use: A5 : Informal settlement (sprawl of 

squatters areas, slums) 

4 
Mining and areas of ecological 
importance 

Land Use: A6 : Site set aside, protected areas 
(nature reserves, wetlands, sites of spiritual 
value and similar) 

Stephane Chevrel (BRGM) 
s.chevrel@brgm.fr 
 
Henk Coetzee (CGS) 
henkc@geoscience.org.za  

5 

i) Distribution map of antimony 
(Sb) dust contamination 

Air Quality and other Nuisances: D1 : 
Aerosols (particle concentration in off-site air) 

Gorazd Žibret (GeoZS) 
gorazd.zibret@geo-zs.si 

ii) Distribution map of chromium 
(Cr) dust contamination 

iii) Distribution map of vanadium 
(V) dust contamination 

iv) Distribution map of barium 
(Ba) dust contamination 

6 
Acid mine drainage 
contamination potential 

Water Quality: E4 : Acid drainage generation 
potential (distribution of sulphidic iron minerals) 

Eyal Ben-Dor (TAU) 
bendor@post.tau.ac.il 
 
Stephane Chevrel (BRGM) 
s.chevrel@brgm.fr 

7 Density of road per km2 
Transport: F2 : Land fragmentation by 
transport infrastructure 

Stephane Chevrel (BRGM) 
s.chevrel@brgm.fr 

8 
Geotechnical hazards and 
ground stability 

Geotechnical Hazards and Accidents: G2 : 
Ground stability (changes in elevation of areas 
unaffected by residue disposal) 

Christian Fischer (DLR) 
c.fischer@dlr.de  
 
Henk Coetzee (CGS) 
henkc@geoscience.org.za  
 
Colm Jordan (BGS) 
cjj@bgs.ac.uk 

9 
Geotechnical hazards: mining-
related fires 

Geotechnical Hazards and Accidents: G4 : 
Underground and mining waste deposit fires  

Christian Fischer (DLR) 
c.fischer@dlr.de  
 
Henk Coetzee (CGS) 
henkc@geoscience.org.za 
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Fig. 5: Change of the mining footprint through time (Indicator A1). 

�

�

�

�

�
�

�

�

�

�

�

�

�
�

Bisho

Durban

Pretoria

Kimberley

Nelspruit

Cape Town

East London

Bloemfontein

Johannesburg

Port Elizabeth

Pietersburg (Polokwane)

South Africa

Namibia

Botswana

Zimbabwe

Railway

River

Town�

National route

Interchange

Main road

Secondary road

Other roads

eMalahleni municipality

In 1989

In 2010

In 2002

Mining footprint

Legend:  Interpretation: 

This product shows how the amount of land used by mining (i.e. the footprint) has 

changed between 1989 and 2010 in eMalahleni and the neighbouring area. Although 

the shape of the mining footprint differed between 1989 and 2002, the total area 

occupied by mining remained largely unchanged. However, between 2002 and 2010, 

the total area occupied by mining more than doubled from 16,000 hectares to 

40,000 hectares.  

The land occupied by mining was mapped through visual interpretation of satellite 

imagery (i.e. Landsat TM). 

The product relates to indicator A1 Total land used by mining. 

Framework: 

The EO-MINERS project (Earth Observation for Monitoring and Observing Environmental and Societal 

Impacts of Mineral Resources Exploration and Exploitation) is running with financial support from the 

European Commission under the Seventh Framework Programme, FP7-ENV-2009-1, Grant Agreement 

No 244242. 

Whilst this product is realised to the best of our ability using the available resources, the producers are 

not liable for its content or consequences arising from its use. 

For more information regarding this product and the EO-MINERS project please visit www.eo-

miners.eu. 

©EO-MINERS project 2013 
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Fig. 6: Residential land use around mining areas (Indicators A4 and A5). 
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Framework: 

The EO-MINERS project (Earth Observation for Monitoring and Observing Environmental and Societal Impacts of 

Mineral Resources Exploration and Exploitation) is running with financial support from the European Commission 

under the Seventh Framework Programme, FP7-ENV-2009-1, Grant Agreement No 244242. 

