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ABSTRACT

The rapid expansion of urban areas has been a feature of the industrial age. Landscape features
have been replaced or transformed to accommodate the needs of an increasingly urban society.
Our study focuses on the disappearance or transformation of man-made ponds in the historic
region of Bohemia in the Czech Republic. Using current and historic maps, orthophotography
and a digital terrain model, we have identified over one thousand former ponds within the
34 cities that were selected. The original dam structures have been identified in association
with 437 ponds, most of which have been used as embankments for transport infrastructure.
In areas within the immediate vicinity of the cities, modern agriculture now utilizes the sites
of former ponds. The Main Map shows the results of our survey, revealing the quantity and
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nature of this landscape change together with a detailed case study in the city of Pilsen.

1. Introduction

Water resources are under pressure mostly in locations
with a higher density of inhabitants. In Europe, 73% of
the population live in cities (Pesaresi et al., 2016). Cities
continue to spread to surrounding lands, originally
used for agricultural purposes, with the influx of new
inhabitants (Kasanko et al., 2006). As part of the pro-
gressive (sub) urbanization and processes including
urban sprawl and urban dispersion, original villages
and their rural backgrounds are becoming part of cities,
which introduces negative environmental impacts on
landscapes (Johnson, 2001). In the case of water, this
significantly affects the entire hydrological cycle of
landscapes (Hanusin, 1995) — e.g. changes in river
channels (Gregory, 2006), constructions of stormwater
drainage systems (Doyle et al., 2000), draining of wet-
lands and small farm dams (Burgin et al., 2016), and
the infilling of water bodies to gain space for new build-
ing structures (Mitra & Banerji, 2018). It is important
to remember that the relationship to water and water
management develops over time in cities (Winiwarter
et al, 2016) and occurs in certain phases (Brown
et al., 2009) that reflect the needs of inhabitants, tech-
nological and economic development, as well as social
atmosphere and the preferred values in connection to
the environment. Each phase left certain traces in the
townscape, whether be it tangible effects including
buildings, construction projects (weirs, water treatment
plants, sewer network, etc.), and interference in the
georelief (digging, relocation and infilling of riverbeds,

construction of dams, etc.) or intangible ones, such as
collective memory and identity, local stories, and
place names (Frajer & Fiedor, 2018). These traces
may disappear, be kept, or transformed in connection
with urban development and level of society, thus
taking part in the creation of a notional urban palimp-
sest (Bartolini, 2014). These processes also concern sig-
nificant historical water management constructions —
man-made or (artificial) ponds, which are the core of
our research. They have played an important part in
the history of cities for which they served as water
reservoirs, fortifications, sources of power for milling
and other industrial processes or sources of income
in the form of fish-selling business (Lentacker et al.,
1997). The construction of these ponds were linked
with direct anthropogenic actions from the view of
anthropogenic geomorphology (Szabd, 2010). An
example of this is how societies ensured their water
supply by constructing dams. Dam sites were often
directly on the watercourse or fed by a canal. The exca-
vation of material for embankment dam construction
resulted in concave formations — in some cases, the
material was taken from the future pond floor. Finally,
the embankment dam was constructed and finalized
(Pavelkova et al., 2014). Ponds in Central Europe are
particularly significant landscape phenomena where
they have already become a natural part of the cultural
landscape. However, this is a fraction of the original
range of pond systems that were built in the Middle
Ages and the early modern age. Almost 2/3 of ponds
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were drained in the nineteenth century due to agricul-
tural, industrial, and social changes. The areas of for-
mer ponds were then most commonly transformed
into fields and meadows (Pavelkova et al., 2016),
occasionally into new residences and accompanying
facilities, or industrial areas (Kopp et al., 2015). The
existence of original ponds can often be uncovered
only with the help of old maps or historical cadasters
(David & Cernochové, 2020; Frajer, 2019; Havlicek
et al, 2014). A number of relics of dams can still be
seen in the landscape as monuments to the existence
of ponds. Former dams also naturally survived urban
expansion, often becoming the only reminders of the
former agricultural landscape.

