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1. Introduction

In this article we describe the fundamental land use changes during the
period of transition on the background of the past two centuries. We also take
into consideration the impact of natural conditions and the interactions of
societal and natural driving forces representing two groups of factors for land
use changes. The concept of societal driving forces and its contribution to land
use changes and landscape change research were characterized by Biirgi,
Hersperger and Schneeberger (2004, p. 857): “Landscape is the prime sphere,
where the combined effects of society and nature become visible. As societies
and nature are dynamic, change is an inherent characteristic of landscapes.”
(compare, e.g. Brandt, Primdahl, Reenberg 1999; Bicik, Jelecek, Stépanek
2001; Bicik 2002; Jelecek 2002; Mares, Stych 2004). Holistically grasped, land
use changes in their dialectical feedback represent “...the forces that cause ob-
served landscape changes. They are influential processes in the evolutionary
trajectory of the landscape” (Biirgi, Hersperger, Schneeberger 2004, p. 858).
Lambin and Geist (2007) analyzed the following main factors influencing land
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use changes: natural variability, economic and technological factors, demo-

graphic, institutional, and cultural factors, and globalization.

To sum up, societal driving forces have been the major influential factors
in the past two centuries in respect to land use and land cover change. In-
creasing the intensity of agricultural land use (soils) in lowlands became an
economically more effective way to increase the level of production. Therefore,
extensive agricultural production in hilly and mountainous regions decreased
greatly and has been restructuralized in many places or areas.

The collapse of the communist regime in 1989 ended the era of the “so-
cialist” economy. The peaceful split of Czechoslovakia into two independent
states, Czechia and Slovakia, followed in 1992. Since the 1990s, there has
been substantial economic change, generally characterized as the beginning
of “transition”.

Transition in Czechia has been a new and hitherto unknown process of mov-
ing society and the economy from a centrally and rigidly planned economy to
a market-oriented one (for more details, see Hampl et al. 1999; Bicik, Gotz
1998; Turnock, 2001, Biéik, Janc¢ak 2001; Bicik, Janc¢ak 2004). The transition
of Czech society and economy is an extraordinarily complex process for sev-
eral reasons. Above all, there are substantial changes in the organization of
economic life, and these changes affect every member of the formerly totalitar-
ian society. From an economic point of view, transition can be perceived as a
dynamic process of modernizing the economy and society. In Western Europe
and other developed countries, this modernization process has been going on
continuously in response to global pressures (internationalisation and globali-
sation, the oil crisis, the Gulf War, etc.). In totalitarian countries, however,
these international and global pressures were limited because of the closed
nature of the economy and society at the state level, or by the operation of the
former COMECON (Council of Mutual Economic Aid) directed by the USSR.

Czechia, due to its turbulent past, forms a unique model area for the study
of land use changes as affected by societal driving forces. There are four spe-
cific issues or events which together constitute this uniqueness:

1. Czechia experienced three profoundly different economic and social systems:
a) “traditional” liberal capitalism in a variety of types between 1845 and
1948 (with 6 years of Nazi German totalitarian rule in 1939-1945); b) the
“communist regime” or “non-market economy” of 1948-1989; c¢) the contem-
porary period of the “global” market economy. All these systems specifically
influenced land use structure and types of its changes.

2. The Transfer of the German population from Czechoslovakia to Germany
and Austria after World War II. This process caused massive depopula-
tion mainly in the border regions of Czechia and fundamentally changed
land use/cover changes (LUCC) in these areas, especially along the “Iron
Curtain”. The Czech population was not able to fully resettle these regions
despite massive support from the government; instead towns and rural mu-
nicipalities at lower elevations and in better locations were resettled.

