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Abstract Many studies have recently been devoted to the
study of landscape change, and some have even focused on
an analysis of the dynamics of forest cover change. How-
ever, few of the studies have worked on a methodology for
making a detailed investigation of long-term forest change
dynamics based on historic cartographic sources. The goal
of this study is to further develop a method for analyzing
long-term changes in forest cover on the basis of old maps
and orthophoto maps in the GIS environment. The study
area is located in Central Bohemia, to the east of Kutna
Hora, a UNESCO World Heritage Site. The area consists
of 21 cadastral units with a total area of 113 km?® The
maps of the First (1780), Second (1851) and Third Military
Surveys (1877) and the present-day orthophotomap (2007)
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of the Czech Republic were used as data resources. Source
data have been processed in GIS. Forest cover is the subject
of our study. However, the term is perceived from a
broader perspective. What we call forest cover in our study
refers to forest wood elements and other wood species in
the landscape. In this study, forest cover has been struc-
turally considered as a whole, without dividing it into the
two categories mentioned. We counted the extent of the
forest cover in each particular time horizon in hectares and
as a percentage of the area under study, also the absolute
changes in forest cover between the individual time hori-
zons in hectares as well as the intensity of the changes in
forest cover in hectares per year. The spatial changes in
forest cover were evaluated in a GIS environment using
specialized features to analyze spatial variation. The forest
cover occupied 16.60% (1,880 ha) of the total area in the
First Military Survey (1780). In 2007, the proportion was
slightly higher at 16.64% (1,884 ha). More than half of all
forest land (53%) from the time of the Second Military
Survey (1851) survived until 2007. Not only the informa-
tion on absolute changes but also the information on the
rate of change is of great importance. The old Military
Survey maps and the orthophotomap enable us to carry out
studies of long-term changes in forest cover. However, the
geodetic inaccuracy of the First Military Survey maps
precludes reliable and exact quantification of the landscape
changes between the First Military Survey and the Second
Military Survey, and also between the First Military Survey
and present-day (orthophoto map). These maps cannot be
used for evaluating forest cover changes on the level of
individual plots. The method presented in our paper may
contribute to a better understanding of the long-term
dynamics of forest land, covering a period of more than
250 years. This knowledge can be applied in forest man-
agement planning procedures. Apart from their application
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in forestry, the methods presented in this study may be of
interest for historians and biologists.

Keywords Forest cover change - Old maps -
Orthophoto map - Czech Republic

Introduction

Forest cover has undergone radical changes in most Euro-
pean countries (Berg et al. 2008; Hultberg 2008; Ericsson
et al. 2005; Ohlson and Tryterud 1999; Bollschweiler et al.
2008). The area of forest land in the Czech lands was on a low
level at the end of the eighteenth century (Lipsky 1998). This
led to a reform of the forestry law, and to the establishment of
a requirement for afforestation (Svoboda 1952). In the
nineteenth century, “massive” deployment of spruce
monocultures began and deciduous woods retreated (Lipsky
2000). More trees were planted along existing roads and also
along newly constructed roads (gtépzin 2001). The period
after 1950 was characterized by fundamental, permanent and
dramatic changes in the Czech countryside. An important
factor that influenced the character of the landscape in the
border areas of the Czech Republic was the post-war
expulsion of the German community. This resulted in
increased natural succession of the vegetation, with a gradual
return to forest communities (Lipsky 2000). High levels of
industrial emissions were an ecological disaster for forest
ecosystems and have had a significant impact on the quality
of the forests (Low and Michal 2003). Increasing develop-
ment of modern methods and practices in forestry, especially
in the last 20 years, has placed increasing emphasis on
environment-friendly forest management methods. The
trend toward increasing the forest area has been maintained
until the present time (Poleno and Vacek 2007).
Information about the history of a forest and its man-
agement is crucial for an understanding of its past, present
and potential future characteristics (Biirgi and Schuler
2003). Studies of forest and landscape changes require
relevant map sources. Comparative cartographic sources are
considered very important source materials for studies of
landscape changes also in the Czech Republic (Semotanova
2002). Monitoring changes in the development of landscape
on the basis of data obtained from old maps is a widely used
method, not only in the Czech Republic but also in other
European countries (Breuste et al. 2009). In Switzerland, for
example, the first topographic maps were established in the
1870s. Since then they have been issued every 10-20 years
and every 6-8 years since the 1940s (Schneeberger et al.
2007). Hersperger and Biirgi (2009) used old topographic
maps to make a comparison of landscape elements in dif-
ferent periods. In Estonia, old maps have been used for
studying the landscape history of calcareous grassland. The
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oldest maps, on a scale of 1:5,000, were from 1705 (Partel
et al. 1999). However, long-term studies on landscape
changes are not necessarily always based on graphical
sources. Statistical data can provide suitable information,
e.g., data on artificial forest regeneration practices (Biirgi
and Schuler 2003). In countries where detailed old maps are
not available, various scenarios can be produced for mod-
eling the landscape structure or land cover characteristics
from history (e.g., the pre-colonial landscape in Northern
America) (Scheller et al. 2008; Stoltman et al. 2007;
Mladenoff 2004; Williams 2003). Even if close cooperation
between landscape ecologists and historians is still rare
(Biirgi and Russell 2001), some multidisciplinary approa-
ches are now being started up. Ecosystem responses to land
change are complex and interactive (Grimm et al. 2008).
The most important driving forces for shaping landscape are
economic and political. However, natural and spatial driv-
ing forces are not necessary important for agricultural
intensification (Hersperger and Biirgi 2009).

The choice of which old maps to use for these evaluations
depends on the date when they were drawn, their scale and
the purpose of the study. Cadastral maps are reliable and
detailed, and can be used for evaluating the landscape
microstructure. Old medium-scale maps enable an evalua-
tion of landscape changes over larger areas. The application
of old medium-scale maps for observing landscape changes
has been discussed by numerous authors (Vuorela et al.
2002; Pirtel et al. 1999; Walz 2002; Cajthaml and Krejéi
2008; Zimova et al. 2006; Eremiasova et al. 2007; BoltiZiar
et al. 2008; Bruna and Kiovakova 2006; Skokanova and
Havlicek 2009). In the Czech Republic, the maps of the First,
Second and Third Military Surveys represent the category of
old medium-scale maps. The maps of the Military Surveys
provide support for an investigation of changes in forest
cover in the study area over a period of more than 250 years.
With increasingly intensive landscape changes in the Czech
Republic (Sklenicka and Sélek 2008), the military surveys
provide a unique primary historical source that illustrates the
dynamics of the changes in forest cover. These are medium-
scale maps, and they are suitable for studies of larger areas.
The use of maps together with GIS methods has been con-
siderably broadened by digitization and by the general
availability of these maps in electronic form. Numerous
authors have written about ways of using these maps in the
Czech Republic (Lipsky 2002; Sadlo and Karlik 2002;
Uhlitova 2002; Lipsky 2000; Demek et al. 2007). Brina et al.
have done detailed work with military maps and with elab-
orating them in GIS (Brtuna and Uhlifova 2000; Brtina et al.
2002). While there is a tradition going back about 30 years of
ecological interpretation of old map sources, and the method
has become relatively accessible, little work has been done
on interpreting the written parts of the maps (Brina and
Kiovakova 2005).
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Unlike the Second and Third Military Survey maps, the
First Military Survey maps were not created using present-
day standard geodetic methods. For most of the area that
they cover, they have not been fully elaborated in GIS.
Consequently, there is a lack of information that would
enable us to evaluate the possibilities of using the old
military maps for analyzing forest changes in the GIS
environment over a period of almost 250 years. The main
aims of our study are therefore to analyze and to assess
long-term changes in forest cover. Another underlying goal
of the study is to further develop a method for making a
detailed analysis of forest cover changes based on old
Military Survey maps and orthophoto mapping (orthophoto
maps) through the use of GIS.

Study area
Localization and natural settings of the study site

The study was carried out as a case study in an area located in
Central Bohemia, to the east of Kutna Hora (Kuttenberg), a
UNESCO World Heritage Site (Fig. 1). The model area is
situated in the lowlands. It is an intensively utilized agri-
cultural landscape, formed by large-scale collective open
fields with small patches of woodland and rural settlements.
Although the area has been used for agricultural production
since Neolithic times, a number of historical landscape
structures from the fifteenth to nineteenth centuries, e.g.,
some relicts of the former landscape design, are among the
characteristic landscape features that increase its cultural,

aesthetic and natural values (Lipsky et al. 2008). The area
consists of 21 cadastral units, with a total area of 113 km®.
From the geological point of view, Quaternary fluvial
deposits (clay, sand, gravel) cover most of the area; loess,
loess loam and Aeolian sand are also found. With the
exception of the Zelezné Hory Mountains (Iron Mts.), the
area is flat, predominantly at an elevation of 200-230 m.
Fluvial soils—bottomlands and gley bottomlands—are
prevalent in the wide bottomlands along the streams, and
cover a significant part of the area. In the southern and
southwestern parts, and also at the foot of the Zelezné Hory
Mountains, there are black soils (Chernozems). Brown soils
(Luvisols to Cambisols) and slightly gleyed brown soils
mainly occur in the southern part of the area. Loess, loess
loam or mixed soils on the slopes are the most frequent soil
substrates. In the area of the Zelezné Hory Mountains, on the
mountain slopes, and also in the area of the Facinsky Hrbet
range, cambisol is the main soil type (Novak et al. 1992).
According to Quitt (1971), the area under study can be
classified as a “warm area”. Intensively exploited agricul-
tural, mostly arable, land is prevalent. Large orchards, pre-
dominantly of apples and cherries, can nowadays be found
on the hillsides of the Zelezné Hory Mountains. Forests
cover less than 20% of the area and have been preserved on
less fertile Aeolian sands in a part of the Zelezné Hory.

Cultural settings
Czech society changed dramatically in the course of the

nineteenth century. The industrial revolution started at the
end of the eighteenth century, and it led to population

Fig. 1 Location of the Nové
Dvory—Kacina study area
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growth and to dramatically increased urbanization (Bélina
et al. 2006). The study area is a rural region that was
influenced by these changes. New railway and modern road
transport corridors were built (Novak 2001). Agriculture
had to face up to these changes, which led to the use of new
technologies and the spread of arable land (Lipsky 2000).
The landscape just before these changes is shown in the
First Military Survey maps. There are forests on the slopes
and in the wetlands that could not be cultivated using the
technologies of that period. Hunting areas and pheasantries
were also large forested areas. During the first half of the
nineteenth century, almost all ponds and wetlands were
dried out, and the forests and the shrubby vegetation
around them were cut down. In the same period of time,
many landscape parks were being built in the Czech lands
and also within the study area (Kacina—Nové Dvory area,
Zehusice area) (Novdk 2001; Horky 1967). The country-
side after the changes caused by industrialization and
intensification is clearly shown in the Third Military Sur-
vey maps. The ponds and wetlands have been dried out,
and the shrubby vegetation around them has been changed
to arable land. The forests on the slopes have also mostly
been cut down, and they have been replaced by orchards
and fields. Large forests were the only designed landscape
areas (Lipsky 1998; Novak 2001). However, we should
bear in mind that the microstructure of the landscape was
completely different, and the fields were divided by strips
of shrubs and grass that cannot be seen and measured in the
Military maps (Petek and Urbanc 2004). The structure of
the landscape that we can study using the Third Military
Survey maps changed dramatically in the 1950s. Collec-
tivization and industrialization of agriculture changed the
landscape structure into collective open fields (Lipsky
1998; Cuhra et al. 2006). Shrubby strips and grass strips
disappeared. The tree vegetation lining streams, roads and
paths was cut down. However, heavy machinery could not
be used on steep slopes, so these slopes were reforested.
Landscape parks mostly became nature reservations, and
they received little care, so that the forest spread out over
former meadows and small fields. In this way, the affor-
ested area increased until it was similar to the amount of
forested area in the First Military Survey maps. However,
the structure of the forests has changed completely.

Materials and methods
Source materials and data processing

Old maps

The scale of the first Military Survey maps is approxi-
mately 1:28,800. The survey of the territory of the Czech
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lands was carried out within a period of just 20 years, from
1763 to 1783. The maps were made without any exact
surveying or cartographic methods. Historical surveyors
used the 1723 map of Bohemia by Miiller on a scale of
1:132,000 to display important points, which were trans-
formed to a scale of 1:28,800. Then they created a new map
using the d la vie method—the surveyors simply observed
the terrain and estimated the distances (Kuchat 1967). The
survey was not based on a network of precisely defined
triangulation points (Fig. 2).

The Second Military Survey of the Czech lands was
made in the period between 1842 and 1852. The scale of
the maps is 1:28,800. Unlike the First Survey, the Second
Survey was based on a triangulation network, and used the
maps of the Stable Cadastre on a scale of 1:2,880. The
Second Survey is therefore of much higher accuracy. In
fact, the content of the map sheets is identical with the
previous set, but with the addition of triangulation points
for elevation.

The Third Military Survey was carried out between
1869 and 1887. The maps of the Czech lands were created
between 1874 and 1880. The basic map sheets are on a
scale of 1:25,000. The collection of original basic map
sheets is not complete. The content of the maps is more
precise, mainly in the depiction of the relief (the contour
lines are at intervals of 20 m) and in the depiction of roads.
The maps of the Third Military Survey formed the basis for
the creation of various maps that were in use until the
1950s.

The raster maps of the First Military Survey and the
Second Military Survey were obtained by scanning color
copies of them acquired from the Vienna Military Archive,
on a scale of 1:1. The maps of the Third Military Survey
were scanned directly from the originals on the premises of
the Map Collection of Charles University in Prague. All the
original maps, or copies, were scanned with density
400 dpi (dots per inch). All the raster maps were geore-
ferenced using so-called ground control points that can be
recognized on both the historical map and the present-day
map and that supposedly cannot change their position over
a long period of time, e.g., stream junctions, road inter-
sections, churches and other sacred objects. The S-JTSK
coordinate system has been used as a basis for georefer-
encing. The Military Survey maps were georeferenced with
the help of ArcGIS 9.2 software, and we used the affinity
type of georeferencing, which minimizes the distortion of
angles and lengths. We achieved exceptionally good
results. The polynomial order was chosen as the specific
mathematical algorithm for the georeferencing of the
Military Survey maps. The same method was applied for
all three maps, i.e., the First, Second, and the Third Mili-
tary Survey maps. Rubber sheeting is adopted for the
geographic transformation.
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Fig. 2 Forest cover on the First
Military Survey map of 1780

To analyze historic changes in the forest cover, we
visually interpreted the forest cover area on the First,
Second, and the Third Military Survey maps. The inter-
preted information in combination with written data and
other archive sources provides a picture of the historical
landscape and its utilization by human society. Written
data and other archive sources refer to the text information
related to forest area changes or forest management history
involved in the broad spectra of references, e.g., journals,
textbooks, and archive sources. Digitising is the most fre-
quently used way of transforming spatial data from anal-
ogous maps to GIS. In our work, we used on-screen
digitization, known as vectorizing, with the help of ArcGIS
9.2 software. We picked up polygons of forest land objects
over the raster maps. In addition, GIS software is able to
calculate the areas of these map objects, which provide the
fundamental data for monitoring forest cover changes in
landscape.

Orthophoto map

The present orthophoto map of 2004-2006 (CENIA 2009)
is in the S-JTSK coordinate system. It presents a picture
compounded of orthogonalized aerial survey photographs
(ASP), and its accuracy and cartographic projection meet all
the requirements for such a scale (Prochazkova 2007). The
orthophotomap is seamless, with color correction, and is

made on a scale of 1:5,000 (éfma 2008). The method, in
which positional data has been obtained from the ortho-
photo map, is the same as the method used with the old
military maps. For the orthophoto map with resolution of
0.5 m, the average variation of the geodetically measured
check points from the identical points on the orthophotomap
is vy = 0.36 m, v, = 0.33 m. The identified lengths of the
error vectors are not as large as a basic orthophotomap
pixel. The interpretation and vectorization of the ortho-
photomap were executed in the GIS environment according
to a set legend, on an operating scale of 1:10,000 with final
generalization to a scale of 1:25,000. The scale of the
vectorization itself was, however, of a higher order
(1:2,000). ArcInfo 9.2 software, produced by ESRI, was
used for processing, vectorizing, and analyzing the data.
Although the original orthophoto maps date back to
2004-2006, the information on forest cover was verified in
the field in 2007. Then, in the following work, forest cover
data derived from the orthophoto is dated to 2007.

Forest cover classification scale, monitored
characteristics

Forest cover is the subject of our study. However, the term
is perceived from a broader perspective. What we call
forest cover in our study refers to the following types of
segments:
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e Forest wood elements, i.e., patch landscape elements
covered mostly by trees that form part of the admin-
istrative forest land.

e Other wood species in the landscape, i.e., patch
landscape elements covered mostly by trees scattered
in the open landscape or lining water courses or roads,
and that are not part of the official category of forest
land.

However, in this study, forest has been structurally
considered as a whole, without dividing it into the two
categories mentioned above. The main reason for this is
that the current definition of forest land is governed largely
administratively and by property criteria. Thus, the distri-
bution of vegetation on forest land and other wood species
in the landscape does not always take into account func-
tional considerations. The underlying objective of our
study is to analyze the change dynamics of all types of
forest cover, so the forests are considered as a whole. Tree
alleys are not the subject of our study.

The changes in forest cover in the area under study were
monitored by quantifying and analyzing the following
quantitative characteristics:

e The extent of the forest cover in each particular time
horizon, in hectares and as a percentage of the area
under study.

e Absolute changes in forest cover between the individ-
ual time horizons (in hectares).

e The intensity of the changes in forest cover (in hectares
per year). This characteristic provides information on
the area in hectares of the forest cover that has
increased or decreased per 1 year in the course of the
study period. This also refers to the rate of forest cover
change. I = AP/AN, where I = intensity of changes in
forest cover, P = difference in the forest cover area
between two neighboring time horizons, AN = number
of years between two neighboring time horizons.

The spatial changes in forest cover were evaluated in a
GIS environment using specialized features to analyze
spatial variation (e.g., the CLIP function in the ArcGIS
program). By overlapping the present and historic thematic
layers, we can locate and quantify plots that are identical
for both time horizons. In the case of forest cover, elements
that have remained in the same location form the so-called
time-constant landscape structure. This process enables the
user to identify forests and other land cover types that have
remained unchanged throughout the period of the study.

Tools utilized in the study

Several different tools have been utilized in the study. For
the time-space analyses, we used ArcGIS tools, e.g.,
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ArcView 9.2., with the CLIP function. As this function
allows us to overlap forest cover layers from different time
horizons, we can make analyses of time—space changes in
the forest cover. Then we can answer research questions
such as “What parts of the historic forest cover did not
change location between 1780 and 2007?” In addition, the
basic Microsoft Office tool was utilized to process the
fundamental text or data procedures, e.g., Word and Excel.

Results
Changes in forest cover

In comparison with the historical situation shown in the
First Military Survey of 1780 (Fig. 2), present-day forests
cover a slightly larger proportion of the study area. The
forest cover occupied 16.60% (1,880 ha) of the total area in
the First Military Survey (1780). In 2007, the proportion
was slightly higher at 16.64% (1,884 ha) (Figs. 3, 4).