Whilst this product is realised to the best of our ability using the available resources, the producers are not liable for 

its content or consequences arising from its use. 

For more information regarding this product and the EO-MINERS project please visit www.eo-miners.eu. 

©EO-MINERS project 2013 

Interpretation: 

This product shows residential developments (both formal and informal) around the 

mining areas in the eMalahleni municipality and neighbouring area. Residential 

developments within 500m of mining areas are identified in yellow. These show the 

areas potentially most at risk from associated issues such as heavy truck traffic, 

structural damage and dust pollution. 

Mining areas and formal and informal residential developments were mapped 

through visual interpretation from satellite imagery (i.e. Landsat TM and SPOT). For 

comparison, residential developments from the 2011 census are also shown in the 

insets. These comparisons show that satellite imagery is a useful tool for mapping 

and also monitoring residential developments and urban planning. 

The product relates to indicators A4 Residential land use (residential land use around 

mining areas) and A5 Informal settlements (sprawl of squatters areas). 
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Fig. 7 : Urban footprint (Indicators A4 and A5). 
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Framework: 

The EO-MINERS project (Earth Observation for Monitoring and Observing Environmental and Societal Impacts of Mineral 

Resources Exploration and Exploitation) is running with financial support from the European Commission under the 

Seventh Framework Programme, FP7-ENV-2009-1, Grant Agreement No 244242. 

Whilst this product is realised to the best of our ability using the available resources, the producers are not liable for its 
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Interpretation: 

This product shows urban areas (residential and industrial) in the eMalahleni municipality 

that have been automatically mapped using Synthetic-Aperture Radar (SAR) data. Due to 

the high resolution capability of TerraSAR-X, individual buildings can be identified in the 

images. Satellites like TerraSAR-X regularly record new images, which means that the 

extent of urban areas and how these change can easily be monitored over time. Further 

analyses and combinations with other data allow different types of urban structures and 

residential developments to be identified. This information can be used to support local 

and regional planning activities. It can also be used to gain a better understanding of the 

societal issues associated with mining, particularly the proximity of buildings to mining 

areas. 

The product can be related to indicators A4 Residential land use (residential land use 

around mining areas) and A5 Informal settlements (sprawl of squatters areas). 
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Fig. 8 : Mining and areas of ecological importance (Indicator A6).
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Interpretation: 

This product shows mining areas in relation to areas of ecological importance in the 

eMalahleni municipality. It shows that mining occurs close to and coincides with 

many areas of significant ecological importance. In these areas, mining-related 

issues such as air pollution, land loss and degradation, and acid mine drainage 

(AMD) could damage the natural habitat and therefore affect both species diversity 

and numbers. 

The land occupied by mining was mapped through visual interpretation of satellite 

imagery (i.e. Landsat TM). The habitat classification information was adapted from 

that contained in the eMalahleni municipality Geographical Information System 

(GIS). 

The product relates to indicator A6 Sites set aside and protected areas. 
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Fig. 9 : Dust Pollution (Indicator D1). 
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Interpretation: 

This product shows the content of four metals measured in street dust samples collected in eMalahleni in February 

2011. 

Street dust is a complex mixture of different materials of both natural and anthropogenic origin. Dust particles of 

natural origin include soils, volcanic ash, pollen, plant remains and smoke from forest fires. Anthropogenic dust 

particles can originate from weathering and abrasion of man-made materials (e.g. asphalt, concrete), demolition or 

construction activities, metal and energy production (e.g. smelters, coal-burning power stations), agriculture and 

road traffic (e.g. wear of brake pads and tyres, fuel combustion).  

Dust produced through these various mechanisms is first released into the atmosphere before being deposited at 

street level, and then subsequently remobilised by wind or passing traffic, for example. As a result, street dust 

particles often form a major component of the air that we breathe. However, street dust can contain high amounts 

of toxic metals, especially in urban environments and close to busy roads and industrial areas. Accordingly, dust 

containing high levels of toxic metals can pose a health risk, particularly to young children, because such metals can 

easily enter into the blood stream through the ingestion or inhalation of the relatively fine-grained dust particles. 