3. Since the Industrial Revolution in Czechia starting in the first half of the
19% century several key political events changed the geopolitical and geoeco-
nomical position of the state and thus affected land use patterns remarkably:
1867 (the beginning of dualism Austria-Hungary), 1918 (the foundation of an
independent Czechoslovakia), 1938 (the partition of Czechoslovakia), 1948
(the onset of the communist regime), 1989 (the reintroduction of democracy
and capitalism; the opening of the national economy to foreign markets) and
2004 (EU membership and the adaptation of its agricultural policies).
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4. Availability of detailed maps for use as quantitative archival and statistical
data sources based on cadastral mapping from the 1% half of 19* century in
the so-called Franciscan or Stabile Cadastre covering more than 170 years
of land use development in Czechia, Austria and Slovenia, down to the ca-
dastral unit level (Jeleéek 2006 b).

2. The LUCC database

The first cadastre providing detailed and exact maps of cadastral units or
cadastral territories was developed and it can be used up to now. It was the
so-called Stabile (also Franciscan) Cadastre established in the first half of the
19% century, when the exact borders of cadastral units (also cadaster) were
measured and drawn on maps. Then their structure (i.e. borders of plots of
land, parcels, including their numbering, property data, soil fertility, etc.)
was elaborated. The methodology of cadastral mapping initially distinguished
ca. 50 categories of land use, currently only 12 categories (Jelecek 2006a).

The land use database was developed by the LUCC research team from
archival data containing some 13,000 cadastral units covering the entire ter-
ritory of Czechia (Database LUCC Czechia 2001). The cadastral data of 1845
and 1948 were received from the Central Land Survey and Cadastre Archive
files. More recent land use data (1990, 2000) came from the computerized da-
tabase of the Czech Office for Surveying, Mapping and Cadastre in Prague.
Each settlement, i.e. village, township, and city is composed of one (for villages
and townships) or more (for cities) cadastral units. The cadastral unit does not
have any administrative function — it is only a basic territorial unit, according
to which cadastral data including statistics and maps is set up. Currently,
the territory of Czechia is composed of approximately 13,027 cadastral units.
Their average area covers 609 ha.

The area of about 25 % of cadastral units has changed, and in the course of
time (1945-2000) new cadastral units were created (by dividing old ones). For
the sake of comparison, our research team developed some 8,910 comparable
so-called comparable territorial units (CTU) by joining those CUs whose areas
changed over the period examined. The average area of one CTU is 886 ha.
Approximately 70 % of the CTUs consist of one cadastral unit only; the rest is
composed of two or more, so that CTU areas do not differ more than by 1 % in
the four compared years of 1845, 1948, 1990 and 2000. Here we would like to
emphasize that we use only CTU as a tool of measuring and comparing.

3. Terms and context of the topic in literature
3.1. Discussion of basic terms

First it was necessary to call attention to the slight instability of the terms
“land use” and “land cover”, which requires discussion. This is indicated for ex-
ample by an overview of several definitions formulated primarily for landscape
management, or land itself. Georgie and Nachtergaele (2009), deem that the
term land use “...is often used improperly to describe some regional to global
datasets which contain a mixture of both ‘land use’ and ‘land cover’ informa-
tion. ‘Land use’ is in reality quite distinct from ‘land cover’”. The FAO’s official
definition of land use reads: “Land use concerns the products and/or benefits
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obtained from use of the land as well as the land management actions (activi-
ties) carried out by humans to produce those products and benefits.” The FAO’s
definition is equivalent to our definition of land use. This is evidenced by the
use of the same terms for land categories in land use statistics in individual
countries of the world kept by the FAO since the 1960s, and which are thus
named: arable land, permanent cultures, permanent grasslands and forest
areas, and further according to the comprehensive categories of: agricultural
land, arable land together with permanent cultures, remaining areas and
data about total area and area of the state not including water areas (that is
the area of land). This allows for at least an approximate international land
use change comparison in individual countries of the world, and in the case of
Europe mostly for the approximate last 40 years.

According to De Bie (2000) land use is a “...series of operations on land,
carried out by humans, with the intention to obtain products and/or benefits
through using land resources”. Turner II’s broader definition (1995, p. 20) is:
“Land use involves both the manner in which the biophysical attributes of
the land are manipulated and the intend underlying that manipulation — the
purpose for which the land use is used.” It can thus be determined that the
term “land use” in this case is partially included with that which is normally
perceived to be “land cover”. According to the figure therein (Turner II et al.
1995, fig. 3, p. 20) labelled “Differentiating land cover and land use” categories
of land use are (being intentional or purposeful), e.g. logging, grazing, agro-
forestry, wilderness conservation, cities = residential and production technol-
ogy, etc. In contrast land cover categories are forests, permanent grassland,
arable land, wetlands and non-biotic constructions. Land use and land cover
are defined oppositely then in the above mentioned definitions, including our
understanding of land use as a set of land area categories, whose names are
derived from the purpose and manner of their use.