In the First Military Survey map of 1780, some of the
stands were concentrated in several small woodlots, while
the remaining forests were concentrated in compact, larger
forest plots. According to the 1851 map, the forest cover
had increased by 1.4% between 1780 and 1851 from 16.60
to 17.98% (by 156 ha) of the total study area (Figs. 3, 4).
The Second Military Survey map (1851) clearly identifies
sites where there are new tree stands (Fig. 3). The Third
Military Survey map (1877) shows that the acreage of
forest cover dropped significantly between 1851 and 1877,
by some 5.9% (663 ha) from 17.98 to 12.13% (Fig. 4). A
decline in forest cover was recorded mainly in sites in the
eastern part of the area (Fig. 3). The orthophoto map of
2007 records a 4.5% increase in forests (from 12.13 to
16.64%, by 512 ha), i.e., a return to the level in the eigh-
teenth century (Fig. 4).

There has been only a minimal overall change in the
area of forest cover over the entire study period. Never-
theless, the changes in forest cover between the different
time horizons were quite dynamic. The trends in absolute
changes in forest cover in hectares (Fig. 5) are identical
with the trends in forest change intensity in hectares per
year (Fig. 6).

The area of forest cover grew between the First Military
Survey and the Second Military Survey, and also between
the Third Military Survey and the present time, and the
overall balance between 1780 and 2007 also grew; how-
ever, the largest increase in forest cover took place between
1877 and 2007 (Fig. 5). This period is also the time during
which the most intensive extension of the forest area took
place, by 4 ha per year, as compared to 2.2 ha per year
between 1780 and 1851, and 0.02 ha per year between
1780 and 2007 (Fig. 6). The biggest absolute decrease in
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forest cover took place between 1851 and 1877, by 663 ha
(Fig. 5). During this period, the decline in forest cover area
was also very intensive (26 ha per year) (Fig. 6).

Spatial changes in forest cover

More than half of all forest land (53%) from the time of the
Second Military Survey (1851) survived until 2007. Within

the period 1855-1877, only 47% of the wood stands shown
in the Second Military Survey maps survived until the
Third Military Survey (Figs. 7, 8). Figure 7 presents spatial
changes in forest cover within the entire territory, with the
forest cover in specific years (1851, 1877, 2007) marked
with different types of hatching. Figure 8 provides the
same type of information, but it gives more detailed
information about the forest cover change in the area near
Kacdina Castle. Places where all the three types of hatching
overlap indicate forest cover that remained unchanged on
the site. These are the forest stands around Kacina castle
and also some rather large forest areas on the steep slopes
of the Zelezné Hory Mountains. Locations marked only in
black indicate areas that were afforested only in 1851, but
were then cleared of forest. These locations are found in
the central and eastern part of the territory. New forest
planted in the study landscape is marked by hatching with
the lines going from left to right.

Discussion
Remarks on the development of forest cover
The study area has been an agricultural landscape since

Neolithic times, with a growing tendency in the course of
the monitored period for arable land to be the dominant
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Fig. 8 Forest cover that
survived from the Second
Military Survey until 2007
(detailed view on the central
part of the study area)
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type of land use (Novak 2001; Skalos et al. 2011). Forestry
has had a secondary role in the area, though there have
been important game reserves and, in some cases, forest
management has made an important contribution to the
public budget (Nozicka 1961). Landscapes in the second
half of the eighteenth century were characterized by small
forest patches, woods or solitary trees and pastures or
meadows with numerous scattered shrubberies (Lipsky
et al. 2008; Lipsky 2002; Nozicka 1961). At the time of the
First Military Survey (1780), forest occupied almost
16.60% of the study area, which is the smallest area of
forest coverage within the studied time span (1780-2007).
This low level of forest coverage in 1780 is in accordance
with the lowest forest coverage in Bohemia quoted by
Nozicka (1957). In comparison with the situation at the
present time, based on visual observation of the original
First Military Survey map, in 1780 significantly more trees
grew along the rivers and in the alluvial plains, where there
was a system of ponds at that time. However, this fact is
not taken into account in the GIS analysis, since only patch
elements have been considered and no linear elements
(e.g., tree alleys) are analyzed.

A similar situation can be observed in the maps of the
Second Military Survey (1851). The total forest cover had
increased by almost 1.4% as a result of the conversion of
hunting areas and pheasantries to landscape parks with
forested areas (Novak 2001; Horky 1967). The tree cover
persisted and the area of tree cover had continued to grow,
also along the river banks. By the second half of the
nineteenth century, the system of ponds had mostly dis-
appeared, which may be one of the reasons underlying
the decrease in forest cover. In that period, small woodlots
still persisted on the permanent grasslands, together with

scattered vegetation of various types. At this time, there
were abundant but fragmented forests in the study area.
The increase in the area of forest land may reflect the
forestry reforms, especially the new forestry law for
Bohemia and Moravia in 1754, for Silesia in 1756, and for
Slovakia in 1769. In the nineteenth century, “massive”
deployment of spruce monocultures began and deciduous
woods retreated in Bohemia (Lipsky 2000; Svoboda 1952).

The Third Military Survey (1877) revealed major
changes in forest cover. The forest areas in our study area
had decreased by almost 6% (Fig. 2). The biggest decrease
was due to the transformation of smaller woodlands on
arable land (Novak 2001). In the second half of the nine-
teenth century and in the first half of the twentieth century,
the Czech landscape was strongly deforested due to the
development of intensive agricultural production (Bicik
et al. 1996; Novak 2001). Advanced technologies made it
possible to drain wet meadows and to cultivate previously
unusable lands (Lipsky 2000; Sklenicka et al. 2009). The
proportion of forest cover in the study area grew in the
second half of the nineteenth century. Small amounts of
wood species elements returned to the Czech landscape,
because crop fields were consolidated into large units
suitable for heavy machinery, and ancient terraces, balks
and fosses disappeared. However, places where heavy
machinery could not be utilized, e.g., river banks, were left
to natural development and were spontaneously overgrown
by forest cover (Lipsky 2000; Sadlo et al. 2005). In 2007,
forests again occupied almost 17% of the study area, as
they had at the end of the eighteenth century. The present-
day forest coverage in the study areas is significantly below
the national average of 33.5% (Statistics, Czech Republic
2010).
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The basic trends, i.e., the lowest area of forest cover in
1780 and the increase in forest area between 1877 and 2007
comply with the overall forest cover changes in the Czech
Republic (Bicik et al. 2001; Bicik 2004; Lipsky et al. 2008;
Skalo§ 2007; Skokanova and Havlicek 2009, Statistics,
Czech Republic 2010). The only difference is observed in
the period between 1851 and 1877, during which the area
of forest land decreased. There was no such trend in
Bohemia as a whole (Nozicka 1957).

Typology of forest stands

In many studies, forest cover is structurally divided into
three main subcategories according to its specific dynamics
(Fischer and Harris 1999; Skalos and Engstova 2010): (1)
forest land, (2) non-forest wood species scattered in the
landscape, (3) non-forest wood species accompanying
greenery (linear character, lining waterways, roads, etc.).
When evaluating changes in these stands, it is necessary
to take into account the dynamics of all types of forest
cover. However, in this study, the category of forest cover is
tracked as a whole, as not all categories can be satisfactorily
identified in the source maps, particularly due to the dif-
ferences between the old military maps and the orthophoto
map. Another pitfall is that while the present investigation
may well identify the official category of forest land
(“PUPFL” in Czech, land designated for forestry), the same
approach and the same specific criteria cannot be used for
identifying forest land in the earlier maps. The main reason
is that when describing the historical forest conditions we
are not able to apply and validate the criteria for the defi-
nition of forest land, because only a limited amount of
information is available. For this reason, an analysis of
changes in line forest cover based on the use of old maps
and orthophoto maps is suitable for describing only the
relative length of the characteristic elements of greenery.

Forest continuity

By overlapping forest layers from different time horizons,
an analysis of the time—space changes in forest cover may
provide data that enable us analyze so-called forest conti-
nuity. In this study, forest continuity refers to the ability of
a forest stand to persist in time. The rate of such persistence
can be analyzed by the occurrence of forestation on old
maps and on the orthophotomap in different time horizons.
In this study, the term “forest continuity” is closest to the
term “stand continuity”, used by Sklenicka and Charvat-
ova (2003). In this concept, stand continuity is indicated as
a relatively constant spatio-temporal factor in habitat
quality. Unlike other studies, we do not refer to the con-
tinuity of particular tree species on the basis of a pollen
analysis (Hultberg 2008; Ohlson and Tryterud 1999).
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Forest stand continuity has been viewed from many
different standpoints by other authors. For example, Kolb
and Diekmann (2004) see forest continuity as habitat
continuity for the distribution of herbaceous forest plant
species in a fragmented landscape, based on redundancy
analysis with variation. Fritz et al. (2008) studied the
effects of forest continuity on a local scale in the frame-
work of the investigation of red-listed and indicator species
of epiphytic lichens and bryophytes in southern Sweden.
Groven et al. (2002) focused on a historical reconstructions
of past forest dynamics, and stand structures were used to
establish reference conditions for managing present forest
ecosystems. Groven et al. (2002) combined a suite of stand
reconstruction techniques to describe past stand charac-
teristics and also applied these stand histories in an eval-
uation of the relationship between wood-decay fungi and
forest continuity.

Based on our study, some 53% of the forest stands
marked in the First Military Survey remained until 2007.
This information should be viewed critically, due to the
differences in character between the two Military Survey
maps and the present-day orthophoto map. The map of the
Second Military Survey does not show some types of
information that can be identified in the orthophoto map,
e.g., small streams. There is also some undesirable distor-
tion of the results. The real proportion of wood vegetation
in the maps of the Second Military Survey must have been
higher (e.g., the vegetation along small streams cannot be
distinguished). The rate of surviving wood elements and
forest plots in 2007 should therefore probably also be
higher. The data based on a comparison of the Second and
the Third Military Survey maps is more accurate, because
the map sources that are being compared are more similar
to each other. The forest cover layer from 1780 has not
been used in the spatial analysis, as this information was
elaborated on the basis of the geodetically inaccurate First
Military Survey map. Little more than half of the forest
cover from the Second Military Survey maps has persisted
until the present time. This means that the overall absolute
forest continuity is rather low. However, we have taken
into account several features of the study that seriously
affect what we refer to here as forest continuity. One of
the features is the use of old military survey maps and the
orthophotomap, with their specific content. We use the
medium scale on which the old military maps were made.
Although we use quite a wide spectrum of source data,
there remain some time “gaps” in the study. This is due to
the fact that we have source data strictly referring only to
the horizons covered by the old maps and the ortho-
photomap. Thus, to indicate the forest change between the
studied horizons, we are strictly limited to the absolute
change between the two horizons. We have not made any
attempt to learn about the real and exact changes that may
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have taken place within the studied time horizons
(1780-1851, 1851-1877, 1877-2007).

It should be emphasized that the total surface areas of
forest in our study area are now the same as at the end of
the eighteenth century, but there have been considerable
changes, mainly in the structure and distribution of forest
plots and patches. We can identify stable forest plots that
have changed in size but have never ceased to exist. There
are two large stable forest areas on the slopes of the
Zelezné Hory Mts. and another along the river. Both
environments were unsuitable for agricultural machinery in
the nineteenth century. The mountain forests were unsuit-
able because of the steepness of the terrain and the river-
side due to waterlogging. They were therefore allowed to
remain covered by forests. Other stable forest plots are set
aside as game reserves or for pheasants. There is a major
area of forest vegetation on the slopes of the Zelezné Hory
Mts. This area was deforested in the first half of the
nineteenth century, and fruit trees were planted there
(Novak 2001).

Remarks on the use of a variety of data sources

The First Military Survey maps are less accurate than the
maps of the Second Military Survey and the Third Military
Survey (Cajthaml and Krejc¢i 2008). The inadequacies are
due to the delineation technique that was selected, from a
small scale into a larger scale, and not vice versa, and due
to the absence of a consistent triangulation network (Paldus
1919). The planimetric content of the map sections of the
Second Military Survey is absolutely reliable for the entire
territory of the Czech Lands; it is based on triangulation
(for the Czech lands in the Gustenberg system, for Moravia
in the St. Stephen system). In terms of the planimetric
exactness of the Third Military Survey sketches, some
topographic sections are highly reliable, while others are
less reliable.

However, the maps cannot be used for observing the
landscape microstructure at the level of individual plots;
only topographic-cadastral maps and orthophoto maps
support such studies. This shortcoming can be overcome to
some extent by using other archive sources and statistical
data. From the point of view of how broadly they can be
interpreted, the Military Survey maps are limited most of
all by the fact that they were created for a specific military
purpose, and by the methods used in elaborating them,
which are the methods that were in use at the time when
they were made. When studying old Military Survey maps,
it is typically difficult to identify the boundaries of land
cover categories, and this can lead to inaccuracies in the
evaluation. The landscape display method is in accordance
with the real situation at the time, when there were very
often no sharp boundaries between biotopes. Therefore,

particularly in the First Military Survey, we find forest
stands with no clear boundaries, and so the delimitation of
a specific boundary is often inevitably a subjective matter
(Bruna et al. 2002; Brina and Kfovakova 2006).

The low geodetic accuracy of the maps is another cause
of complications, especially in the First Military Survey.
Inaccuracies in georeferencing of the First Military Survey
maps can lead to inaccurate analysis and misinterpretation
of changes in forest cover. In this survey, it is not possible
to make a precise distinction between arable lands and
other agricultural lands, or to make a full-quality definition
of the studied elements, e.g., forest composition, scattered
green structure grassland characteristics, gardens, etc.
These deficiencies can be compensated, to some extent,
by knowledge of old farming methods and historical
technologies.

The orthophoto map, however, provides highly accurate
documentation of the current land use/land cover of the
area, as it offers a current, non-generalized picture of the
present-day landscape. The legibility and resolution of
orthophoto maps depend on their total color interpretation,
and also on the light conditions and the vegetative period at
the time of scanning. Deep shades, and also low contrast,
restrict identification and make it more difficult to define
the exact boundaries of objects, e.g., forests. The way in
which the land categories are interpreted can influence the
size of the area accorded to a category in the area.

The use of two different sources (old maps and the or-
thophotomap) for studying changes in land cover required
special attention when the compilers were working on
processing and comparing the data. The category of forest
land can serve as a good example. While it is relatively
easy today to delimit the boundaries of forest land, it is
difficult in the Military Survey landscape to identify
growths that would meet the present-day definition of
forest. The individual subcategories, such as forest wood
elements and other wood species in the landscape, have
therefore been associated into an overall category referred
to as forest cover, though this will reduce the accuracy of
the dynamic analysis category.

Implications of the study

Given the important ecological and economic functions of
forests, it is important to monitor long-term changes using
old maps and written sources, as this enables us to monitor
trends and find causes of the current situation from a dif-
ferent time dimension. The method presented in our paper
may contribute to a better understanding of the long-term
dynamics of forest land, covering a period of more than
250 years. This knowledge may then serve as a basis for
understanding the processes that have contributed to the
creation of the present forest land structure. This, in turn,
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can be applied in forest management planning procedures
in order to provide sound forest management in the future.
Our study may also have implications for other spheres of
research and for practical applications. Not only forestry
researchers but also historians and biologists can apply the
methods presented here. Especially methodological out-
comes, such as the use of old military survey maps, can be
applied in historical research. Biological researchers can
also apply some aspects of the methods developed in this
study and adapt them for their own purposes.

A great advantage of our study of forest cover dynamics
lies in the length of the time period under study (from 1780
until 2007). It covers the period from the end of the
eighteenth century until the twenty-first century, a period of
more than 220 years. However, while the first half of the
time period is described on the basis of three time profiles
(the maps of the First, Second and Third Military Survey),
we have no data from the twentieth century, and the last
time point is 2007. This long gap in the time axis might be
considered as a weak point in our study. However, our goal
was to observe long-term changes in forest cover on the
basis of the old military maps and to compare the state of
forests in the eighteenth century and in the nineteenth
century with the present-day situation. It was not our
intention to make a study of twentieth century changes.
There is therefore no reason to criticize this gap in the data.
It would be possible to make a separate detailed study of
landscape changes on the basis of the adequate number of
twentieth century map sources that are available, supple-
mented by a series of orthophoto maps. Topographic maps,
in particular, are direct successors of ancient military
maps and show the landscape from a similar perspective
(Mackovcin 2009).

Conclusions

e The forest cover in the area under study has undergone
dynamic changes. There has been almost no change in
the total area of forest cover between the beginning of
the study period (1780) and the end of the study period
(2007), but some remarkable changes have been
recorded between the individual time horizons, show-
ing the varying dynamics of forest cover very clearly.
Not only the information on absolute changes but also
the information on the rate of change is of great
importance, as the rate of change differs according to
the time horizon.

e The most intensive and most considerable changes in
forest land were recorded in the period between the
Second Military Survey (1851) and the Third Military
Survey (1877). This was the period with the most
significant decrease in forest cover, not only in terms of
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numbers of hectares, but also in terms of the fastest rate
of change. On the other hand, the greatest and most
rapid increase in the area of forest cover was between
1877 and 2007.

There have also been notable changes in the structure
and distribution of forest plots and patches. In the
eighteenth century, there were a few large wood
complexes and also a large number of small woods
dispersed in the open landscape and along the water-
courses and roads. In the twenty-first century, by
contrast, the forest has tended to be consolidated into
larger plots, and the number of smaller forest elements
distributed in the landscape has decreased.

The old Military Survey maps and the orthophotomap
enable us to carry out studies of long-term changes in
forest cover. However, due to the different interpreta-
tion capacity of these maps, the study has not dealt only
with areas that are strictly speaking administratively
official forest lands, but has included all species
elements in wood patches in the landscape. This has
enabled us to observe the complete dynamics of all
wood stands in the landscape, regardless of whether
they are large forest land complexes, scattered wood
vegetation in the open landscape, or trees lining
watercourses or roads.

The geodetic inaccuracy of the First Military Survey
maps precludes reliable and exact quantification of the
landscape changes between the First Military Survey
and the Second Military Survey, and also between the
First Military Survey and present-day (orthophoto
map). This is the main shortcoming of the old military
maps. A further limitation of these maps is the
deteriorated quality of the original graphic documents
and the inaccurate delineation of the landscape ele-
ments. As a result, they cannot be used for evaluating
forest cover changes on the level of individual plots.
The method presented in our paper may contribute to a
better understanding of the long-term dynamics of
forest land, covering a period of more than 250 years.
This knowledge may then serve as a basis for under-
standing the processes that have contributed to the
creation of the present forest land structure. This, in
turn, can be applied in forest management planning
procedures, in order to provide sound forest manage-
ment in the future.

This study may also have implications for other
research and application spheres. Apart from their
application in forestry, the methods presented in this
study may be of interest for historians and biologists.
The methodological outcomes, e.g., the use of old
military survey maps, are also applicable in historical
research. Biological researchers can also apply some
aspects our methods.
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