Research of former ponds demonstrates the degree
to which our landscape has been transformed from
the predominantly agricultural economy of the pre-
industrial era to the modern urban landscape whereby
human necessities such as water have disappeared from
view, thus reinforcing our detachment from our rural
past. Our research aim is to identify former ponds
and the relics of their dams in the selected sample of
cities in the Czech Republic using old maps, current
maps, and a digital terrain model (DTM). The lengths
of preserved relics of dams and their current uses are
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studied within this assignment while simultaneously
reconstructing the areas of former ponds and their cur-
rent uses, which will become a foundation for the
resulting map. The detailed use of a former pond in
its current urban space is mapped in the case study.

2, Data and methods
2.1. Selection of cities and case study

We analyze those Czech cities where the number of
inhabitants is over 20,000 (as of 1 January 2018; Czech
Statistical Office, 2018) whose administrative area was
at least in part of Bohemia. Bohemia is one of the
three historical regions of the Czech Republic (Figure
1). Most ponds and their systems were built in this
area in the past; the best known is the South Bohemia
Region, where a number of historical ponds have sur-
vived until the present day (Pokorny & Kvét, 2016).
Thus, we work with a total set of 34 cities, which meet
these conditions including two towns (Jihlava and
Zd4r nad Sdzavou) whose present administrative area
intersects with the historical border between the regions
of Bohemia and Moravia. As there is a varied range of
city definitions and various urban forms within Europe

»
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Figure 1. Studied cities in the context of the historical regions of the Czech Republic (data sources: © ArcCR500, ARCDATA Prague,

2016).



(Schwarz, 2010), we selected the official administrative
borders as the spatial city definition. The municipality
borders were taken from the latest version of the
official geodatabase of administrative borders of the
Czech Republic (part of ArcCR500 geodatabase 3.3,
from 2016). The area of the former pond Lasitov in
the city of Plzen has been chosen as a case study. It is
unique evidence of how a pond, which had originally
been located outside the main populated area, became
the supportive environment for mining activities to be
later swallowed up gradually by growing urban sprawl.

2.2. Cartographic sources

Military surveys of the Habsburg Empire, which
depict the same areas at a similar scale in different
time horizons (Skalo$ et al, 2011), serve as the
main source of spatial information on former
ponds. They proved invaluable in our research of
the development of the water component of the land-
scape combined with GIS in earlier studies (Kovdcs,
2010; Pavelkova et al, 2016; Santrickova et al.,
2017). These were specifically:

(1). 1st Military Survey (hereinafter 1MS; from 1763 to
1784; at a scale 1:28,000) depicts the condition of
the landscape prior to the onset of industrialization
in the Czech lands and prior to the first extensive
wave of the destruction of ponds. Regrettably, it
was created without geodetic measurements
which is evident in its low level of accuracy (Hav-
licek et al., 2014).

(2). 2nd Military Survey (2MS; 1842-1852; 1:28,800) is
a modern geodetically controlled survey of a high
level of accuracy relative to its predecessor (Pavelk-
ova et al., 2016).

The Stabile Cadastre (1826—1843; 1:2800) is used to
verify the location of ponds where their identification is
hindered by color fading on the 2MS.

The first two sources are accessed through the pur-
chased Web Map Tile Service (WMTS), which
emerged within the project Mapire.eu and provides
IMS and 2MS from the Austrian State Archive in a

Table 1. The studied attributes of former ponds.

JOURNAL OF MAPS 153

seamless georeferenced layer with a minimum devi-
ation for the entire area of the Habsburg Monarchy
(Molnar et al., 2014; Timar et al., 2010). The maps of
the Stabile Cadastre were acquired through the State
Administration of Land Surveying and Cadastre
(CUZK) geoportal as the cadastral evidence maps
from 1826 to 1956 for the purposes of the case study.
WMTS provides access to the current Basic Maps of
the Czech Republic (at the scale of 1:5000-1:200,000),
the current orthophoto maps, and the Digital Terrain
Model of the Czech Republic (5th generation). The
Digital Terrain Model is based on data collected
using LiDAR airborne techniques and has a standard
error of the height 0.18 m in the bare terrain and
0.3 m in the forested terrain (CUZK, 2019). The Digital
Terrain Model (DTM) is available through the WMTS
service and through an online geoportal (https://ags.
cuzk.cz/dmr/), which allows for various visualizations
including the analysis of slopes.

