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Abstract: The landscape of the Czech Republic currently faces droughts that are caused by
several factors. One of the reasons for drought is landscape development and land
cover changes. Changes in water and wetland areas and streams were studied by
comparing old military maps and the present state. Water and wetland areas in fertile
lowlands significantly decreased over time; the landscape was continuously dried out
with the aim of increasing agricultural and woody production. While water and
wetland areas occupied nearly one-third of the study area (Nové Dvory and Zehusice
micro-regions in Central Bohemia) at the end of the 18™ century, the present share of
these areas is only 3.5%. There was a decrease of approximately 10% in each
period, and nearly all of these areas disappeared by the end of the 19" century.
Water and wetland areas were changed primarily to arable land. The length of
streams decreased by the end of the 19" century. Drainage and irrigation channels
were built during the 20" century, and although they are only periodic or episodic
streams, these channels increased the total length of streams.

Key words: streams, still waters, wetlands, land use changes, drought, central Europe

Abstrakt: Krajina Ceské republiky v soudasnosti &eli nebezpedi sucha, které je zptisobeno
mnoha faktory. Mezi né patfi zmény krajiny a krajinného pokryvu. V &lanku jsou
sledovany zmény vodnich a mokfadnich ploch a délky vodnich tokd na podkladé
starych vojenskych mapovani a souasného stavu. Vodni a mokfadni plochy
v nizinach zasadné ubyly a krajina byla vysuSovana s cilem zvySit zemédélskou
a lesnickou produkci. Zatimco na konci 18. stoleti vodni a mok¥fadni plochy zaujimaly
skoro tfetinu sledovaného Gzemi Novodvorska a Zehusicka ve sttednich Cechach,
v soucasnosti je to jen 3,5 %. V kazdé ze sledovanych period ubylo pfiblizné 10 %
jejich rozlohy, vyznamny ubytek téchto ploch v krajiné tak nastal jiz v 19. stoleti.
Vodni a mokfadni plochy byly zménény pfevazné na ornou pudu. Délka vodnich
toku poklesla zejména v prubé&hu 19. stoleti. SouCasna data ukazuji narast jejich
délky, ktery je ale zplsoben budovanim zavodnovacich a odvodhovacich kanald,
jejichz délka je také zapocitana do celkové délky vodnich tokU, byt nejsou celorocné
protékany vodou.

Klicova slova: vodni toky, vodni plochy, mokfadni plochy, zmény vyuziti krajiny, sucho, stfedni
Evropa

1. Introduction

Urbanization and intensive farming resulted in landscape changes during the last two centuries
almost in the entire world. These changes are related to losses of ecological and water
absorption capacities as well as damage to the historical value and scenic beauty of cultural
landscapes (Bastian et al., 2006). Two main trends were recognized: intensification and
extensification (Antrop, 2005; Van Eetevelde and Antrop, 2009). Both of these processes
influence present land cover and landscape structure and are a result of the development of
society and economy (Van Eetevelde and Antrop, 2009). Agriculture is one of the most
influential driving forces in countryside landscapes. The development and drivers of European
agriculture over the last two centuries from the era of peasantry, through innovation,
intensification, industrialization, collectivization, and commercialization to environmental
awareness were described in detail by Jepsen et al. (2015).

The state of agriculture influences not only land cover but also ecological stability and water
management in a landscape because agriculture is a serious water consumer and influences
both water quantity and quality (Santriiékova et al., 2015; Kniezkova, 2013). Lastly, modern
intensive agriculture can use land with high level of underground water where used to be
wetlands, lakes or ponds. Intensification of agriculture has usually resulted in the drying out of
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water areas and wetlands and the shortening of streams (Endfield and O’Hara, 1999; Julian et
al., 2015). In the Czech Republic, there used to be many ponds until the end of the 18" century,
but many of them were dried out during the 19™ century and changed to arable land, especially
in the fertile lowlands of Bohemia and Moravia (Pavelkova et al., 2014).

