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1. Introduction

This Atlas of Land Use/Cover Changes in Selected Regions 
in the World represents the results of the NAKI II project 
entitled “Dědictví zaniklých krajin: identifikace, rekonstrukce 
a zpřístupnění” (Heritage of Extinct Landscapes: Identification, 
Reconstruction and Presentation).

The aim of the project is to identify, document, reconstruct 
the heritage of the lands that have disappeared during the 
dynamic changes of society in Czechia since the end of the 18th 
century – in particular:

1) to identify, document, and reconstruct cultural heritage and 
values of different types of landscapes by using both histori-
cal sources and modern technologies; 

2) to present, on the example of extinct landscapes, the diversity 
of cultural landscape heritage and to contribute to creating 
conditions for its systematic conservation, presentation and 
use by professionals, relevant institutions, for example in the 
area of landscape protection or regional development, as well 
as by public.

We would like to present the legacy of the disappeared Czech 
cultural landscape also to the international group of experts. 
That is the reason why this atlas, which is distributed in printed 
and digital versions to a wide range of people interested in the 
topic of land use/cover and its changes, has been elaborated.

The results of an analysis of eight transformed/extinct land-
scapes (model areas) in various parts of Czechia are presented 
in this atlas. Landscape changes are analysed and evaluated in 
the so-called “core area of interest”, where the biggest change 
occurred (mostly 2 or 3 cadastral areas), and in the so-called 
“wider area of interest”, which includes municipalities within 
8 km of the core area. The distribution of core areas within 
Czechia is shown at the Figure 1. All areas were examined 
by using the same methods. Therefore, we will introduce the 
methods of processing individual outputs in the beginning of 
this Chapter.

2. Methods of Map Outputs Creating

Each Chapter contains 13 map outputs. Emphasis is placed on 
outputs that show changes in land use (Figures 3 and 6–9), but 
also outputs characterizing the so-called landscape memory 
(Figures 10–13) are included. The following paragraphs list the 
methods used to create these map outputs. The structure and 
order of the methods described here correspond to the ordering 
of the outputs/results in Chapters 2–9 (results for certain area 

of interest). Each Chapter is introduced by two maps showing 
both the above-mentioned core area of interest (Figure 1) and 
the wider area of interest (Figure 2).

2.1 Landscape and Land Use/Cover Changes 

The section Landscape and Land Use/Cover Changes includes 
four sets of results, in the case of two areas of interest (Krkonoše 
and Boletice) there are five sets of results. These are (1) com-
parative maps of land use at the time of the Stable Cadastre and 
at present, (2) landscape models, (3) comparative photographs, 
(4) cartograms characterizing land use changes between year 
1845 and 2010. For the Boletice and the Krkonoše Mountains 
areas also 3D photorealistic models of extinct buildings/village 
are included (5). Sections 2.1.1–2.1.5 show the data processing 
methods for these four result sets.

2.1.1 Land Use at the Time of the Stable Cadastre and the 
Present
The evaluation of land use changes occurring in the areas of 
interest from the middle of the 19th century (mapping of the 
Stable Cadastre) to the present is based on the set of two maps 
(Figure 3 in all Chapters).

For the first time horizon colour raster copies of the so-called 
imperial mandatory prints of the Stable Cadastre maps were 
used. These are maps from the years 1826–1843. In contrast to 
the so-called original maps of the Stable Cadastre, these maps 
capture the original situation of the landscape without additional 
drawing of later changes (see http://geoportal.cuzk.cz). Raster 
data was georeferenced, and vector map was created in ArcView.

Cadastral maps from the Register of Territorial Identification 
of Addresses and Real Estates (“Registr územní identifikace, adres 
a nemovitostí”; RÚIAN) were used as a basis for creating the 
map of the current situation of the landscape (see https://www.
cuzk.cz/ruian/). Because these maps contained a large number 
of errors in the categories of land use, the data were corrected 
by using the current orthophoto from the State Administration 
of Land Surveying and Cadastre (“Český úřad zeměměřický 
a katastrální”; ČÚZK). The orthophoto was connected to ArcGIS 
via WMS (Web Map Service) server. A simplified legend was 
used for map outputs and evaluation of changes (the current 
cadastre records only basic categories of land use). Changes are 
evaluated numerically in tables and their spatial distribution is 
evident from the comparison of maps for both time horizons.

The map legend includes the categories of arable land, 
permanent grassland (sum of grassland categories), permanent 
crops (gardens and orchards), forest areas, water areas, built-
up areas and remaining areas. In some cases, the abandoned 
land category is also included for the current horizon. This is a 
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land that has not been farmed in recent years/decades and it is 
affected by a spontaneous succession.

2.1.2 Landscape Models 
The aim of the landscape model-making is to present/illustrate 
and assess the state of the landscape of core area, or certain 
detail of the area, in several time horizons using archival and 
contemporary aerial photographs (Figure 4 in all Chapters; in 
Chapters “Boletice” and “Krkonoše” Figure 14 too).

The images were placed in the S-JTSK coordinate system 
using the intersection (collinearity equations) and control points, 
whose coordinates were subtracted from the current orthophoto 
and elevation model available from the web mapping service 
of the State Administration of Land Surveying and Cadastre 
(ČÚZK). The ZABAGED elevation contour model was then 
used for the purpose of depicting the elevation of the area. The 
procedure for processing individual data bases was as follows:

a) Archival Aerial Photos
Aerial survey images were obtained from the archive of the Mili-
tary Geographical and Hydrometeorological Office in Dobruška 
(“Vojenský geografický a hydrometeorologický úřad”; VGHMÚř). 
Black and white images of 23 cm × 23 cm were scanned at resolu-
tion of 15 μm. With the exception of the camera constant shown 
on the frame of the image, the elements of internal orientation 
(i.e. the position of the main frame point and the lens distortion) 
were unknown and were neglected for further processing. Due 
to the interpretative purpose of the use, the resulting geometric 
distortions were acceptable. At least 4 points identifiable in 
both the archival photo and the current orthophoto were found 
in each image to obtain the elements of external orientation. 

Using the collinearity equations, the coordinates of the projec-
tion centre and the inclination of the photos were calculated. 
The images were further orthorectified above the ZABAGED 
elevation contour model. This model was subsequently used for 
3D landscape visualization from 1990. For processing was used 
software PCI Geomatica, ArcMap and ArcScene.

b) Orthophotos from the 1950s
The orthophoto from the 1950s was provided by the Czech 
Environmental Information Agency (“Česká informační agentura 
životního prostředí”; Cenia). This orthophoto was projected on 
ZABAGED elevation contour model for 3D visualization. ArcMap 
and ArcScene software were used for processing.

c) Contemporary Orthophoto
The current orthophoto available via the ČÚZK web mapping 
service is displayed above the ZABAGED elevation contour 
model. ESRI software was used for processing.

2.1.3 Comparative Photographs
Old photographs were collected from archives or private collec-
tors and places in landscape, locations from where these photos 
were taken were identified in the field. From these places the 
actual pictures were taken. The current photos show the state of 
landscape at the present, and also illustrate the change that took 
place in the given place (Figure 5 in all Chapters).

2.1.4 Cartograms Presenting Changes in Land Use
The aim of this analysis is to document long-term changes in 
the area of selected land use/cover categories within the wider 
area of interest. A database of the Land Use Land Cover Czechia 
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Database (LUCC Czechia Database, https://www.lucccz.cz) was 
prepared at the Faculty of Science, Charles University. This data-
base, which is based on cadastral data for the years 1845, 1948, 
1990, 2000, and 2010. The database collects data on land use at 
the level of the Stable Territorial Units (STUs). STUs are units 
at the level of cadastre or units merged from several cadastres 
(merged in the way that its area does not change by more than 
2% during the whole monitored period). Areas of arable land, 
permanent grassland, permanent crops, forest areas, water areas, 
built-up areas and other areas are recorded for each STU and for 
every year. The methodology for creating and analysing of the 
database is described in detail in Bičík et al. (2015). Changes in 
arable land, permanent grassland and forest areas as a percent-
age for individual reporting periods are shown in Figures 6–8.

The Index of Change (IC) was calculated in the database from 
the area values of each category. This aggregate index indicates 
the intensity of land use changes over a certain period of time in 
the area of interest (STU in our case). The IC does not, however, 
assess the “quality” (structure) of such changes:

2
|PiB – PiA|

ICA–B  = 100 . Σ i  = 1
n

where ICA–B – index of change between year A and year B; 
n – the number of land use categories; PiA – the proportion of 
relevant land use category at the beginning of the examined 
period; PiB – the proportion of relevant land use category in the 
end of examined period.

The higher value of the Index of Change means more inten-
sive land use change in the area. This index ranges from 0 to 
100 and – put in a simple way – indicates the proportion of area 
where any land use change occurred, based on the comparison 
of beginning and end of the evaluated period. Changes that may 
have occurred during the examined period are not reflected 
(Bičík et al. 2015).

2.1.5 3D Photorealistic Models
Detailed 3D photorealistic models (Figure 14 in the Chapters 
“Boletice” and “Krkonoše”) were produced to document and 
“revive” disappeared places in the landscape. For their produc-
tion historical photographs and postcards were used, historical 
orthophotos, the elevation contour model ZABAGED, overview 
maps of the Czech Republic for ZABAGED (Geoportal ČÚZK 
2018) and original maps of the Stable Cadastre of Bohemia in a 
scale of 1:2,880 (1824–1843).

For the processing of the 3D model, it was first necessary 
to define the topographic base of the area for model-making. 
This was done on the basis of data obtained from the State Map 
(1st edition). The map is available in a scale of 1:5,000 (published 
in 1954). The building ground plans were created on the basis 
of historical photographs and postcards taken from different 
perspectives. Model-making of particular textures, windows, 
entrances and other details was done on the basis of historical 
graphic models. It was difficult to determine the dimensions for 
which there were no data. The dimensions were estimated, for 
example, by the height of the door. Placing the 3D model in the 
landscape was made by using the height model ZABAGED.

SketchUp, V-Ray for SketchUp, ArcMap, Zoner Photo Studio, 
Sweet Home 3D, 3dsMax, Blender, and Lumion were used for 
model-making.

2.2 Regional and Local Symbols

Local symbols, often also symbols of a larger region, are often 
depicted on municipality emblems. Each emblem represents the 

municipality, but it is also its “chronicle”. Using various graphic 
elements, the emblems tell of the past, monuments, traditions 
or legends, as well as of the economic and cultural activities 
of former inhabitants of municipality, or also of the present 
or/and past (extinct) landscape. If the municipality emblem is 
processed according to heraldic principles and if its iconography 
does not distort or shift reality, it is a valuable source of local or/
and regional historical-geographical information. The aim of this 
analysis is to find references to the landscape and its changes 
within the symbols used in the emblems of municipalities in the 
area of interest (Figures 10 and 11 in all Chapters).

For the analysis of the form and content of the municipal-
ity emblem, content analysis has been chosen as an analytical 
method (Krippendorff 2004; Rose 2007). Content analysis was 
originally introduced in many fields for text analysis (linguistics, 
sociology, anthropology, political science, etc.). However, its 
principals can be used very well also in the analysis of visual 
materials (Rose 2007). The emblems of all municipalities in the 
area of interest (as of 1 October 2018) are shown in the map. 
But not all of the municipalities have an emblem. Cities and 
towns traditionally have their emblem (given the historical right 
of cities and towns to “own” an emblem). Other municipalities 
could not start to “create” its emblems until 1990 (Šifta 2016). It 
is not the duty of municipalities to have a municipality emblem. 
Thus, the areas of municipalities that do not have the emblem 
remain empty in the maps.

The first step of the content analysis is to select the type of 
materials examined, followed by its collection. On the example 
of the content analysis of municipality emblems in Czechia, the 
source of data is the Registr komunálních symbolů (Register of 
Municipal Symbols; https://rekos.psp.cz). In the second step, 
the set of emblems is subjected to analysis (“reading”, decipher-
ing its content) with the result of identifying certain symbols 
pictured in the emblem (it can contain, and usually contains, 
more symbols) and interpret their meaning. In the third step, 
the set of identified symbols is then divided into predetermined 
categories. Only those emblems, that contain the references 
to the history of the landscape and reflect its changes, are 
included in the analysis. These symbols are divided into follow-
ing landscape-related categories: agriculture, water course/body, 
location of the municipality (e.g. symbol of the location of the 
settlement on a hill, in a valley, etc.), landscape/natural element 
(presence of rock formation, memorial tree, etc.), forest (occur-
rence of forest in the surrounding of the settlement), economic 
tradition, and other symbols. The “other” category includes all 
other types of symbols depicted in the municipality emblems 
(historical, church, cultural, administrative). In the next step, 
the results are quantified (using simple descriptive statistics, 
the frequencies of symbol use are analysed and the differences 
between categories are compared). The portion of the types of 
symbols in the emblems of municipalities in the area of interest 
is shown in the form of a thematic map with charts (diagrams). 
Subsequently, spatial patterns in the use of the same or similar 
symbols in the emblems of municipalities in the area of interest 
are identified. Symbols used in more places (in more emblems) 
thus often reflect the history, development and changes of the 
landscape in the wider area.

2.3 Heritage Sites

Cultural monuments comprise a complex of heritage, represent-
ing values and meanings related to the past which should be 
protected and preserved for future generations. Preservation 
of monuments focuses on the research of monuments, their 
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identification, protection, documentation or administration 
(Harvey 2001; Smith 2006). Internationally, UNESCO is dedi-
cated to the protection of monuments, in Czechia, the National 
Heritage Institute (Národní památkový ústav, NPÚ) is a profes-
sional organization of the state monument care established by 
the Ministry of Culture of the Czech Republic (Ministerstvo kul-
tury ČR). The aim is to get acquainted with the monuments and 
monument areas which are related to the monitored landscape 
transformation in the core (or in some cases in the wider area 
of interest), and which are registered in the National Heritage 
Monument Catalogue (Památkový katalog NPÚ).

The list of cultural monuments was created on the basis of 
a detailed research of the resources of the National Heritage 
Institute. This institution creates and manages above-mentioned 
National Heritage Monument Catalogue (www.pamatkovykata-
log.cz). The catalogue contains basic descriptive information 
about monuments, including photographs and references to the 
location of monuments in the cadastral map.

The Ministry of Culture of the Czech Republic declares as 
cultural monuments under the Act of the Czech National Coun-
cil on the Care of Monuments no. 20/1987 Coll. (Zákon České 
národní rady o památkové péči č. 20/1987 Sb.) immovable or 
movable property (or a set thereof), which is a significant proof 
of the historical development, way of life of the society from the 
oldest times to the present. Also, the creative abilities and the 
work of man from various fields of human activity are defined as 
cultural monuments, because of its historical, artistic, scientific 
and technical values. Monuments can also have a direct relation-
ship to significant personalities or historical events.

For the purposes of the analysis of the area of interest, only 
those monuments that are directly related to the characterized 
landscape changes, i.e. refer to the specific historical develop-
ment of society or values and remind meanings connected to 
a specific human activity in the landscape, were purposefully 
selected from the National Heritage Monument Catalogue. In 
the catalogue, each monument is introduced in text and its 
“description of the monument value” is described. The monu-
ments shown on the map (Figure 12 in all Chapters) are selected 
based on the data contained in this description.

The selection of monuments was performed mainly for 
the purpose of the best representation of the character of the 
examined landscape, because the National Heritage Monument 
Catalogue contains a large number of records that represent dif-
ferent historical periods or heritage values. In some core areas, 
however, monuments documenting the monitored landscape 
change did not occur, and therefore the search was extended to 
all cadastral areas in the area of interest (thus to the wider area 
of interest).

Features registered for each monument:
— catalogue number,
— name of the monument,
— cadastral area in which the monument is located,
— category of monument (small object, object, compound, area),
— date of obtaining the status of monument and monument 

protection,
— date of loss of the monument protection,
— type of monument protection (cultural monument, national 

cultural monument, heritage),
— annotation (brief description),
— location (GPS coordinates),
— data source.

2.4 Places and Institutions of Memory

Memory institutions preserve and transmit the information 
about the past and the changes of landscape in the area. 
Memory institutions are primarily museums or independent 
exhibitions, and also archives and collections that contain and 
manage related archival documents (Matero 2008). The aim of 
the analysis (using examples of museum expositions) is to cre-
ate a basic overview and typology of memory institutions that 
are located in the wider area of interest or those institutions in 
whose exposures are related to the examined area of interest 
(Figure 13 in all Chapters).

The list of memory institutions was created mainly on the 
basis of research of electronic information sources. For this rea-
son, it cannot be considered absolutely complete (there are many 
private collections, which are not represented on the Internet), 
but can be sufficiently valid with respect to the project objectives.

In the first step, a database of local exhibitions was created 
based on information about Czech museums provided by the 
Asociace muzeí a galerií České republiky (Czech Association of 
Museums and Galleries). The obtained data were further sup-
plemented with information available from popularizing web 
projects the Do muzea (“To Museum”) and the Muzeum.cz. In 
the second phase the expositions were searched according to 
the main localities in the areas of interest, i.e. larger cities with 
more than a thousand inhabitants. The resulting database con-
tains detailed information about individual memory institutions 
(address, GPS coordinates, link to the institution’s website).

The memory institutions (museums and individual exposi-
tions) were then analysed with regard to the focus of the exposi-
tions and collections. The expositions are divided according to:

a) their relation to the transformation of the landscape in the 
area of interest (expressed in the map by the inclination of 
the map sign):

— exhibitions which are directly related to the area of interest 
and present the past and changes of the local landscape in 
the area of interest;

— exhibitions which indirectly, respectively only partially, 
present the past and changes of the landscape in the area of 
interest (e.g. city museums, or those exhibitions which do not 
present a specific transformation of the landscape).

b) scale (expressed in the map by size of the map sign) on those 
representing:

— institutions of local importance;
— institutions of regional importance.

In the last step, the collections and exhibitions are described in 
terms of its content and focus. Colour of map signs symbolizes a 
maximum of three of the most typical themes of the exhibitions.
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