2.3. Methods

A geodatabase of former ponds was created for the 34
selected towns. The first creative phase was based on
manual digitizing (in the GIS environment) of former
ponds based on old maps. At first, the identified
ponds of the more precise 2MS were digitized and
were subsequently compared with the ponds of the
IMS. Former ponds were input if they appeared on
at least one of the map sources. Those ponds that
were submerged beneath reservoirs of the twentieth
century have not been included. Having been digitized,
the position of the former pond was manually cor-
rected (shifted) so that it corresponded with its position
on the current maps (see Pavelkova et al., 2016). This
was necessary, especially in the case of ponds digitized
from the 1MS. The possible existence of a relic of a for-
mer pond dam was studied using the DTM combined
with the current maps and aerial photographs either in
the form of an existing dam body in its original height
or in various stages of denudation (e.g. in the field).
The current land use was then added as an attribute
using the modern city plans. The studied attributes
are listed in Table 1.

Attributes

Specification

Sources

Yes/No
Length (meters)

(1) Existence of dam relic

(2) Length of dam relic

(3) Current use of dam relic

(4) Size of ponds Area (hectares)

(5) Prevailing land-use of former
pond areas

6 categories (Transport infrastructure, Forest, Non-forest woody vegetation,
Fields, Meadows or pastures, Building infrastructure)

12 categories according to areas in urban plans (Housing, Natural areas, Urban
greenery, Pastures and meadows, Arable land, Industrial and storage, Transport

Old and current maps, DTM

DTM on Geoportal CUZK (DMR5G)

Aerial photography
(ortophotomaps), Current maps

Old maps

Urban plans, Current maps

and technical, Sport and recreational, Public and commercial Services, Forest,

Mining and post-mining, Other)
(6) Position of the pond in the city
administration area

3 categories (Built-up areas; Surround; Rural areas)

Current maps
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3. Results

3.1. Analysis of relics and the uses of areas of
former ponds

We identified a total of 1060 former ponds, with a pre-
vailing size of up to 3 ha in the studied cities. Out of
this number, we succeeded in finding 437 (41.2%)
potential dam relics using the DTM (Figure 2(a)).
The total length of relict dam structures is nearly
60 km. The largest share in the length of these former
structures are those serving as embankments for trans-
port infrastructure (56.4%), especially as roads (29.4%)
and trails (24.6%). A large number of preserved dam
earthworks can be found inside built-up areas of a
city or in its near vicinity (53.3%) (Figure 2(b)).

Regarding the prevailing use of former pond water
areas (the total of 2293 ha), agricultural land dominates
the with 43.9% in the vicinity of cities or in the more dis-
tant rural areas (Figure 2(c)). A number of dam earth-
works are still preserved there (38% from the total
number of all recorded dams). A great number of relics
are in urban woods which cover 12.3% of the area of the
studied former ponds and 82% of these ponds still have
preserved dam relics (Figure 2(d)).

Some 32% (740 ha) of the total area of former ponds
lie within the city of Pardubice together with more than
12km (21% of the total length) of dam structures
(Figure 3(a)). Place names referring to ponds were
found in nearly 5% of the cases. These were both street
names and the names of local parts in the urban built-
up areas and minor names (or field names) in the rural
areas.

3.2. Case study: the former pond Lasitov

The anthropogenic impact on sites of former ponds
reflects the historical changes in the land use of the sub-
urban landscape. This is exemplified by the former
pond at Lasitov to the south-west of Plzen. The changes
documented by the research are connected with the
growth and development of buildings in the cadastral
area of the Valcha satellite settlement. Valcha, which
is now part of the district Plzen 3, has 1097 permanent
residents (as of 1 January 2019) — the number con-
tinues to grow, as do new residential buildings. A sig-
nificant part of the Valcha building development also
consists of buildings of the second housing, which
were built there from the 1870s in connection with
the suburban recreational reservoir on the Radbuza
river. The Lasitov pond was part of the pond system
of the monastery in Chotésov founded in the Lu¢ni
potok (Meadow Creek) basin during the fourteenth
century. The Lasitov pond, also recorded in the 2MS
as ‘Radschiner Teich, had an area of 51 ha according
to this source. The distinctly elongated shape of the
pond followed the shape and direction of the shallow
valley. Waterpower was used to drive the mill and
the cloth mill under the dam, which was built in the
narrowed section of the valley.

The Lasitov pond was drained in 1851 as a result of
new underground mining activity of hard coal. The
land was to be returned later in a condition capable
of re-irrigation according to contracts (Hataj, 1926).
However, the ponds were never restored. The Stabile
Cadastre map still shows the area of the pond although

Frequency of pond area size
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Figure 2. Main results from analysis of former ponds in the 34 city administrative areas.



the banks begin to show the first visible buildings of the
beginnings of mining activity. At first, the coal seams
were opened at random, using primitive subsurface
mines reaching the depth of only about 30-40 m.
Mining modernization and ongoing exploration
allowed for the development of mining in the adjacent
area west of the Lasitov pond where the mines were in
operation until 1921 (Kopp et al., 2015). Therefore, the
west part of the pond basin was partly covered up with
mining dumps which are currently overgrown with
forest. The modern settlement of Valcha was estab-
lished as a mining colony in 1872 with a population
of up to 1100 inhabitants. The next development
phase began in the 1920s at the initiative of the city
of Plzent. However, the territorial structure of this
settlement is still fundamentally influenced by the
muddy lands of the former pond, which unnaturally
fill the center of the urban unit. The bottom of the
pond as a natural area of water and wetland vegetation
has partially grown over with natural seeding of bushes
and trees. As regards to the anthropogenic use, the
elongated wetland area creates a barrier against move-
ment of persons and significantly limits the expansion
of construction in the center of Valcha. The main com-
munication which connects the separate parts leads to
a larger part along the former dam. A new housing
development is gradually being built on the dam as
well as the edges of the pond area. In the twentieth cen-
tury, the areas raised above its original bottom were
gradually expanded with backfilling, especially along
the former left bank of the pond. New estates with gar-
dens were created on the landfill (terrace) which were
changed in the twenty-first century into residential
areas under the pressure of the suburbanization pro-
cesses of the Plzen agglomeration. It is probable that
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the next stage of development will include more backfi-
lling and the gradual change of the pond area into
building plots. These processes cause the loss of the sig-
nificance of the pond area as a local biocentre and an
area of a natural water retention. A detailed study of
relief changes of the pond area is provided in the
Main Map.

4, Discussion
4.1. Discussion of the results

The results show (Figure 3(a)) that the surviving
remains of ponds with their associated dam earthworks
are found mainly in cities with larger administrative
areas that include outlying villages, such as the cities
of Prague and Klatovy. Large numbers are also found
in the fish farming areas of South Bohemia (Tabor,
Ceské Budéjovice) and East Bohemia along the Elbe
(Lochmann, 1970). As already noted above, a large
number of former ponds and their associated dam
earthworks are evident in the city of Pardubice. Some
of these ponds are of several hundred hectares. For
example, the Semtin pond had an area of 185ha
according to the 1MS and was surrounded by a circular
dam. Its relic of over 2.8 kms is, to this day, preserved
as a road running on top of it which fringes the chemi-
cal plant built on the area of the former pond.

From the point of view of the current use of relics of
dams, our results are consistent with the studies of
David and Cernochova (2020) in the Blanice river
catchment (Czech Republic), where the identified pre-
served dams of former ponds often serve as paved or
unpaved roads. The transport function of pond dams
has a historical tradition (Figure 4(a)). It is apparent

ke

PARDUBICE i

Prevailing use (former pond)

I Housing

] Industrial and storage
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I Forest 0 1
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Arable land Watercourse
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2km

Figure 3. Former pond areas and length of dam relics: (a) Summary for studied cities; (b) City of Pardubice — position of former
ponds from the old maps and former dams visible on the DTM (data source: © CUZK).
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from old maps that pond dams were used as communi-
cation links over common wetlands of floodplains. The
sixteenth century European pond literature, rep-
resented by Janis Dubravius, Olbrycht Strumienski,
and Petrus Magni (Svanberg & Cios, 2014), demon-
strates that great attention was paid to the principle
of pond construction and especially the construction
of dams. Dam foundations were to be based deep
enough to avoid their underpinning and collapse.
The local soil was laid in layers on the dam and was
thoroughly rammed down. The inflow and air side of
the dam was often reinforced with grass, stones or
wood (Pavelkova et al., 2014). A dam built in this man-
ner with a functional communication was often pre-
served. However, the presented case study shows that
in the cases of important roads, the body of the dam
was rebuilt and adjusted according to the required
transport standards. We can assume that the material

of the original dam was used in the new embankment.
Zatecky (2015) also mentioned in this respect problems
of safety with current ponds whose dams often have
roads, which were not designed to carry the current
heavy traffic, and increased transport intensity. A num-
ber of dam relics are preserved in the woods which
function as forest roads in the wetlands or are the rem-
nants of former anthropogenic activities (Figure 4(c)).
This confirms the conclusions of archaeologists who
consider the forest as one of the best conservationists
when examining the history of a settlement. The role
of dam relics is interesting in suburban agriculturally
intensely utilized landscapes with preserved dams as
common sanctuaries of non-forest woody vegetation
(Demkova & Lipsky, 2015). Our results show that
32% of the total number for recorded dam relics and
17% of their length serve as sanctuaries for non-forest
woody elements (Figure 4(b)).



Within the intangible imprint of former ponds, we
can mention 50 place names referring to former
ponds which we managed to capture within our
research. These are mainly as street or field names.
Moreover, many of these streets copy the shape of
the original pond dam (Figure 5(a)) thus connecting
the imaginary terrain as well as the written reference
to this former historical landscape element (Frajer &
Fiedor, 2018). A special case is again registered in the
city of Pardubice, which lost the municipality of Spojil
in 1991 when the village became independent and now
forms an enclave in the city of Pardubice. The name of
the village refers to the pond of Spojil from which the
village was built on at the end of the eighteenth century.
The cadastral territory of the village roughly follows the
borders of the former pond (Figure 5(b)).

4.2. Discussion of the methods

It is necessary to expect certain limitations and
obstacles when working with historical sources of
information. This mostly concerns the inaccuracies in

Current map
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the cartographic processing (Havli¢ek et al., 2014) as
well as the contents which reflected the historical
form of the landscape. The 1MS is especially question-
able in this respect as the positional errors are signifi-
cant, amounting to hundreds of meters (Zimovd
et al, 2006). Although the positional error in the
applied mosaic of georeferenced maps reached 200 m
at a maximum (Molndr et al., 2014), it must be taken
into consideration. Thus, the areas of depicted ponds
may be distorted, as the mapping officer could not
draw accurately without the geodetic tools and geode-
ticly controlled reference system. This also applies to
situations where the officer may have overestimated
or underestimated the area of the pond. This situation
can be revealed when we compare the pond area
recorded on the old map with relics of dam on the cur-
rent DTM or in the field. An example of this discre-
pancy is shown on the Main Map (part D). If
retrogressive methods of reconstruction are applied
in this case (Frajer et al, 2013), the later and more
accurate 2MS will show that the original location of a
former pond is covered by a vast wet meadow. Thus,
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Figure 5. Place names connected with former ponds in urban landscape: (a) Street Rybni¢ni (Pond street) which refers to one of the
former ponds and copies the original pond dam (city: Ceské Budgjovice); (b) Enclave of the village Spojil in the administration area
of the city of Pardubice, which was built on the bottom of the pond of the same name Spojil. Source: © OpenStreetMap; © Austrian
State Archives [Osterreichisches Staatsarchiv] — all rights reserved (survey, z.B. ‘Josephinische Landesaufnahme’ / ‘First military sur-

vey’), Mapire.eu; © Czech National Geoportal (CENIA).
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it is probable that the pond used to cover a large area of
it. However, it is impossible to make an accurate recon-
strucition of the shape of the meadow through the
course of the shoreline of the pond, which is apparent
following the course of the current contour lines (a
possible shoreline of pond), which do not copy the out-
line of the meadow (Figure 6).