The term “land use” may be conceptualized as the “colonization of Earth’s
ecosystems” by people, which can be analyzed to be such socioeconomic activi-
ties that affect ecosystems in order to gain favourable results or changes in
ecosystem processes that have been caused by these interventions (Krausmann
et al. 2001, p. 2). Encyclopaedia of land use (Geist, ed. 2006), in which entries
for “land use” and “land cover” are paradoxically missing, serves as proof of
disagreement in understanding land use changes. It is clear that in this field
of research no paradigm-terminology agreement has been made, which is thus
a challenge for future research.

Several definitions of land use and land cover also exist within Czech geogra-
phy. Lipsky (1994, p. 249) formulated the landscape ecology definition: “Land
use is spatial structure, which has a direct influence on the course of energy
and material flows in the landscape. Not only is the areal representation of in-
dividual elements important, but also above all their mutual arrangement and
internal characteristics, such as type, size, shape, origin and age, structure,
and connectivity or isolation. The critical role of linear formations (corridors)
connected to the network is emphasized in the agricultural landscape.”

The term “land use” used by Bic¢ik’s team (“areas use”), i.e. whether it is a
complex of individual land categories or types of land (arable land, meadows,
ete.) explicitly does not arise from Lipsky’s definition. The terms “land use”
and “landscape use” can be considered synonyms, for in contrast to the term
“land cover” they express its economic, and thus anthropogenic, aspects and
potential. The term “land use” is concisely characterized with the geographic
(holistic) approach by Kupkova (2001, p. 120): “An anthropogenic factor is a
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basic condition of being able to talk about land use. Land use is thus, in con-
trast to land cover always the result of interaction between society and nature,
and data describing land use thus testifies to human activity in the land”.
Therefore the author logically comes to the conclusion that with the help of
this data we should attempt to “quantify the influence of human activities on
the land, definitely, yet roughly or to a certain extent in a simplified manner”
(Kupkova 2001, p. 89).

The term “land use” can thus be understood as a more general, simplifying
term and for geographic land use research using the records and statistical
(archival) method the most appropriate.

The category “land cover” expresses the actual cover of the landscape, i.e.
what is growing on the land — what an observer would see. Comparing the
content and function of both terms brings up the idea that the term “land use”
with its categories of land and other parameters can be considered a rather
anthropocentric term; the term “land cover” is rather biocentric, or perhaps
geoinformatic, which thus suits ecologists more including landscape ecologists,
or other experts studying the landscape in greater territorial detail.

3.2. Context of the topic in literature

Recently, there has been very distinct motivation to analyse land use
changes and this analysis is being developed further. We witness it primarily
in important international projects focusing on the interactions of nature and
society in long-term time development at the macro-regional, or even on a
global, level. The writings of Turner II, Meyer (1994) and Robinson, Douglas,
Huggett (eds. 1997, again 2002), and Worster (1990) are very inspiring for
the study of long-term land use changes. These publications demonstrate the
entire range of disciplines examining global environmental changes and the
influence of human society on these changes (Global Change).

At a more general level it is necessary to recall the idea of Hampl (1992,
1999), who differentiated three basic phases of nature — societal interactions,
dominated by determination, competition or cooperation. They correspond to
different stages in the evolution of human society where the gradual release of
society from its external determination by natural conditions and evolution of
new sorts of internal (social) or external (socially geographical) organizations
is underway.

