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ABSTRACT
The paper presents a map of historical ponds of the whole Czech Republic which was created on
the basis of the 2nd Military Survey (1: 28,000) from the period 1836 to 1852. This source was
selected with respect to its age, precision, validity and accessibility at the Czech National
Geoportal via the Web Map Service. All water areas, which had existed in the 2nd Military
Survey within the current Czech Republic, were identified on this basis and vectorised in the
Geographic Information System. Historical ponds larger than 0.5 ha were then picked from
this layer, complemented with other attributes and analysed in combination with the current
geodata (occurrence of pond, prevailing land use of extinct ponds, etc.). The resulting map
may serve as a measure for potential attempts at restoring some extinct ponds, out of which
over 3400 ponds larger than 15,500 ha have been discovered. This map source may be
practically applied in Spatial Planning and in particular measures taken against changes in
the global climate, specifically in the Czech Republic against droughts. The map source may
be utilised by state authorities or local administrations.
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1. Introduction

Small water reservoirs are one of the fundamental
elements of farm land in Central Europe (Jusycyak &
Kędziora, 2003) where they play many roles. First and
foremost, it is the important water management role:
they hold water in the catchment and influence its
further distribution (Krol, de Vries, van Oel, & de Ara-
újo, 2010). They also play a significant role in the local
ground water regime, serve as important biocentres
and may also contribute to the improved quality of
water in the basin (Rozkošný et al., 2013), inwater reser-
voirs used in farming and by small industrial plants
(Wood&Barker, 2002) throughpotablewater resources
for the city and the country, safety retention areas in case
of fire to the important role of landscape aesthetics and
recreation. The history of small water reservoirs is con-
nected with the construction of medieval ponds which
had been built in greater numbers as early as the fif-
teenth century although almost two-thirds of them dis-
appeared at the turn of the nineteenth century as a result
of social changes; they were converted into arable land
(Pavelková, Frajer, & Netopil, 2014; Pokorný & Hauser,
2002). The current scientific and social interest in small
water reservoirs is growing as a result of global climatic
changes. State or European funds are applied to estab-
lish new reservoirs or to renovate many existing ones

for their retention and ecological functions. It is possible
to reconstruct extinct ponds and pond systems in this
context. The use old maps as important information
sources about the historical landscape form to deter-
mine their original position and size is ideal (Baily,
Riley, Aucott, & Southall, 2011; De Boer, 2010).

Using old maps as groundwork for basic and applied
research is currently a phenomenon spread throughout
different areas (Brůna, Křováková, & Nedbal, 2010),
especially considering the possibilities which their pro-
cessing and analyses in the Geographic Information Sys-
tem (GIS) provides (Fujihara & Hara, 2011; Gregory &
Healey, 2007). In the regions where they existed histori-
cally as part of the Habsburg Monarchy there are signifi-
cant map sources serving to analyse the historical
landscape of the 1st Military Survey (1764–1783 in the
Czech lands), the 2nd Military Survey (1836–1852) and
the 3rd Military Survey (1876–1880) or the very detailed
plans of the stable cadastre from 1826 to 1843. The
above-mentioned maps served as resources in many
different studies focusing on the issues of their carto-
graphic and geodetic processing (Čada & Vichrová,
2009; Timár, 2009), positional accuracy (Veverka,
Ambrožová, & Čechurová, 2011) and the possibility of
geo-referencing in the GIS (Cajthaml, 2013; Molnár,
2010; Timár, 2004). The Habsburg military surveys laid
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the groundwork for studies assessing the time-space
development of the landscape structure or the individual
landscape elements (Havlíček, Krejčíková, Chrudina, &
Svoboda, 2012; Havlíček, & Chrudina, 2013; Pietrovszki
& Mészáros, 2010; Skaloš, Engstová, Trpáková, Šan-
trůčková, & Podrázský, 2012; Štefunková, Špulerová,
Dobrovodská, Mojses, & Petrovič, 2013). Following
from the research of water elements in the landscape,
oldmaps were used, for example, in evaluating the devel-
opment of watercourses (Langhammer & Vajskebr,
2003; Skokanová, 2005), changes in lake levels (Bara-
bach, 2013), reconstructions of extinct ponds (Frajer,
Geletič, & Kladivo, 2013), analyses of hydrological
extremes and disasters (Raška & Emmer, 2014) and,
last but not least, the impact of water areas on the land
use of the surrounding countryside (Keken, Panagiotidis
& Skaloš, 2015). Despite noticing a number of publi-
cations dealing with historical development of water
areas following from their driving force in the country-
side whose primary sources are the old maps (see Havlí-
ček, Pavelková, Frajer, & Skokanová, 2014; Jusycyak &
Kędziora, 2003; Kopp, Frajer, & Pavelková, 2015; Pavelk-
ová Chmelová, Frajer, Pavka, Dzuráková, & Adámek,
2012), these are mostly regional studies. Historical
maps of reconstructed water areas in smaller territorial
units in individual time periods can be found therein.
However, the central-European region has not had a
digital map of historical ponds of the mid-nineteenth
century at the disposal that would depict all water
areas in the whole country. This unique digital map of
the Czech Republic with precise plotting of water areas
is useable in the landscape planning and landscaping.

The aim of this study is to create a geographic layer
and map of extinct ponds in the whole Czech Republic
based on old maps. It could serve as expert groundwork
for the purposes of practice, especially in planning new
water areas, reintroduction of the retention function of
the landscape and adapting to climate changes.

2. Methods and data

2.1. Used historical maps

The primary source in the creation of our map was the
2nd Military Survey (from 1836 to 1852), the Stabile

cadastre maps (1824–1852) as a complement, the Prus-
sian Military survey (1825–1827) and the 2nd Austrian
Military Survey (1836–1852). The selection of these
resources was limited by several factors. Firstly, we
had to respect the fact that the recording of the highest
possible number of extinct ponds required working
with the oldest possible map source covering the
whole area of the Czech Republic within the current
borderline in an adequate scale. The time aspect is
very important as historical research shows that most
ponds in the Czech lands disappeared at the turn of
the nineteenth century (Pavelková et al., 2014).
Another important factor was the positional accuracy
of old maps and their processibility in the GIS so that
the acquired information was easy to apply in current
maps and plans. The maps of the 1st Military Survey,
the maps of the Stable (or Franciscan) Cadastre or
the maps of the 2nd Military Survey were considered
for the groundwork layer (map) of the extinct ponds
(Table 1).

The 1st Military Survey presents a unique image of
the Habsburg Monarchy landscape of the eighteenth
century. The survey records most pond surfaces in
the Czech lands prior to their desiccation and modifi-
cation to another type of use. The ponds in this survey
are easy to recognise and interpret. However, the sur-
vey as a whole shows significant positional inaccuracies
following from the method used without a geodetic
network (Pietrovszki & Mészáros, 2010). It might
also be difficult to geo-reference individual map sheets
in the GIS. Despite the positional inaccuracies, this
mapping can be applied in GIS analyses of landscape
ecological studies (Skaloš et al., 2011). On the other
hand, the requirement of a minimum positional devi-
ation is vital with respect to the follow-up analyses of
the current map materials.

The formation of a stable cadastre in the Czech
lands, Moravia and Silesia falls between 1824 and
1836, that is shortly before the creation of the 2nd Mili-
tary Survey maps which followed from the stable
cadastre maps. The survey was mostly carried out in
the scale 1:2880, over a geodetic network and it is a
great deal more accurate than the 2nd Military Survey
maps derived from it. However, scanned copies of the
individual sheets are not available for free and above

Table 1. Assessment of potential sources of data to create the target map.
1st Military Survey 2nd Military Survey Stable cadastre

Origin 1764–1783 1836–1852 1826–1843
Scale 1:28,800 1:28,800 1:2880
Geodetic base No Yes (triangulation network) Yes (triangulation network)
Positional
accuracy

150–1000 m 25–100 m High

Accessibility Colour scan (separate sheets – portal
oldmaps.cz or the mosaic for viewing
mapire.eu)

Colour scan (geo-referenced mosaic
available through Web Map
Service)

Colour scan (separate sheets – geoportal of State
Administration of Land Surveying and
Cadastre)

Water areas
identification

Effortless Difficult Effortless

Main advantages The highest occurrence of water areas
recorded prior to their mass desiccation

Positional accuracy and availability for
processing in the GIS

Detail
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all they are not geo-referenced (located in coordinate
system). Thus they are unsuitable for processing of a
larger area in the GIS (Fuchs, Verburg, Clevers, & Her-
old, 2015).

Therefore the 2nd Military Survey was selected as a
primary source of information on extinct ponds. Timár
(2009) calls this survey ‘the masterpiece’ of Habsburg
Monarchy maps. It was used as late as the 1960s. Con-
trary to its predecessor, it was based on more precise
cartographic groundwork using a network of trigono-
metric points (more details in Timár, 2009). The pos-
itional deviation is low compared to the 1st Military
Survey. Furthermore, the 2nd Military Survey in the
Czech Republic is available through Web Map Service
in the form of a seamless geo-referenced mosaic in the
coordinate system S-JTSK/Krovak East North (Czech
National Geoportal, 2015).

Several locations in the Czech Republic are not
included in the 2nd Military Survey maps. Twomissing
sheets of the index map of the 2nd Military Survey near
Brno and Nový Jičín were completed by plotting car-
ried out over the stable cadastre geo-referenced maps.
It was unnecessary to correct the position with ponds
thus plotted. Three larger locations did not use to be
part of the Czech lands and therefore they were not
part of the 2nd Military Survey although they were
included in the Prussian Military survey (the region
of Hlučínsko, the area of the so-called Prussian Silesia)
and the 2nd Austrian Military Survey (the regions of
Valticko and Vitorazsko). The Prussian Survey (Die
preußische Uraufnahme) was carried out in 1825–
1827 in the scale 1:25,000 for the area of Hlučínsko.
These maps are more positionally inaccurate than the
maps of the 2nd Military Survey and no alternative
map source is available in these locations (e.g. old
cadastre maps). Thus the plotting had to be corrected
significantly on the basis of topological elements in
the maps (preserved communications in place of
extinct dams, etc.).

2.2. Identification of historical ponds in the
maps of the 2nd Military Survey

Although the 2nd Military Survey is rated as very con-
venient for the purposes of surveying the water
elements of a landscape on the regional level (Chru-
dina, 2009; Kovács, 2010; Havlíček et al., 2014; Skoka-
nová, 2005), the studies of larger areas encounter issues
of varied quality of individual well-preserved map
sheets which consequently makes their interpretation
difficult. The original colour of water areas was well-
preserved in some map sheets (light blue with dark
blue contour of bank lines) while the original blue col-
our of water areas was bleached down to a light colour
due to light in some other cases. The original contours
of water areas blackened. Their identification was thus
considerably more difficult and could lead to confusion

with a different type of area (fields, meadows and
pastures).

Therefore it was necessary to verify whether the area
in question was a water area or not using some of the
auxiliary indicators (Table 2).

Detailed maps of the stable cadastre (1:2880) were
used as reference source in disputed cases. The 2nd
Military Survey proceeded from its groundwork. The
stable cadastre maps were applied in some concrete
historical studies of landscape changes in Central
Europe which focused on all elements of the landscape
including water areas (Druga & Falťan, 2014; Klich,
Gielarek, & Antosiewicz, 2013; Popelková & Mulková,
2011; Skaloš & Engstová, 2010).

2.3. Vectorisation and complementation of basic
attributes

Following their identification, the water areas were vec-
torised into polygon shapefile in the ArcGIS 9.3.1. pro-
gram. All water areas were vectorised in a fixed scale of
magnification (1:5000). Apart from the vectorisation
itself, the key element in this stage was assigning the
attributes to the individual polygons of the water
areas. First, it was necessary to determine whether it
was a pond (or an artificial water reservoir) or a lake.
All recognised ponds were marked as historical and
other attributes were determined (the presence or

Table 2. Auxiliary indicators to determine water areas in the
2nd Military Survey.
Auxiliary
indicator Description Examples in the 2nd Military Survey

Dam Most water
reservoirs have
dams which

were marked in
the maps using a
bold or double

line. A
communication
usually led on
the crest of the

dam.

Interrupted
water
flow

The presence of
a water area is
also marked in
the map by an
interrupted
water flow.

Toponym

The presence of
the name of a
water area
facilitated its
identification
most. Ponds
were often

denoted with the
German name
‘Teich’ or only
the abbreviation
‘T.’, lakes were

‘See’

Sources: Austrian State Archive/Military Archive, Vienna, Geoinformatics
Laboratory, University of J. E. Purkyne, Ústí nad Labem.
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absence of a dam, detectable inflow or outflow, the his-
torical name and area).

2.4. Corrections and adjustments

The first vectorised data set of historical ponds was
made for the Chrudimka River basin in East Bohemia.
This data set became a pilot study and an experimental
probe for partial analyses (Pavelková Chmelová et al.,
2012). About 356 historical ponds of an entire area of
6.18 km2 were identified within the 2nd Military Sur-
vey on the entire area of the river basin which covers
859 km2. The accuracy of plotting was tested on this
sample of ponds and their compatibility with the cur-
rent maps. The digital vector model ZABAGED® was
applied again whose part is the spatial layer ‘water
areas’ containing all the current Czech water. The
intersection of the historical pond layer with the cur-
rent water area layer provided an opportunity to ident-
ify the ponds which had not been plotted in the 2nd
Military Survey maps and still exist today (in the orig-
inal or decreased expanse). However, the results of the
spatial analysis were disappointing. Above all, it proved
that due to the scale of the old map too small historical
ponds (up to 0.5 ha) may exhibit deviations in the area
occurring during the vectorisation. It also reflected the
overall spatial deviation which burdens the 2nd Mili-
tary survey. The plotting of the existing historical
ponds was shifted by several dozens of metres com-
pared to their current position.

The position of most plotted historical ponds had to
be adjusted manually, mostly on the basis of its com-
parison with the maps of the old land registry (the
parts accessible via the Web Map Service (WMS),

Figure 1) or the current topographic maps. The pos-
itional corrections could not be automated as each
map sheet contained a different value deviation. It
was also resolved that manual corrections would only
be applied in the historical ponds larger than 0.5 ha.

2.5. Spatial analyses, database completion

It was possible to process some data automatically
thanks to accurate positioning of the plotted objects.
The first essential items completed in the database
were the identification of a plotted object in the past,
the type of the object at present (in case the water
area has been somehow preserved) and the degree of
preservation which was aggregated into two categories
for the purposes of further work – the extinct object
and the preserved object (both from the view of area
and its use).

Another important attribute was the current pre-
vailing use of the area of a historical pond. This infor-
mation was acquired penetrating the polygon layer of
historical ponds with the layer ‘Vegetation and surface’
which was created by combining selected layers of the
digital vector model of the Czech Republic ‘The geo-
graphic base data of the Czech Republic’ (ZABAGED®)
which had been under construction until 2004 by vec-
torising the Basic map of the Czech Republic (1:10,000)
in the coordinate system S-JTSK. The layer ‘Vegetation
and surface’ was upgraded in 2014 (State Adminis-
tration of Land Surveying and Cadastre, 2015) and it
contains the basic division of land use (arable land, for-
est, parks and orchards, permanent grasslands, built-up
areas, water and others). The category of prevailing
land use was determined on the area of a historical

Figure 1. Correction of an object position according to an old cadastre map (Source: State Administration of Land Surveying and
Cadastre).
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pond, apart from the representation of the individual
categories of land use.

Further processing of geographic data assigned
further information to each plotted object (over
0.5 ha), for example, of the soil cover, precipitation
and temperature conditions, altitude, affiliation with
an administrative or hydrological unit, etc.

2.6. A map of extinct ponds

The basic topographical groundwork of the map con-
sists of coloured hypsometric expressions of altitudes
of hillshade terrain complemented with basic elements
of topography – the borders of the state and the admin-
istrative units, railroads, roads, watercourses and water
areas, built-up areas and the locations of the capitals.
There are lines of reference grid (S-JTSK) above it in
the map face labelled in the map frame. The Main
Map ‘Historical ponds of the Czech Republic: an
example of the interpretation of historic maps’ is in
the scale 1:430,000 (the detail is in the scale
1:100,000), the format of the map sheet is ISO A0.

The theme of the maps consists of a geodetic field of
centre points of the plotted ponds in the form of gradu-
ated symbols (five size categories of ponds) with colour
expressions corresponding to the prevailing land use in
the location of an extinct pond. The white

semitransparent mark is used to plot preserved
ponds. Unclassified ponds with area under 0.5 ha are
not marked in the map.

A high concentration of objects around the city of
Ostrava is marked in a map detail.

3. Results

A total of 33,713 water areas covering 63,923 ha in the
current Czech Republic were identified in the old maps
used. A total of 11,064 historical water areas of over
0.5 ha were selected for further processing (manual
corrections, spatial analyses and attributing). About
10,952 water areas out of the above-mentioned number
were identified as historical ponds. We discovered that
as many as 68.8% of historical ponds have been pre-
served in the landscape up to the present time. The
rest of them may be considered extinct (3416 ponds
of 15,754 ha). The areas of the extinct ponds are cur-
rently used mostly as arable land or as permanent
grasslands. The land use of the extinct ponds in
dependence on the interval of altitude is shown in
Figure 2.

In terms of size, small historical ponds of 0.5–3 ha
prevail. This concerns 70.2% of the total number of
ponds. Only 0.6% of large ponds exceeding 100 ha
were noted; this is depicted in greater detail in Figure 3

Figure 2. Share of ponds in various intervals of altitude and land use of extinct ponds (%).
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(a graph according to the intervals). Adequately to this
trend, we also note the numbers of extinct ponds.
Almost 77% of them are in the size category of 0.5–
3 ha, while 0.4% in the intervals over 100 ha. The lar-
gest extinct pond (Velká Čeperka Teich in the Labe
basin) had the area of 527.48 ha.

The current numbers of water surfaces is possible to
find in the geographic base data of the Czech Republic
(ZABAGED) which is a digital vector model of the ter-
ritory of the Czech Republic. ZABAGED currently
contains 76,357 objects of the area of 85,229 ha in the
WaterArea layer (data from 2013). This database
does not sort the water areas into any categories and
it contains ponds as well as dams, small water reser-
voirs, lidos, fire reservoirs, remnants of coal, sand
and sandy gravel mining, sludge lagoons, etc.

4. Discussion

4.1. Discussion of the results

The results have shown that there are a large number of
historical ponds in the current Czech Republic and
thus the statement of Jusycyak and Kędziora (2003)
claiming that water reservoirs belong among the funda-
mental elements of agricultural landscape in Central
Europe can be confirmed. However, if the numbers
of historical ponds discovered within this study in the
old maps of the mid-nineteenth century for the area
of the current Czech Republic are compared with the
numbers and areas of ponds in historical professional

literature, significant differences will be found. Růžička
(1954) states that up to 180,000 ha of ponds were pre-
sent here in the sixteenth century. According to the
Official list of ponds, there were 76,816 ha of ponds
(Mokrý, 1935) in Bohemia alone (one of the three his-
torical areas of the Czech Republic). This data prove
that there were a great deal larger number of ponds
in the researched area. They ceased to exist at the
turn of the eighteenth and nineteenth century, there-
fore they do not appear in the 2nd Military Mapping
or their existence is only referred to in map toponyms.
Thus the second wave of pond extinction is noted in
our study. In relation to the driving force of the pond
extinction stated by Pavelková et al. (2014), ponds at
the turn of the eighteenth and nineteenth century
ceased to exist in relation to the reforms of Enlighten-
ment (abolition of serfdom, dissolution of monasteries)
and their bad technical condition and economic unpro-
fitability. Ponds then cease to exist during the nine-
teenth century in connection with the transition to
alternate farming and extensive cultivation of sugar
beet along with replacing water power with fossil
fuels, which has been recorded in our map.

The current prevailing use of areas of the extinct
ponds then differs logically with respect to the phys-
ical-geographic facts of the locations (especially the
altitude). Lower altitudes are mainly covered by farm-
ing land and built-up areas (they are densely populated
fertile lowland areas around major rivers) while in
higher altitudes we notice a greater representation of
permanent grassland and forests, or water areas (in

Figure 3. Number of ponds according to the area (ha).
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situations where some ponds were dissolved in connec-
tion with constructions of large dams). And it is in
those areas where the original pond areas are utilised
extensively where the potential locations for restor-
ation of ponds can be searched.

4.2. Discussion of methodology

Some weaknesses have been discovered in the applied
methods which must be dealt with while interpreting
and analysing old maps. First of all, the research of a
certain phenomenon in a large area using old maps
requires a different and often unique method (Fuchs
et al., 2015) compared to regional or micro-regional
studies. Personally, we had to deal with issues con-
nected with interpretations of map content – water
areas in individual map sheet of the 2nd Military Sur-
vey whose colourisation and original hues were altered
to a degree due to light conditions. This fact made it
virtually impossible to apply the potential methods of
automatic classification (Herrault, Sheeren, Fauvel, &
Paegelow, 2013). Each water area thus had to be ident-
ified individually. The use of another set of maps (the
Stable Cadastre) from a similar period proved to be
highly beneficial. Despite being in the form of non-
geo-referenced thumbnails, it served as a reference
layer in some cases of an unclear identification or it
replaced the lost sheets of the 2nd Military Survey.
The 2nd Military Survey is based on accurate geodetic
foundations which facilitate its application in compar-
ing the current and past topographic features within a
tolerated spatial deviation (Timár, 2009), however, it is
necessary to take into account the spatial deviation
within several dozens of metres and eliminate it to be
able to apply it in the follow-up analyses in the GIS
combined with the current digital map sources. A
number of adjustments must be manual which is
very time-consuming. However, these adjustments
are important for the future practical application of
digital results combined with the current map
resources.

5. Conclusions and discussion

The creation of a map of extinct ponds of the Czech
Republic confirmed the importance of old maps and
their value for the purposes of current landscape
research whether from the view of landscape planning
(Marcucci, 2000) or discovering long-term human
influence and activities in the landscape (Latocha,
2015). It also confirmed the importance of man-
made water reservoirs as part of the historical land-
scape of the Czech Republic. Comparing the maps of
the 2nd Military Survey from the mid-nineteenth cen-
tury with the current maps, it was ascertained that
there are 10,952 historical ponds larger than 0.5 ha in
the current landscape. Most of them are smaller than

3 ha. On the other hand, a large number of extinct
ponds are noticed (3416 ponds larger than 0.5 ha)
whose area is currently utilised mostly as farmland.
The areas are used more extensively with growing alti-
tude which allows considerations for potential pond
reconstructions in these locations. The completed
map may be applied in practice. The spatial infor-
mation on the extinct ponds, their locations, current
use or the historical existence of dams on such ponds
may result in projects of their reconstructions (David
& Davidová, 2015). The resultant geodata, with the
exception of the overall maps of extinct ponds of the
Czech Republic, were made freely accessible through
the Web Map browser within the Hydroecological
information System (HEIS) which is managed by
T. G. Masaryk Water Research Institute (see http://
heis.vuv.cz/data/webmap/isapi.dll?map=mp_historickery
bniky). The authors of this map hope that publishing the
results through a web browser will result in the use of the
map of extinct ponds for potential government bodies or
private entities who would be interested in recovery of
some extinct ponds either using their own resources
or various subsidy programmes (Rozkošný, Dzuráková,
Pavelková Chmelová, & Konvit, 2014). Restoring these
extinct water reservoirs can contribute significantly to
local adaptation to the global climate changes or restor-
ation of biodiversity in intensively farmed cultural
landscape (Ruggiero, Céréghino, Figuerola, Marty, &
Angélibert, 2008).

Software

The vectorisation of historic ponds, the follow-up ana-
lyses and the creation of the resulting map were made
in the program ArcGIS by ESRI.
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