Different data sources can be used for studying land use / land cover changes. One way to
study these changes is to use historical and actual statistical data about land use. These data
for the Czech Republic are available for cadastral municipalities from 1845 to the present day
(Bicik et al., 2010; Stastna et al., 2015). The use of statistical data has two main disadvantages.
First, the data cannot be localized within a landscape, and only the predefined land use
categories of each cadastral municipality are known. Secondly, information about land use
categories and their quality may not be made more precise, land use categories could be only
grouped together (Santri¢kova and Bendikova, 2014). Another approach is to gain information
about land cover from old maps and aerial photographs. Old maps dating from the second half
of the 18™ century are available in an appropriate resolution and topographical quality for large
areas in Europe (Van Eetevelde and Antrop, 2009; Skalo$ et al., 2012b; Fuchs et al. 2015;
Skalo$ et al., 2011). Mining information from old maps is time consuming, but maps provide
precise localization of land cover patches. On the other hand, maps do not contain information
about the quality of identified patches. The knowledge about landscape in the past could be
deepened by studying additional sources, mainly written texts, e.g., historic encyclopedias or
historical landscape surveys (Vellend et al., 2013; Endfield and O'Hara, 1999; Foster, 1992;
Santrtgkova et al., 2015; Fuchs et al. 2015).

The aim of this study was to investigate the extent of changes in the areas of still waters and
wetlands and the length of streams in the intensively farmed landscape (case study from
the Central Bohemia) in relation to long-term land-use changes from the second half of the 18"
century to the present day. The study contributes the understanding of the deep landscape
changes, mainly focus on the water and wetland areas that European landscape has
experienced in the last 250 years. These changes caused that intensively farmed landscapes
suffer by drought nowadays. The knowledge about the water and wetlands areas development
could be a part of the drought solution. The information about landscape history is essential for
future landscape planning and water management (Santrickova et al., 2013).

2. Materials and methods
2.1 Study area

The study area was located in Central Bohemia, east of Kutna Hora (Fig. 1), Czech Republic.
The area consists of 21 cadastral municipalities, with a total area of 113 km?2. It is situated in
the lowlands near the Elbe River that creates its northern border. With the exception of
the foothills of the Zelezné Hory Mountains, the area is predominantly flat at an elevation of
200-230 m with only slight differences in elevation. The most important streams are two Elbe
tributaries: Doubravka and Klejnarka. The area is located in an intensively utilized agricultural
landscape, which has been used for farming since Neolithic times. The landscape is currently
formed by large-scale arable fields with small patches of woodland and rural settlements.
However, a number of historical landscape structures from the 15"-19" centuries (e.g., relics of
the former landscape design) are among the characteristic landscape features, increasing its
cultural, aesthetic and natural values (Skalo$ et al., 2011). We focused on this area because it
is an intensively farmed landscape with its typical problems; on the other hand, remnants of
historical landscape structures are still present.
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Fig 1. The study area. Source: State Administration of Land Surveying and Cadaster

2.2 Source data

Old maps and archival sources

Old military maps were used as a basis for further interpretation of changes in water areas and
streams in different time periods. Three sets of military maps were made for the territory of
the present Czech Republic — First Military Maps (1763-1783), Second Military Maps (1842—
1852), and Third Military Maps (1874—-1880). These maps are medium-scaled; the scale of
the First and the Second Military Maps is 1:28,800, and the scale of the Third Military Maps is
1:25,000. While the First Military Maps were made without any accurate surveying or
cartographic methods, the Second and Third Military Maps are much more precise and are
based on a triangulation network (Petrovszki and Mészaros, 2010; Skalo$ et al., 2011; Skalos et
al., 2012a).

Written archival sources were studied for the delimitation and specification of wetlands.
The First Military Survey was composed of map sheets and written reports. These reports (one
book for each region) describe in detail the terrain, landscape character, ponds, streams,
wetlands and roads. The reports are accessible in the National Archive in Prague. The reports
were made for military officers with regard to accessibility for troops and clear arrangement of
terrain (Vavrova and Santrickova, 2009).

The Second Military Survey was made in close association with stable cadastral mapping;
the topography of the military maps was derived from cadastral maps, which are much more
precise because they are large-scale maps (1:2,880). For precise boundaries of wetlands on
the Second Military Maps, maps of stable cadaster and written cadastral reports were used. In
uncertain cases, written sheets were studied. These sheets are also deposited in the National
Archive in Prague.

The most difficult task was to find necessary additional information to ensure precision of
the Third Military Maps because we could not use any reports made for broader area as was
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possible for the First and Second Military Maps. Information about wetlands and water areas
were collected from several partial reports stored in the State Regional Archive in Prague.
The two collections used were the Estate Nové Dvory for the western part of the study area
(source: the description of the Estate Nové Dvory from 1864) and the Estate Zehusice for
the eastern part (source: the report of evaluation of the Estate Zehusice from 1879).

Present data

Data about the present-day state of still waters and streams was taken from the Basic Water
Management Map of the Czech Republic (T. G. Masaryk Water Research Institute) on the scale
of 1:50,000. They are online available from the digital water management database (DIBAVOD)
(for data see http://www.dibavod.cz/index.php?id=27).

Natural habitat mapping data from the Agency for Nature Conservation and Landscape
Protection (© AOPK) was used to assess proportions of wetlands (alluvial forests and alder and
willow carrs, and wet meadow). The data consisted of a digitized vector output for the Czech
Republic on a scale of 1:10,000. It was developed during the establishment of Natura 2000
(according to the Habitats Directive).

2.3 Data processing

Old military maps were scanned and georeferenced to spatial co-ordinate system (S-JTSK) to
obtain raster maps as data sources for digitization of historical changes in water areas and
wetlands (for details of georeferencing and vectorization, see Skalos et al., 2011).

Archival sources were used to re-classify the old maps to be comparable to current maps of
water areas and wetlands. Common historiographical methods (textual analysis, inner and outer
critics) were applied to analyze the written sources (Black and Macraild, 2007) from which
information about the quality of the selected habitats was obtained for each patch.

Water areas were separately digitized as polygons and streams as polylines. With the help of
ArcGIS 10 software, the length of streams and area of still waters and wetlands were calculated.

Then, historical layers of still waters and wetlands (except from the First Military Maps) were
intersected with historical and present land use published by Skalo$ et al. (2011) to obtain
spatio-temporal changes in still waters and wetlands (Table 1). Changes in still waters and
wetlands from the First Military Maps were not quantified because of its topographic inaccuracy.

For ease of map analysis, the maps are presented as single-year and not according to mapping
periods (i.e., First Military Map of 1780, Second Military Map of 1840, Third Military Map of
1880, and present map of 2010).
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Tab 1. Land cover classification categories.

Land use categories Commentary

Continuous as well as non-continuous built-up areas (isolated
built-up areas outside town residential area). It includes
residential built-up areas as well as various technical structures,
yards, warehouses, car parks etc. As well as buildings it also
includes other built-up surfaces excluding land transport

Built-up areas system.

Agricultural land utilized as arable land. It includes both, large,
Arable land intensively utilized agricultural fields and small croft-type fields.

The category includes permanent grassland utilized as pastures
Pastures for grazing livestock.

Extensively or intensively utilized green surfaces with fruit wood
Orchards species are concerned.

Growths composed of various kinds of wood species (trees and
Forests bushes) and having functions as forest.

Growths composed of various kinds of wood species (trees and
bushes), connected green or scattered green in open
Non-forest vegetation landscape.

The category includes surfaces of parks, gardens, graveyards
and playgrounds. The parks are understood as larger surfaces
inside or on the outskirts of built-up parts of settlement. Wood
vegetation within town residential area was not included into
this category with the exception of spacious garden surfaces
Parks and gardens having connection with open landscape.

All types of land transport network. Paved roads of all classes
as well as unpaved roads, so called country roads, railways and
Roads various kinds of specific transport networks are concerned.

Water surfaces were included regardless of their way of origin,
vegetation abundance or a measure of their bottoms and banks
Still waters reinforcement.

Water streams The category includes all types of flowing waters.

Alluvial forest is a hardwood forest found in river floodplains on
low levees, ridges and terraces that are slightly elevated above
Alluvial forests and alder |floodplain swamp and are regularly flooded for a portion of the

and willow carrs growing season.

Alder and willow carrs is a type of waterlogged wooded terrain

dominated by Alnus sp. or Salix sp.

A wet meadow is a field habitat vegetated by grass and other

Wet meadows non-woody plants (grassland) with soils that are water-saturated
for part or all of the growing season.

3. Results

We analyzed the intersection of land cover maps and employed a correlation matrix for
the quantification of land cover changes with focus on the water and wetland areas. The extent
of water areas and wetlands changed rapidly in the study area over the last 250 years (Fig. 2).
Generally, the areas decreased at a great rate until the end of 19™ century in all categories.
However, the temporal change of each category in the last period is different. While still waters,
and alluvial forests and alder and willow carrs gradually decreased with a slight increase in
the last period, wet meadows disappeared almost completely. Wet meadows, areas with
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the highest proportion in the study area at the beginning of survey (20%), also decreased at
a gradual rate, but the greatest losses occurred between last two time periods (Table 2).
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Fig 2. Water stream, still water and wetland distribution over the observed period.
Tab 2. Dynamics of still water and wetland areas over the observed time period.
Area (ha) Proportion of the study area (%)

Year of observation 1780 | 1840 | 1880 | 2010 | 1780 | 1840 1880 2010

Alluvial forests and

; 836.3 | 651.9 | 253.2 | 314.7 7.4 5.8 2.2 2.8
alder and willow carrs
Wet meadows 2136.9|1539.9| 867.6 10.8 18.9 13.6 7.7 0.1
Still waters 615.2 | 247.0 | 29.6 52.0 5.4 2.2 0.3 0.5
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The length of streams decreased from 123 to 94 km until the end of 19" century due to
straightening of natural watercourses. Consequently, it has increased by 76% to 165 km in
present day (Table 3).

Tab 3. Water stream length dynamics over the observed time period.

Length (km)
Year of observation 1780 1840 1880 2010
Water streams 123.4 117.6 94.0 165.4

Still waters almost disappeared during the period 1840-1880. Only 14% of their area was
preserved. They were converted mostly into arable land (72%). Approximately 10% were
transformed into non-forest vegetation (Table 4).

In next period (1880-2010), nearly 43% of the water area was preserved. Conversely, 27.5% of
the area was converted to arable land, and 22% to forest land and non-forest vegetation
(approximately 13% and 9%, respectively).

Tab 4. Conversion of still waters and wetland habitats into other land use categories in the 2" (1840-1880) and 3™
(1880—2010) period of analysis (expressed in % from the total area of the habitat).

Still waters (%) Alluvial f_orests and alder Wet meadows (%)
Land use categories and willow carrs (%)
ond 3rd ond 3rd ond 3rd

Built-up areas 0.99 1.26 0.27 0.03 0.35 0.74
Arable land 71.71| 2751 50.12 2.67 50.52 69.65
Pastures 0.10 0.23 0.00 0.00 0.00 0.24
Orchards 0.00 0.01 0.00 0.02 0.00 0.16
Forests 2.36| 13.28 10.63 11.10 0.62 6.45
Non-forest vegetation 9.92 9.37 4.49 1.78 6.7 6.62
Parks and gardens 0.43 2.78 0.23 0.02 0.36 0.74
Still waters 14.16| 43.09 1.50 0.02 3.25 0.94
Water streams 0.00 1.55 0.00 0.15 0.00 0.77
Roads 0.19 0.50 0.04 0.00 0.30 0.79
\/Av'illfov\jvalc‘;fts and alder and 0.00| 0.00 21.54 84.20 154 1116
Wet meadows 0.14 0.43 11.19 0.00 36.98 1.74

100 100 100 100 100 100

Both alluvial forests and alder and willow carrs, and wet meadows were converted into arable
land by 50% (each) between 1840 and 1880 (Table 4). Moreover, approximately 11% of alluvial
forests and alder and willow carrs were replaced by wet meadows, and almost 11% were
classified as forest land. Approximately 6% of wet meadows were classified as non-forest
vegetation. However, only 22% of alluvial forests and alder and willow carrs, and more than one
third of wet meadow areas were preserved until the end of 19" century.

During the next period (1880-2010), 84% of alluvial forests and alder and willow carrs were
preserved and 11% were converted to forest land. On the other hand, wet meadows had nearly
disappeared, as mentioned previously. Only 2% were preserved in the last period. Even 70% of
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them were transformed into arable land. Furthermore, 11% were converted to alluvial forests
and alder and willow carrs, and 6.5% to forest land (Table 4).

4. Discussion
Water and wetland dynamics

The investigation of changes in the area of still waters and wetlands in the intensive agricultural
landscape during the last two centuries proved the hypothesis that these areas seriously
decreased and are marginalized in the present landscape. While water and wetland areas
occupied nearly one-third of the study area at the end of the 18" century, the present share of
these areas is only 3.5%. There was a decrease of approximately 10% in each period, and
nearly all of these areas disappeared by the end of the 19" century. This development
corresponds with the situation in the Czech Republic as whole (Pavelkova et al., 2014; Bicik et
al. 2010) as well as in the other European countries (Van Eetevelde and Antrop, 2009; Mallinis
et al., 2011).

On the other hand, the length of the streams decreased during the 19™ century with minimum
on the maps of the Third Military Mapping, but it increased in the 20" century. The present
length of the streams was higher than was measured on the maps of the First Military Mapping.
Alternatively, Lipsky and Kukla (2009) and Lipsky et al. (2011a) focused on three main water
courses in the same area (Doubrava, Klejnarka, Brslenka) and concluded that their length
decreased during the 19" century and remained nearly unchanged in the 20"century.
The length of regular streams decreased by nearly 25% (Lipsky et al., 2012). Our investigation
is biased by artificially constructed water channels that were created mainly in the second half of
the 20" century for irrigation or drainage of the fields. These channels are registered on
the water management map as streams, although more than one-third of them are only periodic
or episodic (Lipsky et al., 2012).

The results confirm that intensification of agriculture seriously influenced all components of
the water regime in the area. Development in riverine landscapes with accompanying liquidation
of water areas, wetlands, forests and grasslands, and their replacement by arable land is very
negative in terms of flood protection, water retention and its accumulation in the landscape and
also environmental stability (Lipsky et al., 2011b). This intensification began in fertile lowlands at
the end of the 18" century in connection with the abolition of serfdom and vassalage,
an increase in population size and industrialization. New technologies and crops, e.g., sugar
beet, enabled the cultivation of wetlands; therefore, most wetland and water areas were
changed to arable land by the end of the 19" century. Streams were remodeled to drain
the area, and their total lengths were shortened (Skalo$ et al., 2012b; Jepsen et al., 2015;
Santrigkova et al., 2015; Stengl, 1992; Frongk, 2009).

Intensification and industrialization of agriculture continued throughout the 20" century,
especially in the second half through socialist collectivization. Large collective open fields were
created, heavy machinery was used, and small landscape elements (e.g., wet meadows around
springs, solitary trees or small tree groups) were destroyed (Greslova KuSkova, 2013; Jepsen et
al., 2015). On the other hand, fields less accessible to mechanization were abandoned and
reforested (Janac et al., 2010). Additionally, some former water areas and alluvial forests were
changed to intensively managed forest plantations. Intensification of the agriculture and forest
production was connected to drainage of the landscape; one-fifth of the model area was
drained. Streams were remodeled and straightened, and drainage channels were built. On
the other hand, the landscape began to suffer from drought and wind erosion, and fields had to
be irrigated (Lipsky et al., 2012; Skalo$ et al., 2012b). The knowledge of water and wetland
dynamics in the past is essential for responsible and successful landscape planning
(Santr@ickova et al., 2013; Lipsky et al., 2013). The responsible management is an important
contribution to solution present-day problems (drought and floods).
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Use of old maps and current source data

Old military maps are very useful for multi-temporal landscape analyses. They represent
a unique primary historical source of information about the character of lost landscape
structures. Thanks to the timeline of military maps and their medium-scale sizes, the maps
recorded trends in cultural landscape development during a period of 250 years and over
alarge area (more than 100 km?) (Skalo$ et al., 2011). Moreover, when combined with written
archival sources and stable cadaster maps and reports, it was possible to identify wetlands and
their quality as well. However, the delineation of boundaries between landscape patches is
often a subjective matter (Brina and Krfovakova, 2006) as a result of the rather unclear borders
between individual landscape elements, especially in the First Military Maps.

The low geodetic accuracy of the First Military Maps was caused by the absence of a consistent
triangulation system (Paldus, 1919). Therefore, there were inaccuracies in the interpretation of
the location of landscape elements, which caused shifts in their position. Hence, we did not
illustrate changes of waters and wetland habitats from 1780 by overlaying the land use data
from 1840 as also Skalos et al. (2012a). We presented only data about the area coverage and
loss from the period of the First Military Mapping.

Compared to the First Military Maps, the Second and Third Military Maps were based on
triangulation; therefore, the planimetric data of both maps was more reliable (Skalo$ et al.,
2011). Although old maps have some disadvantages, they became very good sources of
historical information in various scientific branches (e.g. geography, landscape ecology,
landscape planning, botany) (Sadlo and Karlik, 2002; Petrzovski and Mészaros, 2010; Skalos et
al., 2011; Skalos et al., 2012a).

On the other hand, current source data are compared to the military maps and thus, more
precise and detailed. Final layers of streams, still waters and wetlands on the base of old maps
were more generalized, while natural habitat mapping data were very accurate because of large
scale of mapping. Interpretation of such different source maps requires special attention when
studying changes in landscape dynamics; therefore, the results of our study should not be
considered as absolute values. Nevertheless, analysis of long-term changes of waters and
wetlands on the basis of old military maps can contribute to a better understanding
the dynamics and processes that have formed present landscape structure and states of waters
and wetlands over the past 250 years (Santric¢kova et al., 2015).

5. Conclusion

The main story of the typical lowland landscape describes the drainage and decrease in water
and wetlands areas caused by the increase in agricultural land area and the intensification of
agriculture practices (Bastian et al., 2006; Julian et al., 2015; Pavelkova et al. 2014). Water and
wetland areas in the fertile lowlands in the Czech Republic decreased dramatically over the last
250 years. The landscape was continuously dried out with the aim of increasing agricultural and
woody production; therefore, the current landscape is more at risk of drought than it was at
the end of the 18" century. Whereas water surfaces, and alluvial forests and alder and willow
carrs reached their minimum sizes at the end of the 19" century, and then their area was stable
or slightly increased, wet meadows decreased continuously throughout the entire researched
period. Water and wetland areas were changed primary to arable land. During the 20" century,
still waters, and alluvial forests and alder and willow carrs were also converted to forest lands
(i.e., forest plantations), while wet meadows were changed to alluvial forests and alder and
willow carrs.

The length of streams decreased by the end of the 19" century. Many drainage and irrigation
channels were built during the 20" century, and although they were only periodic or episodic
streams, the channels increased the total length of streams during this time.

The paper summarizes the water and wetland dynamics in the fertile lowlands on the case study
of Novodvorsko and ZehuSicko (Central Bohemia). The results are important for responsible
water management and landscape planning to prevent the risk of drought.
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