Long term land use development is studied as a social metabolism espe-
cially by Austrian geo- and social ecologists and other scientists using similar
historical data from archives (Haberl, Batterbury, Moran 2001; Haberl, Erb,
Krausmann, Adensam, Schulz 2002; Krausmann, Haberl, Schulz, Erb, Darge,
Gaube 2003), and more recently Kuskova, Gingrich and Krausmann (2008),
who analyse the development of social metabolism processes and energy flows
(extraction of biomass, fossil fuels, energy consumption) on the territory of the
former Czechoslovakia over the past 170 years and compare them with land
use changes in the same period. This is all in the context of the transition from
agrarian society to industrial and then post-industrial society.

Slovene geographers have a similar database at their disposal to the one in
Czechia. Gabrovec, Kladnik and Petek (2001) present a way of working with
cadastral data and covering the territory of the entire country (Slovenia) with
procedures and results most similar to those used in Czechia. Their work is
based on similar land structure studied in Slovenia between 1896 and 1999.
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Fig. 1 — Index of change (axis x, % of total area of Czechia) in the last one and a half cen-
tury recounted per average of one year in the observed period. Notes: I: The Revolution of
1848/49; The abolition of serfdom, land becoming a free good; Climax of the Agricultural
Revolution; The dominant impact of differential rent I; The extensive development of ag-
riculture. II: The transition to agricultural intensification; Greater impact of differential
rent II; Competition with cheaper grain from the U.S.A.; The drawn-out Agrarian crisis. III:
A boom in agriculture; the 1% phase of the technological-scientific revolution in agriculture;
the impact of World War 1. IV: The 1% land reform; Onset of the use of electricity and the
combustion engine in agriculture; State monopoly on grain trade; Policy of customary pro-
tection of the domestic agrarian market. V: The large economic crisis of 1929-1933; the im-
pact of World War II; German occupation of Czechia. VI: The transfer of the Czech Germans
1945-1948; The 2! land reform; Extensive development of the economy and its nationali-
zation; Collectivization of agriculture. VII: Economic depression; Attempts at agricultural
intensification deepening; Completion of collectivization. VIII: Economic stagnation; Joining
of small cooperatives and state farms; Simplification of rural landscapes with large plots
of land; The Agricultural Land Protection Act approved in 1976. IX: Re-introduction of the
market economy; Restitution of private property and land; Capital transition of cooperatives
(cooperatives of owners) and privatization of state farms; Increase of small-scale farming;
Competition between Czech and more better subsidized agricultural products from abroad.
X: 2000-2007: Preparation and realization of accession to the EU; Competition between
Czech and the better subsidised agriculture of the older EU Members States.

Source: Database LUCC Czechia 2001, Charles University in Prague. The index of change
shows the balance of areas in Czechia from the total area on which total of any category of
land changes occurred.

They created publications evaluating land use change according to individual
cadastres and regions in Slovenia over the course of one century (Gabrovec
1995, Gabrovec, Kladnik 2001). Their approach to dynamic land use is influ-
enced by the specific natural conditions in Slovenia and the development of
the society differentially using this territory. Mountainous and alpine regions
that were formally carefully used as alpine pastures are today mostly aban-
doned; mountain villages are abandoned and a secondary natural landscape
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has formed. In contrast the littoral region and the fertile lowlands on the edge
of the Pannonian Basin are intensively used for agriculture and are urban-
ized, and natural elements there are threatened, or in demise. On the bases of
changes in individual land use categories on the territory of Slovenia according
to increases in area of four monitored categories (arable land and permanent
cultures, forest areas, permanent grasslands, and built-up and remaining ar-
eas) four dominant processes and three levels of dominance of these processes
have been defined: weak, medium and strong dominance.