The question remains with what precision were the
ponds captured on the old maps, especially in areas
with a large number of smaller ponds. The initial
assumption that the number of plotted ponds will
reflect the real state of the landscape at that time (as
these were militarily strategic landscape elements) was
not fulfilled in some areas. This fact was highlighted
by the larger number of ponds plotted in the 2MS
than in the same area in the 1MS (Figure 7(a)). Previous
studies that fully utilized 1MS (e.g. Skalo$ et al., 2011)
worked with a limited number of map sheets, where
the style of displaying and rendering of ponds had not
changed. However, we encounter this phenomenon
when working with a larger number of sheets, which
hinders the interpretation (Figure 7(b)). This brings us
to another limit of the study. The interpretation of
maps and the comparison of data sources were done
manually. With a large number of plotted objects and
creation of the database it is possible that some facts
may have been overlooked or omitted. In our case, the
interpretation of the plotted ponds in historical maps
and their correct placement in current maps was com-
bined with the recognition of dam relics on the current
DTM, which can be distorted in some cases by later
anthropogenic changes and interventions. These
changes cannot be discovered without knowledge of
detailed historical context and field survey (see case
study). The field survey can also reveal

misinterpretations from the DTM, especially in the
case of small or very low dam relics. Our study focuses
on the prevailing use of former ponds and their dams,
but we must consider that sometimes their use is mixed.

Despite the above-mentioned limitations, working
especially with the 1MS was truly beneficial as the
locations of 465 ponds were identified (44% of the
total set) which were not plotted in the 2MS, not
even in the form of dam relic.

5. Conclusions

The cities, which expanded into their adjacent land-
scapes during the 19th and especially 20th centuries,
gradually absorbed the individual elements of the his-
torical landscape and transformed them to their own
image. The same fate occurred to many man-made
ponds in the landscape of the Czech Republic. Some
ponds served as sources of water or energy in the
early stages of city development, while others were
used in commercial fish farming. Most of them became
former during the nineteenth century for various
reasons and their former areas are covered now with
residential areas or city greenery. In the immediate
vicinity of the city, these former ponds mostly serve
as agricultural land or forests. However, the relics of
such ponds are found in the form of at least partially
preserved dams and are still apparent in the digital ter-
rain model. They were most commonly used as foun-
dations for street or roads networks which is reflected
in some place names, especially street names. The
study of dam relics in urban environments represent
another challenge of geomorphological and geographi-
cal research. At present, small water reservoirs and
their potential renewal in the Czech Republic are a

Figure 6. Uncertainty about the reconstruction of water area of pond: red line — pond water area according to 1MS; yellow line —
wet meadow according to 2MS; white lines — contours Data source: © Austrian State Archives [Osterreichisches Staatsarchiv] — all
rights reserved (survey, z.B. ‘Josephinische Landesaufnahme’ / ‘First military survey’), Mapire.eu; ; © Czech National Geoportal

(CENIA); © ZABAGED; CUZK.
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1MS (map sheet no: 108)

Figure 7. Limits of the old maps: (a) Different numbers of ponds and their depiction between two map sources (city: Jindfichlv
Hradec); (b) Different styles of displaying ponds on the map sheets of TMS. Source: © Austrian State Archives [Osterreichisches
Staatsarchiv] - all rights reserved (survey, z.B. ‘Josephinische Landesaufnahme’ / ‘First military survey’), Mapire.eu; ; © Czech

National Geoportal (CENIA).

widely discussed topic in connection with the possibi-
lities of coping with recurrent drought episodes (Frajer
& Fiedor, 2018), which could relate to former ponds in
the open countryside around the city.

Software

The digitization of ponds, the follow-up analyses and
the creation of the resulting map were made in the pro-
gram ArcMap (ver. 10.7) by ESRI. Recognition of the
relics of ponds was made with the help of online Geo-
portal CUZK (https://ags.cuzk.cz/dmr/).
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