Additionally, because some of these toxic metals are easily be dissolved in water, the runoff produced following a 

rainy period can lead to contamination of the surface water and potentially harm aquatic life. By analysing the 

chemical composition of the deposited street dust, we are able to identify its potential source (e.g. vehicles). 

It relates to indicator D1 Aerosols (particles concentration in off-site air). 
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Fig. 10 : Acid mine drainage contamination potential (Indicator E4).
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Interpretation: 

This product assesses the potential effect of acid mine drainage (AMD) on water quality. It 

shows where minerals associated with AMD occur (in 2011) in relation to where surface 

water flows. It also shows the potential downstream flow paths of AMD contamination 

from several sources, and pre-existing contaminated surface water. AMD-producing 

minerals frequently occur close to drainage channels, potentially putting them at risk of 

contamination. 

Possible AMD-producing minerals and contaminated water were mapped using satellite 

imagery (World View II) and aerial photography, respectively. Drainage channels and the 

potential downstream flow paths were mapped using a 1-m Digital Elevation Model. 

This product relates to indicator E4 Acid Mine Drainage generation potential (distribution of 

sulphidic iron minerals). 
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Fig. 11:  Density of road per km2 (Indicator F2). 
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Interpretation: 

This product shows the road infrastructure and the possible impact it has on the 

landscape in eMalahleni municipality. The total length of road within a given area can be 

used as a measure of how fragmented (or divided) the landscape is, with large values 

indicating a high degree of land fragmentation. A high degree of land fragmentation can 

be seen in the main urban area of Witbank and in developments that appear to be coal-

related (e.g. mining areas and power stations). Land fragmentation can cause 

disturbance of migratory species, constraints on farming and traffic disturbances to 

communities. 

The road infrastructure was mapped using satellite imagery (i.e. SPOT), and the length of 

road per square kilometer was subsequently derived from this. 

The product relates to indicator F2 Land fragmentation by transport infrastructure. Railway
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Fig. 12 : Geotechnical hazards and ground stability (Indicator G2). 
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Interpretation: 

This product shows high resolution elevation data from an airborne system called 

LiDAR along with aerial photos and satellite imagery from WorldView II. 

The high resolution elevation data enables subtle features on the ground (such as sink 

holes) to be identified, many of which are the result of underground mining that may 

cause some ground movement or mining-related subsidence. In this map, the cross 

section in the upper left inset box shows where the ground has moved due to 

underground mining. The insets also include slope maps derived from the elevation 

data. These indicate the steepness of the terrain; this in turn is a factor for stability 

and can highlight the location of collapse structures or areas at potential risk of 

collapse. 

This relates to Indicator G2, Geotechnical hazards and ground stability. 
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Fig. 13 : Geotechnical hazard: mining-related fires (Indicators G4). 
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Interpretation: 

This product shows the night-time surface temperature as measured using an airborne 

thermal infra-red camera. While ground measurements can provide only local information, 

an airborne survey allows complete coverage of a much larger area. This information can be 

used to locate high temperature anomalies that potentially relate to subsurface coal fires in 

mining areas. Repeat-measurements can support monitoring of known coal fires and their 

severity, as well as locating new fires. Such analysis can take advantage of ground stability 

data, by linking collapse structures to high temprature events to provide a better 

understanding of the subsurface conditions (see upper left map inset). 

Data processing and product compilation was done by KOPANO. The measured temperatures 

were validated against ground survey reference measurements of different land-cover types. 

The product relates to indicators G4 Geotechnical Hazards and Accidents: Underground and 

mining waste deposit fires. 
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Appendix 1. Consolidated Set of Candidate Indicator s for the EO-MINERS Project. 

 

A Land-use 

A1 Total land-use by mining and milling  - topographical footprint. 

 The total area used by the mine/mill is an overarching proxy for a variety of environmental and social 
impacts. The assumption is that the larger the area the larger the impact. 

A2 Mining land-use intensity  – topographical footprint vs. amount of marketable product. 

 A time series of this indicator gives an impression of the space occupied by the mining and 
milling/energy conversion operation vs. the amount of end product that leaves the operation as 
marketable product. Changes in space intensity can point to less efficient residues management, 
lower quality of ore/coal, or deeper mining required. 

A3 Artisanal and Small-Scale Mining  – topographical footprint of ASM sites. 

 Number of operating/abandoned sites of artisanal and small-scale mining (ASM). 

A4 Residential land use  - residential developments around mining areas. 

 The spatial relationship between residential and mining areas could be an indicator for potential use 
conflicts and impacts on health and safety. 

A5 Informal settlements  – sprawl of squatters areas, slums. 

 Mining areas attract a variety of people and can cause the development of informal settlements in 
areas where there is not sufficient enforcement of zoning regulations. These suffer from poor piped 
water quality and in-house air pollution caused by using the bottom quality coal they collect. 

A6 Sites set aside, protected areas  – nature reserves, wetlands, sites of spiritual value and similar. 

 On the basis of the current land use planning/zoning regulations at the site, this indicates constraints 
on mine development and also indicates zones sensitive to environmental impact arising from the 
mine. 

A7 Surface water courses  – percentage area covered by surface waters. 

 Changes in surface area of lakes, rivers etc. can point to mining-induced changes in the water 
balance 

A8 Recultivation success on mined-out areas and waste/ spoil heaps  – designated mining areas 
covered by specific vegetation (grassland, forest, water bodies, ...), area returned to agricultural use. 

 The remediation of mining and milling sites, including waste management areas (waste/spoil heaps) 
may include the recultivation of residues management sites with predetermined plant communities. 
Ground-covering vegetation is the best provision against wind erosion and an easy-to-monitor 
measure of recultivation efforts. Background information required: Legal provisions regarding 
submission of remediation plans (environmental, also employment) upfront, backed by a sufficient 
deposit payment to make remediation economically sensible. 
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APPENDIX 1 continue. 

A9 Areas indirectly affected and its potential use  - Impact of mining on the potential use of operation 
and surrounding areas, impact on land value / prices (opportunity cost). 

 The type and economic value of potential alternative uses are location specific; the relevant 
characteristics need to be identified. Once described And validated by ground work, they can 
potentially be monitored by EO techniques. 

A10 Existence and legal status of environmental impact assessments  – for the operation and the 
remediation phase. 

 Related to A7, but exploring the legal basis and indicating whether a lack of regulation or a lack of 
enforcement is the main course in case of negative impacts 

B Mass Flows and Energy Flows 

B1 Waste volumes generated  – volume (change) vs. amount of marketable product. 

 This indicator is related to A1, but would require the determination of volume changes in deposited 
materials. Such an indicator points towards the ore-grade mined, the depths of the mine and the 
efficiency of the mining technique. When properly contextualised, this indicator allows comparisons 
between mines/mine types and the analysis of time series for a particular mine. 

B2 Erosion  – erosional losses on residues heaps. 

 Erosion of residues heaps can lead to the dispersion of contaminants and the degradation of 
agricultural soils. 

B3 Total energy consumption per ton of coal / lignite /ore produced. 

 This indicator gives an impression of the energy efficiency of the operation. It is related to Indicator 
B1. In addition to allow intercomparison between different (types of) mines and in a time series also 
allows to assess efficiency gains. 

B4 Energy Return on Energy Investment (EROI). 

 EROI is a measure for assessing at policy-making level, whether a mining operation for fuel materials 
makes sense from an energy balance point of view. 

C Soil quality 

C1 Contaminant concentrations. 

 One or more indicator that describes toxicological or radiological contamination relevant elements or 
compounds. In the case of radiological contamination, this could also be gamma-fields. 

C2 Soil fertility of remediated mine areas. 

 Related to A3 and A4, but assessing the potential, rather than the actual vegetation. Also focusing on 
agricultural plants, rather than perennial plants. 

D Air quality and other nuisances 

D1 Aerosols – particle concentration in off-site air. 

 Aerosols, dust, in itself constitutes a nuisance or a health hazard, in particular if they contribute to 
high concentrations in in-house air, e.g. in worker dormitories. At the same time it can be an indicator 
of the quality of operational and residues management. 
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APPENDIX 1 continue. 

D2 Volatiles  – emission of gases from waste deposits (composition and sources). 

 Volatiles released can be a nuisance (odour) health hazard (e.g. carcinogenic) as well as a technical 
risk (e.g. if combustible). In addition, they can jeopardise recultivation, e.g. methane in the soil can 
suffocate plants. 

D3 Air-related health impacts  – incidence of health problems due to air-borne pollutants. 

 Besides gaseous emissions (D2) particulate matter (partly from erosion, partly from production 
processes) can cause air-related health impacts; metals like Cr6 are of particular health relevance. 
Could become part of risk maps generated based on EO results. 

D4 Air-related soil degradation  – soil fertility loss due to particulates deposited. 

 Besides gaseous emissions (D2) particulate matter (partly from erosion, partly from production 
processes) can lead to soil quality degradation. 

D5 Noise from blasting and machinery  - proximity and impact on settlements. 

D6 Vibrations from blasting  - proximity and impact on settlements, damage to houses and other risks. 

E Water quality 

E1 Hydrological balance  – relates the natural water balance to the use of the catchment area. 

 Measurements of the amount of precipitation, evaporation, discharge and abstraction per catchment 
area, i.e. total water natural and anthropogenically induced flows in and out of the catchment area. 

E2 Process waters and contaminated surface run-off / s torm water  – volumes of waters 
treated/untreated/directly discharged to surface-water courses. 

E3 Aqueous contaminant releases  – contaminant concentrations in (surface) water bodies. 

E4 Acid Drainage Generation Potential  – distribution of sulfidic minerals. 

 Acid drainage from mines and residue heaps can have significant impacts on water courses. The 
distribution of sulfidic iron-minerals indicates the potential for acid drainage generation. 

E5 Seepage from engineered structures  – quantity and quality. 

 Seepage, e.g. from tailings ponds, can be a vehicle for contaminant release and also an early 
indicator for problems with dam stability. Seepage can affect surface-water courses and ground 
waters. 

E6 Drinking/irrigation water availability  – quantity and quality. 

 Amount of clean(able) drinking and irrigation water that can be supplied in a sustainable way. 

F Transport 

F1 Road / rail freight volumes from/to operation sites  – frequency and type of traffic. 

F2 Land fragmentation by transport infrastructure. 

 ‚Length of infrastructure’, or (better) ‚density [km/km2]’, ‚median and maximum size of not fragmented 
patches’, and ‚distance to next undisturbed site’ measure the dominant pressure an operation enacts 
on biodiversity and other aspects of the environment. 
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APPENDIX 1 continue. 

F3 Local air, noise and accident impacts from transpor t. 

 Impacts from transport outside the operational area (see also D) 

F4 Transport infrastructure quality.  

 Heavy mine traffic may use public roads and add to their degradation without adequate 
compensation. 

F5 Accessibility due to mine-related transport infrast ructure.  

 Mining companies may build transport infrastructure that also can be used by the local population, 
thus improving access. 

G Geotechnical hazards and accidents 

G1 Grade of slopes  – steepness of engineered slopes vs. height. 

 A too steep slope of residues heaps or dams can indicate potential geotechnical risks of failure. The 
indicator can be used for initial assessment and problem scoping, but will have to be related to the 
materials properties determined on the ground for a more detailed assessment. 

G2 Ground stability  – changes in the elevation of areas unaffected by residue disposal. 

 Subsidence, pothole formation and other ground movement indicate inadequate underground mining 
techniques when exceeding certain rates of change. Sudden major losses of recultivation area 
indicate planning and/or management mistakes (not taking into account extreme events). 

G3 Dam stability  – water saturation in retaining dams. 

 As was demonstrated recently in Hungary, failing retaining dams of tailings ponds can have a 
significant environmental impact and threaten life and property. Water saturation, leading to 
subrosion and piping can be an early indicator for impeding disaster. 

G4 Underground and mining waste deposit fires  – number, duration and area affected. 

 Underground fires of coal seams or bituminous materials, and mining waste fires can be caused by 
natural processes or be the result of (mining) accidents. They mean loss of natural resources, but 
also CO2 emissions and nuisance due to smoke. 

G5 Flooding risks  – area that may be exposed to flooding. 

 Mapping of areas that could be under threat from flooding due to breaking retaining dams of tailings 
ponds etc. 

H Industrial and other accidents 

H1 Accidents in the mining / milling operation.  

 Working days lost and other societal costs due to workplace accidents 

H2 Accidents in the operation environment (transport, construction etc.).  

 Working days lost and other societal costs due to workplace accidents 
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APPENDIX 1 continue. 

H3 Damages and accidents on neighbouring land due to g round instability. 

 Related to G2, but focusing on the impacts. Cracked or collapsing buildings, water-collecting 
depressions that devalue agricultural land etc. can be caused by mining-induces ground instability. 
The damages and the compensation payments are relevant factors for determining the economic 
impact. 

I Social impacts 

I1 Number of jobs created.  

 Qualification levels, median salary, working hours, gender balance 

I2 Job security (long term). 

 Average duration of employment, share of local citizens in staff at different levels, share of workers 
retiring early, share of staff 60-65 years 

I3 Contribution to regional income.  

 Share of population, remuneration relative to business sector standards and to regional average 

I4 Education provided.  

 In-house education and training for company specific skills / for general employability, education and 
training provided by whom (company, business associations, public authorities, etc.), for whom 
(income group, qualification level and sex of participants) 

I5 Health-care and welfare infrastructure provided by mining companies.  

 In more remote areas mining companies often provide for infrastructure, even to non-mine staff. 

I6 Civil rights in mining companies.  

 The right to organise, to freedom of speech (including on melperformance and cover-ups), and the 
means to secure such rights such as to an ombudsman or the like. 

I7 Civil society activism level.  

 Existence of pressure groups, lobbies, activists and their level of public resonance and political 
influence on the local and regional level. 

J Regional development 

J1 Mandatory contributions. 

 Taxes paid, share in local, regional and national tax income, including other mandatory 
payments/obligations, expenditures caused by mining operations (administrative procedures, 
monitoring, enforcement, etc.) 

J2 Voluntary contributions to the community. 

 Donation of money and/or staff working hours to activities of public interest / for the common good, 
etc. on the local level 
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APPENDIX 1 continue. 

J3 Infrastructure development.  

 Housing, industrial premises, roads/railroads, sealed areas. Akin to A2 and F2, but assessing 
qualitative as well as quantitative changes. The number of houses and industrial premises and their 
state would indicate economic developments. 

J4 Existence and effectiveness of local/regional insti tutions for information management. 

 Collecting and integrating monitoring information, comparing to benchmarks (best practice), making 
this information publicly accessible 

J5 Capabilities of local and regional authorities.  

 For monitoring and compliance enforcement, including the capability to make use of EO-information, 
in particular remote sensing data 

K Economic Vulnerability/Resilience 

K1 Risk for the community. 

 Share of income and employment dependent on the mining operation. 

K2 Corporate vulnerability. 

 Dependency ratios (on the largest supplier, e.g. for key equipment parts, main customer, logistics 
partner, etc.). 

K3 Vulnerability management cost. 

 Payment to insurance companies, liability regulations, management accountability regulations, or 
similar issues 

K4 Damage costs.  

 Payments for violation of environmental, social, taxation or other legal provisions (polluter pays 
principle, speculator pays principle), compensation payments for health and other damages, cases of 
and fines paid and due for social, ethnic, gender or other discrimination. 

K5 Sustainability management plan.  

 Sustainable development part of the core strategy with board level responsibility. Core strategy vs. 
sub-strategy vs. PR, voluntary code of conduct? Regular sustainability report? 

K6 Prevalence of corruption.  

 Direct and indirect assessment of the levels of corruption around mining issues relevant to 
stakeholders, such as enforcement of rules and regulations pertaining to land-use planning or 
environmental impact assessment. 

 

 

 Framework: 

The EO-MINERS project (Earth Observation for Monitoring and Observing Environmental and Societal Impacts of Mineral Resources Exploration 

and Exploitation) is running with financial support from the European Commission under the Seventh Framework Programme, FP7-ENV-2009-

1, Grant Agreement No 244242. 