4. Major political and economic factors ranked according
to the power of their impact

To explain land use changes and problems during the period of transition
in Czechia, the historical roots of land use changes and the state of the land-
scape in the 1980s need to be looked for, i.e. to know their major economic
and political driving forces from the beginning of capitalism in Czechia. This
theme has been worked up in analytical studies by members of the team (e.g.
Bic¢ik, Chromy 2006; Bic¢ik, Chromy, Janéak, Jeleéek, Kupkova, Stépanek,
Winklerova 2001; Chromy, Jan¢dk, Winklerova 2003, Chromy, Rasin 2006;
Kabrda 2004a; Kabrda 2004b, Kabrda, Jancak 2007), whose findings will be
summarized in the forthcoming monograph. The definitions of the main SDFs
of LUCC not only in Czechia, were defined in the English language encyclopae-
dia of land use (Gheist 2006, Jele¢ek 2006b). Here we shall name only:

Major factors affecting land use in Czechia in the 20* century (ranked
according their “historical weight”): Results of WW II, the transfer of Ger-
man population from the border regions of Czechia, the creation of the “Iron
Curtain” after 1948; Takeover of political power by the Communists in 1948
and forty years of rule by the communist regime, nationalization of industry,
agriculture (socialisation of agriculture: 98 % of agricultural land was used by
Unified Agricultural Cooperatives and state farms), the impact of the centrally
rigidly directed planned economy; The birth of independent Czechoslovakia
and land reform in 1920s; The political, economic and social revolution in 1989
and the comeback of democracy, freedom and a capitalist/free market econo-
my; EU accession (2004 and EU agrarian policy) and the Schengen accession
(2007) are not well visible, but in the near future will influence our land use
structure and agriculture deeply; Cyclical development of the economy and
the changes of geopolitical and geo-economic position of Czechoslovakia and
then Czechia (1918, 1938, 1945, 1948, 1989); The impact of World War I (Biéik,
Jelecek 2004). We can read the major societal driving forces and their impact
on land use changes in Czechia 1845-2000 (Fig. 1).

5. Political and economic transition in Czechia after 1989
5.1. The period 1990-1994

Permanent changes in laws, the volume and structure of production, prices
and wages, and changes from long-term stabilization were the most important
in this period. From the point of view of land use and landscape, changes were
important for the deep reorganization of the rural landscape. The transition
of agriculture led to deep structural changes due to new laws and rules for
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privatisation and massive large-scale restitution of land property (nowadays
there are 3.5 million land owners, but less than 1 % of them has begun to farm
again). The reorganization of socialist cooperatives (some 65 % of agricultural
land) could start with owner cooperatives when all the restitution requests
were realized. It is interesting that all of these demands had to be approved
by a meeting with all of a cooperative’s members (some of them were totally
without any land or real estate) as well as owners (or their ancestors, i.e. chil-
dren/grandchildren etc.) who owned land, stables, machines, cattle etc. before
the creation of socialist cooperatives. The second most important producer in
socialist agriculture — state farms (they used some 35 % of agricultural land,
the majority being located in border regions) — were privatized on the basis of
privatization projects. These projects were mostly prepared by the managers
of state farms for tenders directed by the Ministry of Agriculture. Managers
had the best information about big state farms and it was one of the main
reasons for their high success rate in winning in tenders. But it was also a
way how to support the “traditional structure” created during the socialist
period. It was one (but not the most important) reason why farmers, who had
restituted land, faced much worse conditions when they started farming anew.
These quick processes influenced also the decrease in the number of employees
in agriculture, forestry and the fish industry (from some 600,000 to 200,000
in 2006) and the division from socialist farms, construction, industrial and
assembling workshops without any agricultural functions. These newly cre-
ated parts (enterprises, facilities) were privatized and lost a good chance for
earning extra profit from non-agricultural activities.

The government pursued great changes in agricultural policy. In this peri-
od, all traditional production supports in agriculture were terminated. These
changes influenced the decrease of Czech agricultural intensity, which seems
to be an exception on the Europe-wide scale at that time. The first period of
transition brought some special problems to solve. New managers emerged
in the process of privatization and had different starting positions; the best
managers stayed with informed people and were joined with old communist
“structures”. Big privatized properties directed by special ministerial officers
presented opportunities for corruption, but only in some cases has it been
proven. Society till 1989 overall developed a very uniform and relatively good
standard of living. The Czech rural population had never in the past enjoyed
such similar standards of living in comparison with the urban population.
The transition of rural society produced again differences in property and new
social structuring.

5.2. The period 1995-20014

The beginning of this period is connected to the completion of restitution
(perhaps as much as 90 %) and also the privatization of the majority of state
farms. