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Landform modifications within an intramontane urban landscape due to
industrial activity, Wałbrzych, SW Poland
Kacper Jancewicz , Andrzej Traczyk and Piotr Migoń

Institute of Geography and Regional Development, University of Wrocław, Wrocław, Poland

ABSTRACT
The city of Wałbrzych represents a geomorphic landscape, heavily modified by nearly three
centuries of industrial activity, related mainly to coal mining. The key landforms due to
human impact include spoil tips of various types, extensive levelled terrains, waste ponds,
and railway embankments and cuts. Ground subsidence due to mining and water pumping
have affected large areas. The map shows the distribution of anthropogenic landforms due
to industrial activity, mainly coal mining, over an area of 85 km2. The thematic symbol set for
the main map contains 22 classes of objects which show 13 distinctive types of landform
modification due to construction, excavation, levelling and complex features. The Main Map
is accompanied by inset maps showing generalized geology of the area, extent and
magnitude of ground subsidence, as well as relief visualization.

ARTICLE HISTORY
Received 15 October 2019
Revised 9 July 2020
Accepted 30 July 2020

KEYWORDS
Anthropogenic landforms;
mining; coal; ground
subsidence; Sudetes

1. Introduction

Industrial activity, especially mining, results in profound
alterations of surface relief, which are both very exten-
sive spatially, as well as evident due to creation of a var-
iety of new landforms of substantial dimensions
(Goudie, 1981; Nir, 1983; Sütő, 2010). These changes
may be direct and in most cases intentional (e.g. con-
struction of spoil tips, waste settling ponds, excavation,
levelling), or indirect and unforeseen (e.g. ground subsi-
dence). The development of industrial activity also
requires further infrastructural developments such as
provision of transportation corridors. Railways have a
major impact on landforms and if they are built in
hilly terrains, construction of embankments and cutting
of ditches becomes inevitable. The resultant landforms
may persist long after actual mining activities ceased.

Coal mining, even if underground, is a particularly
effective agent of surface transformation. In Central
Europe many former and active mining districts exist
(e.g. Upper Silesian coal mining region in southern Poland
and north-eastern Czechia – Dulias, 2016; Mulková et al.,
2016; Salgótarján area in Hungary – Horváth & Csüllög,
2012) and these host impressive new landforms resulting
from industrial activity. Actually, one of the early trials of
large-scale geomorphic mapping worldwide was focused
on the core of Upper Silesian Coal Mining District and
a 16-sheet atlas was produced, where anthropogenic land-
forms received special attention (Klimaszewski, 1959).

Somemining districts are located within relatively lit-
tle diversified relief, whereas others have developed in

mountainous terrains and the interplay between natural
geomorphic landscape andman-made landforms results
in specific visual characteristics of the landscape. In this
work, we produce a map of landform change due to
industrial activity in one such area, located in south-wes-
tern Poland. The city of Wałbrzych developed due to
coal mining, which has been thriving since the mid-
nineteenth century to 1990s. Mining activities occurred
within a small intramontane basin, so that the natural
terrain conditions acted as a significant constraint for
industrial development. The history and legacy of coal
mining were the subject of a range of studies, from var-
ious points of view. Some of these included cartographic
presentations (Pawlak, 1997; Wójcik, 1993, 2011, 2018),
but none of these was as comprehensive as the Main
Map in this contribution.

2. Study area

2.1. Geographical setting

The city of Wałbrzych is located in SW Poland, in the
central part of the Sudetes range, Central Europe
(Figure 1), within a low-to-medium height mountain
relief (max elevation 843 m a.s.l., min elevation 305
m a.s.l.) typified by isolated hills or ridges, separated
by basins and broad valleys. Natural relative relief is
in the order of 150–300 m, with slopes locally as steep
as 30°. This relief configuration and diversity reflect geo-
logical structure of the area (see Geology inset on the
Main Map) and variable strength/resistance of different
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rock complexes. Geologically, most of theWałbrzych area
is part of the Intra-Sudetic Trough, which is a large topo-
graphic basin formed during the Variscan mountain
building in the late Palaeozoic and subject to intermittent
sedimentary filling from the Carboniferous up to the Cre-
taceous (Żelaźniewicz, 2015). However, within the city
limits only Carbonferous formations are represented
(Bossowski & Ihnatowicz, 1994). Widespread post-oro-
genic volcanic and intrusive activity, associated with fault-
ing, occurred in the late Carboniferous and early Permian
cutting through older sedimentary formations (Awdan-
kiewicz, 1999). The northern part of the city area is
underlain by older sedimentary formations of the Świe-
bodzice Basin and these are mainly coarse conglomerates
dated to Lower Carboniferous (Porebski, 1981).
Additionally, Lower Palaeozoic gneisses occur in the
north-eastern part of the city. Only the Upper Carbon-
iferous sedimentary rocks are coal-bearing (Mastalerz,
1992) and mining activity was concentrated in the
southern part of the city, where these strata reach the sur-
face. Therefore, large-scale landformmodifications due to
mining are confined to the southern part of the city.

Mountainous topography of the southern part of the
Wałbrzych area is interpreted as resulting from more
efficient denudation and surface lowering in sedimen-
tary rocks, with concurrent gradual emergence of terrain
elevations built of volcanic and subvolcanic rocks. How-
ever, the sedimentary rocks themselves are not uniform
in strength either, supporting both broad elevations and
intervening basins. Therefore, the most elevated terrain
in the south-eastern part of the city (up to 853 m a.s.l.) is
developed upon Carboniferous and Permian volcanic

rocks, mostly rhyolites, whereas Lower Carboniferous
conglomerates build the hills in the central part of the
city (Lisi Kamień, 603 m a.s.l.). Much more subdued
relief of the northern part of the city is associated with
older sedimentary rocks and gneisses. During the
Middle Pleistocene the area was at least once covered
by the Scandinavian ice sheet (Krzyszkowski & Stachura,
1998) which reached the intramontane basins but was
too thin to cover volcanic elevations. The vertical limit
of ice is estimated to reach c. 550 m a.s.l. (Traczyk,
2019). Nevertheless, Quaternary deposits, generally
thin, were not shown on the inset map in order not to
conceal bedrock. However, these deposits were also
locally mined, particularly clays deposited in the progla-
cial lakes, used for brick production.

2.2. History of mining and other industrial
activity

The history of settlement in the contemporary Wałbr-
zych dates back to late medieval times and a small town
likely existed here since the end of the 13th century
(Staffa et al., 2005). However, historically it was of
very low significance, with the local economy based
on textile manufacturing and trade. Coal exploitation
in the area began in the mid-eighteenth century, after
the area became part of Prussia (later Germany), and
expanded in the early nineteenth century, with coal
mines established in different parts of the Wałbrzych
basin. Other industries followed, including textile and
china ware production and stone quarrying. Concur-
rently, the urban area, initially confined to the valley

Figure 1. Location map. Red line indicates administrative boundaries of Wałbrzych city in SW Poland.
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floor of the Pełcznica river, expanded to the south and
west, also encroaching on the surrounding hillslopes.
To facilitate export of coal, in the 1850-1860s Wałbr-
zych was connected with the fast developing regional
railway network. Railway building required consider-
able engineering work to cope with difficult topo-
graphic conditions, resulting in numerous high
embankments and cuts. In the early twentieth century
Wałbrzych was the main industrial and mining centre
of the region, with more than 60.000 inhabitants just
prior to World War II. After World War II the entire
region became part of Poland and coal mining contin-
ued to expand, until early 1990s. Large coking plants
were built in close vicinity. The second half of the twen-
tieth century witnessed the most profound landscape
changes, with the emergence of huge spoil tips and
waste ponds, especially in the southern part of the
city (Wójcik, 2013; Figures 2 and 3). Local population
reached more 140.000 in the late 1980s.

Economic transition to free market economy in the
1990s resulted in the termination of coal mining, con-
sidered non-profitable and too dangerous because of
difficult geological conditions (thin coal seams, numer-
ous faults and seam offsets, rock shattering zones),
causing severe economic and social problems in the
relatively big, almost entirely coal production-oriented
city (Dołzbłasz, 2012; Dołzbłasz & Mucha, 2015). The
development of Special Economic Zone helped to par-
tially offset these problems, with new large production
plants localized in the north-eastern part of the city.

3. Materials and methods

Airborne LiDAR-based digital terrain model (DTM) of
1 m resolution, obtained from the Polish Centre of
Geodetic and Cartographic Documentation, provided
background elevation. Its mean vertical error does
not exceed 0.05–0.15 m (Kurczyński et al., 2015).
This DTM was used as a basic information source for
the spatial extent of anthropogenic landforms, as of
∼2010 (DTM was released in 2013). They were manu-
ally digitized on the basis of slope and shaded relief
visualization of the DTM in its original resolution.
Additional information on selected types of anthropo-
genic landforms such as spoil tips or waste ponds was
obtained from literature, archival topographic maps at
1:25,000 scale from 1886, 1936 and later periods (avail-
able at https://geoportal.dolnyslask.pl/imap/?gpmap=
gp62#gpmap=gp62; access date 2019-10-14), the
1:10,000 topographic map (http://mapy.geoportal.gov.
pl/imap/Imgp_2.html), and database on anthropogenic
objects (https://geolog.pgi.gov.pl).

Geology of the study area was presented in a gener-
alized way, with several sheets of Szczegółowa Mapa
Geologiczna Sudetów (Detailed Geological Map of
the Sudetes) at 1:25,000 scale as background materials
(Bossowski & Czerski, 1985; Bossowski et al., 1990;

Grocholski, 1971; Haydukiewicz et al., 1982; Teisseyre,
1969; Teisseyre & Gawroński, 1965). Topographic data
such as built-up areas, roads, railroads or hydrography
were obtained from Baza Danych Obiektów Topo-
graficznych 1:10,000 (Topographic Object Database
1:10,000) as of 2015 and corrected according to the
elevation data if necessary.

The Main Map, presenting spatial distribution and
variety of anthropogenic landforms, was designed at
1:20,000 scale, with an intention to be finally printed
on a A1 paper sheet. Additional inset maps, presenting
geology of the study area and the extent and amount of
ground subsidence caused by coal mining (after Wój-
cik, 2011) were designed at 1:60,000 scale. The scale
of the main map enabled us to present in detail indus-
try-related geomorphological features of the Wałbr-
zych area. The thematic symbol set of the main map
contains 22 classes of objects which represent land-
forms or mining shafts. Appropriate cartographic sym-
bols were designed in line with the principles of maps
graphic design such as legibility, visual contrast, figure-
ground organization and hierarchical composition
(Otto et al., 2011; Robinson et al., 1995). While the
draft version of landform database was designed to rep-
resent only polygonal features, some of them could not
be symbolized properly at the selected map scale due to
the very small area, less than 0.2 ha. Hence, 33 land-
forms such as small spoil tips, quarries, clay pits, bor-
row pits, waste ponds and landfills were reduced into
point representation (Robinson et al., 1995). Moreover,
it was necessary to create linear representation of
selected polygon edges in order to represent properly
the features of such forms as ditches, embankments
or escarpments. Colours of polygon/point symbol fill
were set in line with characteristics of landform fea-
tures – cold colours were used to fill symbols of con-
cave or levelled landforms while warm colours are
used to fill symbols of convex ones.

Detailed representation of natural relief is provided
by contour lines at 5 m interval, with index contour
lines at 25 m interval. Contour lines were generated
from the DTM resampled to 5 m resolution and
smoothed using the PAEK algorithm (Bodansky
et al., 2002), in order to achieve the level of detail
appropriate to the scale of the Main Map. The symbols
of topographic data such as built-up areas, roads, rail-
ways were designed in shades of gray, in order not to
interfere with the perception of the thematic content.

4. Results

4.1. Typology of landforms due to industrial
activity

A wide range of landforms produced by or directly
related to industrial activity is present on the map.
Altogether, 13 categories are distinguished, some
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Figure 2. Comparison of landform change in the southern part of Wałbrzych, using archival cartographic materials: A – Messtisch-
blatt at 1:25,000 (1886); B – Messtischblatt at 1:25,000 (1936); C – DTM visualization (terrain elevation data from approximately
2011).
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were additionally differentiated according to the their
height and/or dimensions, so that 19 separate symbols
are used. In addition, the map includes the location of
former coal mining shafts, in order to show the extent
of coal mining industry within the city. ‘c.m.’ annota-
tion is introduced to indicate clearly which landforms
result from coal mining and which are related to
other activities.

Landforms due to industrial activity may be grouped
into four classes, reflecting the nature of anthropic
interference with the original ground surface:

. construction landforms – spoil tips, embankments
with associated escarpments, landfills

. excavation landforms – quarries, loose sediment
pits, ditches with associated escarpments

. ground alterations due to levelling for building con-
struction purposes, locally also associated with
addition of sediment

. complex landforms, whose origin involved both
removal and dumping of material – waste ponds,
bootleg mining zones

Spoil tips, excavation pits and waste ponds vary in
lateral extension and include very small features, less
than 0.2 ha. The latter are shown by means of symbols,
whereas the large ones are outlined as they appear in
the landscape. Spoil tips considerably vary in height
and therefore an arbitrary value of 25 m was set to dis-
tinguish between tips of different height.

Bootleg (artisanal) mining zones are specific altera-
tions of the ground surface, caused by uncontrolled
(and illegal) digging and coal extraction from coal
seams located close to the surface by individual people.
Tunnels and pits are excavated, whereas the material is
dumped next to the excavation site (Figure 4). Small

dimensions of individual landforms preclude their exact
representation on the map, so that areal extent of affected
terrain is shown. This type of activity, resulting from
unemployment and poverty, was particularly common
in the 1990s and occasionally continues until now.

Centuries-long coal extraction leading to the origin
of underground caverns and changes in stress field in
the rock mass, combined with extensive alteration of
hydrogeological conditions, resulted in considerable
land subsidence. It reached as much as 18 m in the
west-central part of the city over 1912–1996 period
(Wójcik, 2011). Ground subsidence is an important
cause and component of landform change, but cannot
be shown using conventional symbols. Therefore, it
was decided to use one of inset maps to illustrate
both the extent and magnitude of subsidence within
the coal mining area. Blachowski and Milczarek
(2014) analysed a longer period (1886–2009) and con-
cluded that ground lowering may have reached 36 m in
subsidence hot spots.

4.2. Dimensions

The map shows that landforms due to industrial activity
vary in size whereas the numerical database provides
quantitative information in this respect (Table 1).

Among anthropogenic landforms spoil tips are most
represented. They occupy nearly 260 ha, with the lar-
gest one being 42.2 ha. Among them, 11 are higher
than 25 m and these are also the largest ones. Most
tips, including all large ones, have flattened (levelled)
top surfaces (Figure 5). In a few cases, the levelled
tops were subsequently used as waste ponds. Land-
forms produced by other kinds of mining are consider-
ably smaller. The largest quarry covers 2.8 ha
(including adjacent spoil tip), whereas the largest for-
mer clay pit in Rusinowa occupies 4.1 ha.

Figure 3. Contemporary view of the southern part of Wałbrzych. Notice large spoil tips (a, b, c), levelled ground left after demolition
of a mines and coking plant (d) and railway embankment (e).
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Railway embankments (34) and ditches (16) jointly
occupy 74.6 and 18.3 ha, respectively. The former
reach 31 m high, whereas the deepest cut is 41 m
deep and replaced a tunnel that existed in this place
before (see Figure 2). The length of embankments is
also impressive, with the longest continuous section
being 1.45 km long.

Antropogenically levelled terrains occupy consider-
able space. Land rehabilitation of two coal mines in the
southern part of the city involved levelling of 80 ha,
whereas the development of a new industrial area in
the north-east necessitated provision of nearly 200 ha
of flat terrain.

4.3. Spatial distribution

Spatial association of anthropogenic, industry-related
landforms with the area of occurrence of coal-bearing

strata is expected and self-evident. Within the limits
of coal mining zone all waste ponds and the vast
majority of spoil heaps, including all the large ones,
are located. Combined with extensive levelled terrain
in the areas of former coal mines, these man-made
landforms cover more than 400 ha, which is 12% of
the entire coal mining zone area. They occur along
two perpendicular belts, the NW–SE one, from the
spoil tip next to the Wacław shaft to the Staszic shaft
in the south-east, and the SW–NE one, encompassing
terrains of the former Victoria and Thorez mines
(Julia, Wanda and Paweł shafts). In the north-western
part of the former belt, most extensive bootleg mining
zones occur. A separate cluster of mining-related land-
forms can be observed between Stary Zdrój and Rusi-
nowa, but they are much smaller and more dispersed.
Bootleg mining is limited and does not result in signifi-
cant landscape transformation. Within the former
mining landscapes, waste ponds were located in the
immediate vicinity of surface mine facilities, whereas
spoil tips occur both in association with waste ponds
and in isolation.

