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ABSTRACT:

Aerial photos are the suitable data source for todng landscape changes. The black coal deep gistiows specific
way in the landscape. During the coal extracticgréhs an anthropogenic transformation of surfate anthropogenic forms of
relief rise: waste banks, tailings ponds, handbnegs, etc. A large influence on the relief chargessalso undermining, which the
images show in particular the emergence of the suiped ground subsidences and decrease buildings. wesult, there is a
significant change in the land cover of the area.

The study deals with the symptoms of the black dealp mining on the aerial photos. Changes in thdskzape due to underground
black coal mining are presented on the exampléetentral part of the Ostrava-Karvina Mining Digt{Czech Republic). As the

data sources were used archival black and whiialg#rotos and contemporary color aerial photomfthe period from the year

1947 to the year 2003.

1. INTRODUCTION
Germany

In the second half of the 19th century the Osti@mva Karvina
regions became fast growing industrialized areasbfids of
quality hard coal that had been discovered in ¢heétory. One-
time agricultural regions gradually change intousilial areas
with dominant mining, metallurgic and chemical isthies. All
these activities, headed by hard coal mining, foans the
landscape of the Ostrava and Karvina regions sigmifly.

The displays of hard coal deep mining in landsdapelve the
occurrence of anthropogenic landforms directly teslato
mining activities as well as land cover changes &na related
to mining indirectly. A majority of these changesancbe
interpreted on the basis of aerial photos and tiewelopment
analysed using multitemporal data. 0 __50 100 150km
Central parts of the Ostrava-Karvind Mining Distriiiarvina-

Doly 1, Karvina-Doly Il and Darkov Allotments) havbeen

chosen for aerial photo presentation of deep mimiisplays.

The Ostrava-Karvind Mining District (OKMD) occupies

approximately 50% of the Karvind region situated the

Moravskoslezsky Region, in the north-east of the Bzec

Republic (Figure 1). Northern and eastern bord¢heKarvina

region is the state border with Poland. The OKMDbeve coal-

bearing layers of the Carboniferous age are four((2010), ® selected towns
represents the southern part of the Upper SileSiaal Basin border of region
whose major part lies in the territory of the ndighbring ——— border of OKMD
Poland (its area is 7000 kmi500 knd of which in the territory [ Karviné District
of the Czech Republic). Hard coal deep mining has badng arvina Listric
place in the district since 1850s. The OKMD 'S_d‘?d into 3 Figure 1. Localization of the Ostrava-Karvina MigiBistrict
parts: Ostrava, Karvina and Southern part. The iKariistrict (OKMD) and the Karvina region within the Czech
belongs to areas with ongoing hard coal deep mining

Poland

Germany

Slovakia

Republic

Aerial photos represent a significant data sourt®rgoing
landscape transformation with regard to relativaijgh
dynamics of anthropogenically conditioned landscelpanges
in hard coal deep mining areas. The study of qualitotos of
mining displays in the landscape is based on tircipies of
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visual photointerpretation whose aim is to ideniifigividual
objects and assess their importance (Philipson7 19%¢Glone,
2004 in Jensen, 2006). Aerial photo interpretastarts from
visual perception related to objects of the outerldvCiolkosz,
Miszalski, Oledzki, 1999).

The displays of deep coal mining in the landscapeewletected

using contact copies of archive black-and-whitdahgrhotos
from the period of 1947 to 1995 (provided by thelidliy
Geography and Hydrometeorology Office in DobruSaa) a
coloured orthophoto from 2003 (map service of thetd of the
Public Administration of the Czech Republic).

The surface consequences of hard coal deep minieg a

characterized by the occurrence of anthropogemidftams
directly related to mining (waste banks, submergedund

subsidences, tailings ponds, manipulation areas &econdary

subsurface coal mining leads to the process of ddranent
(e.g. the transformation of continuous urban falimio green

urban areas), the occurrence of reclamation aiesao deal

with the consequences of mining activity, or thaestauction of
communications.

2. DISPLAYSOF HARD COAL DEEP MINING
2.1 Primary displays

Hard coal deep mining is
anthropogenic landforms directly related to miniagtivity.
These include post-mining landforms (waste banksumd
subsidences) and industrial landforms
manipulation areas).

211 Waste banks. Waste banks represent
landforms whose area can reach from a few areden® of
hectares (Havrlant 1980). They originate as a testilthe
deposition of extracted coal waste. The OKMD arsdudes
the following types of waste banks (Havrlant 1986@ne-
shaped waste banks, waste piles, plate-shaped \wastes,

terrace-like waste banks, flat waste piles or thembinations.

Active waste banks in the photos represent vegetditee
surfaces with clearly visible contours (Figure Zhey are
generally found in the proximity of mine buildings.
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primarily manifested by

Figure 2. Waste banks in (a) an aerial photo fr@#71(© MO
CR/GeoSI| ACR) and (b) an aerial photo from 2003

Waste banks are reclaimed after waste piling isniteated
(Figure 3).

Figure 3. The part of reclaimed waste bank in 2003

212 Ground subsidences. Ground subsidences originate

(tailings dspn as a result of the surface subsidence above thedatint space

(Demek, 1988). It concerns flat subsidences whizgedepends
on geological conditions, tectonics and the arehthitkness of

convex coal-seams (Havrlant, 1980). The subsidences céitiduoewith
Submerged ground subsidences are displays of

water.
unfavourable disturbance of the regime of surfaced a
subsurface waters the level of which has infildlatdbove the
bottom of subsided terrain (Zapletal, 1969).

The occurrence of ground subsidences is therefopeinsary
display of mining activity. Aerial photos help tatérpret
particularly submerged ground subsidences thatesept a
secondary display of undermining and that, to gdaextent,
take part in the process of submerging. Unlike otivater
surfaces they usually have an irregular broken eliggure 4).
Submerged ground subsidences positively affect ogazl
value of landscape as they increase species divessithe
territory. Their banks are occupied by wetland plapecies,
rare invertebrates (e.g. specially protected dréigsn
crayfishes, shells) and other important animal igsec
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2.1.4 Manipulation areas. Manipulation areas are generally
found in the proximity of mine buildings, tailingsonds, or
waste banks. It concerns bare surfaces, either esoror
concave, serving as manipulation areas for e.gspart (Figure
7).

b
Figure 4. Submerged ground subsidences (a) inréad paoto
from 1947 (© MOCR/GeoSI ACR) and (b) in an
aerial photo from 2003

213 Tailings ponds. Hard coal deep mining area involves

also a few types of ponds: flotation tailing pondsal ash a
ponds, coal sludge ponds and final sedimentationdpo It
particularly concerns water surfaces of a regulaften
geometric, shape in the proximity of mine buildirfg&ure 5).
b

Figure 7. Manipulation areas (a) in an aerial pHaim 1947
(© MO CR/GeoSI ACR) and (b) in an aerial photo
from 2003

2.1.5 Mine buildings: Individual mine buildings including
a winding tower and other mining-related buildingsn be
identified in aerial photographs (Figure 8).

b

Figure 5. Tailings ponds in (a) an aerial photorfrd947 (©
MO CR/GeoSI ACR) and (b) an aerial photo from
2003

Final sedimentation ponds can have a characteatofal water
surfaces, which makes their interpretation in &ephotos
difficult (Figure 6).

Figure 8. Mine buildings (a) in an aerial photonfra947 (©
MO CR/GeoSI ACR) and (b) in an aerial photo from
2003

Figure 6. Final sedimentation pond in an aerialtplimm 2003 It can include temporary buildings that are renesaafter the

mining activity termination. For example, the acdahe CSA 3
Mine (Jindich Pit), which is visible in aerial photos from71B
in the western part of the Karvina-Doly | Allotmenivas
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covered with soil and grassed after the demolitbbuildings.
A contemporary orthophoto shows trees, scrub ambalceous
vegetation associations in this area. What poiat®rte-time
mining activities in this area are the foundati@fi®ld mining
buildings that are visible in the orthophoto fro®02 (Figure
9).

b
Figure 9. Area of th€SA (a) in an aerial photo from 1971 (©
MO CR/GeoSI A°R) and (b) in an aerial photo from
2003

2.2 Secondary displays

Hard coal deep mining has also secondary displayshé

landscape which are characterized by the occurresfce
anthropogenic landforms indirectly related to mgin
(reclamation areas, dry tailings ponds, commurocai or land

cover change (vegetation-free surfaces).

221 Reclamation areas. It concerns temporary convex
landforms in a shape of low flat waste banks. Thebsmuld be
aligned with the surrounding landscape after theiteation of
reclamation works. Reclamation areas are createnfder to
deal with negative effects of hard coal deep minifige photos
facilitate easy interpretation of new reclamatioeas in the
form of bare surfaces (Figure 10).

'3 I".w?'J-E v
as in an aerial photo 20068

222 Dry talings ponds. These are shallow concave
vegetation-free landforms that appear in the lampsafter the
termination of sludge management activities (Figlig Filled
tailings ponds dry out and if no reclamation isrieat out, they
gradually overgrow with self-seeded vegetation.

b
Figure 11. Dry tailings ponds (a) in an aerial ghipom 1947
(© MO CR/GeoSI AR) and (b) in an aerial photo
from 2003

2.2.3 Communication landforms: In the case of
undermined area embankments are created to levécsu
deformations damaging communications. As a restilthe

modification of communication height embankmentacheng

up to a few meters are built. The types of embamitsjevhich

are characterized by line shapes and thereforby édsntifiable

in aerial photos, involve railway and road embankises well
as embankments of engineering networks (Figure 12).

Figure 12. ilway embankment in an aerial photnf903

224 Vegetation-free surfaces. Vegetation-free surfaces
that represent secondary displays of deep miniagresst often
related to bare surfaces appearing particularlgr dfiuilding
demolition (Figure 13). Their duration is relatiyahort as they
gradually overgrow with self-seeded vegetation.
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F b
Figure 13. Vegetation-free surfaces (a) in an bphato
from 1947 (© MOCR/GeoSI A'R) and (b) in an aerial photo
from 2003

3. PROCESSESRELATED TO DEEP MINING

Time series of aerial photos enable to observe stk
changes on the basis of ongoing processes thatecaisually
interpreted indirectly from land cover changes. Timest
frequent mining-related processes involve submegeand
abandonment that can consequently lead to the sooé
forestation.

3.1 Abandonment

As based on multitemporal aerial photos, the pces
abandonment can be identified at places where icaatif
surfaces, agricultural areas, forests or water dsodiansform
into semi-natural areas of trees, scrub and/or dverdus
vegetation associations (Figure 14).
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b
Figure 14. The process of abandonment in the @difsurfaces
(a) an aerial photo from 1947 (© MCR/GeoSI
ACR) and (b) an aerial photo from 2003

Undermining that causes land surface deformaticerseiglly
leads to the disturbance of the structural meckasfibuildings
and consequently to their demolition. The photesudy show a
visible decrease in the build-up area and its grhduergrowth
by self-seeded vegetation. A typical example is @neirch of
St. Peter of Alcantara in the northern part of Keevina-Doly

Il Allotment (Figure 15). As a result of mining adty the

church subsided by 36 m.

Figure 15. Contemporary view of the Church of StePef
Alcantara

All buildings in the proximity of the church haveedn
demolished. A submerged ground subsidence is lddatehe
east of the church (Figure 16).
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Figure 16. Church of St. Peter of Alcantara andiiity
in an orthophoto from 2003

Aerial photos also help to identify the procesabandonment
in originally agricultural areas which being disdsgradually
turn into semi-natural areas.

3.2 Forestation

In most cases, the process of abandonment is slentdsy the
process of forestation in which abandoned areasyowe with
self-seeded vegetation in the first phase followley a
subsequent gradual transition to forest stands.

3.3 Submersion

Submersion represents a process of the changetibi€ialr
surfaces, agricultural areas, forests and semralatweas into
water bodies. New water surfaces originate pripard related
very closely to mining (tailings ponds) or secoiilgaas a
consequence of undermining (submerged ground serisid).
Aerial photo time series facilitate the identificat of the
process from both spatial and temporal points ewv{Figure
17).

Figure 17. The area before (year 1947, © MRIGeoS| ACR)

4. CONCLUSION

The aerial photo analysis of the effects of minimglandscape
showed that both direct and indirect signs mustaen into
consideration in visual photointerpretation. In@rdo identify
the primary and secondary displays of mining atiéigistress is
put on direct signs contained in a respective phettape, size,
tone, colour, texture and structure of an objectweler, these
signs must be complemented with the interpretadibimdirect
signs, i.e. logical signs that require deep knogdedn the
research phenomena (Ciolkosz, Miszalski, Oledzki99)9
Indirect signs used in the interpretation of anpgenic
landforms include particularly the location of abjert and its
relations to other objects in a photo.

Unlike the primary and secondary mining displaybe t
processes are absent in the photos, however, #melyecderived
from multitemporal analysis of aerial photos. Suyrocesses
are presumed on the basis of indirect signs in @oetion with
supporting information used in order to differetdidbetween
mining-related processes and other processesakatpiace in
the landscape.

Correct interpretation of the displays of deep nmindepends
on interpreter’s direct experience with eventsrighplace in the
mining landscape. Subsequently, accurate visuatpgngtation
of the displays of deep mining enables us to qatite extent
of changes, determine their direction and analysegsses in
heavily anthropogenically-affected landscape. Aepaotos
represent an important source of information in shedy of
territorial differentiation of changes, their insity, character
and causes. Complex understanding of these procesdes it
possible to predict the landscape development antbgical
and social consequences in the landscape affegtédrd coal
deep mining.
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