Other mining-related landforms have irregular dis-
tribution, reflecting local availability of resources.
Clay pits, in which Pleistocene clays were exploited,
are located in low-lying places (Rusinowa, Poniatów),
where these unconsolidated sediments could have sur-
vived. Bedrock quarrying was limited within the city,
with only a few small quarries present.

The large magnitude of anthropogenic interference
with natural relief in the north-eastern part of the
city, where the Special Economic Zone is located, is
at first glance inconspicuous. Yet the map reveals that
ground levelling to make industrial constructions poss-
ible affected as much as 194.63 ha, which is 75% of the
total area of all spoil tips. Thus, the area of considerable
landform modification has moved to the north-eastern
part of the city.

Figure 4. Bootleg mining area in the western part of the city, with large spoil tips behind. Bedrock elevations form the skyline.

Table 1. Dimensions of principal landforms due to coal mining
activity.

Landform type

Number of
individual
landforms

Morphometric
characteristics

Area
(ha)

Height/
depth
(m)

Spoil tips 52 Min 0.03 2
Max 42.2 100
Mean 5.0 20
Total area 259.2 –

Waste ponds 18 Min 0.06 1
Max 18.9 9
Mean 3.4 3
Total area 60.6 –

Pits (due to
subsidence
above former
shafts)

4 Min 0.03 1.5
Max 1.0 18
Mean 0.3 7
Total area 1.1 –

Levelled terrains
after closed
mines

2 Total area 80.0 –

Bootleg mining
zones

11 Min 0.25 –
Max 7.7 –
Mean 2.1 –
Total area 23.6 –

6 K. JANCEWICZ ET AL.



The map shows also that building of railway tracks
resulted in the emergence of new landforms almost
along the entire length of railroads, particularly across
the Wałbrzych Basin, where long curved embankments
were built. Along the branch line from Konradów to
Sobięcin (part of the line is beyond the coverage of
the map), continuous alternation of ditches and
embankments is evident. The former were dug in
ridges descending towards the Wałbrzych Basin,
whereas the latter were built across valleys. Construc-
tion of the main railway station in Wałbrzych involved
levelling of 42 ha, along the length of nearly 2 km.

5. Conclusions

The city of Wałbrzych has long been known as a
place of profound environmental impact from var-
ious industrial activities, especially coal mining,
which was thriving since the mid-nineteenth century
until the late twentieth century. Substantial modifi-
cations of landforms, soils, hydrological and hydro-
geological conditions have occurred. There have
been attempts to present these massive human
impacts cartographically, but these maps were either
printed at small scale (Pawlak, 1997) or the carto-
graphic presentation was oversimplified (sketch-
like). The Main Map presented in this paper shows
the real distribution of anthropogenic landforms pro-
duced by mining and other industrial activities, as
well as those closely connected with industry devel-
opment (railway engineering works), using LiDAR-
derived DTM as a background material. 13 categories
of landform change are distinguished, and some are
differentiated according to height and/or dimensions,
so that 19 separate symbols are used (22, if one adds
symbols for shafts and annotation). They cover a
broad spectrum of landforms, due to construction,
excavation, levelling, as well as complex landforms.
Some of these, such as bootleg mining areas, could
only be shown by their areal extent, with individual
features of relief too small to be presented. Similar

limitations apply to very minor spoil tips, and clay
and sand pits, which were shown by means of
symbols.

LiDAR-based DTM proved an invaluable source
of information about the distribution, dimensions
and spatial relationships of anthropogenic landforms.
Historical maps helped to make decisions in uncer-
tain situations, whether specific relief features are
natural or man-made. A final note concerns the
accuracy of the map from the temporal perspective.
The DTM used was worked upon in the early
2010s and the Main Map shows the situation for
that time. However, rehabilitation of former mining
grounds proceeds area and includes deconstruction
and levelling of spoil tips, as well as filling of former
excavation pits and waste ponds (Dołzbłasz &
Mucha, 2015; Wójcik, 2018). Very large features
are not likely to disappear in short time, but smaller
ones may meet this fate. Thus, the Main Map will
become a useful reference point for future work on
landscape change in the region and monitoring of
landform evolution.

Software

Data pre-processing was conducted in QGIS (QGIS
Development Team 2019) and ArcGIS 10.6.1. Carto-
graphic design was done in ArcGIS 10.6.1, except the
inset 3D visualization which was graphically enhanced
in Adobe Photoshop CS6.
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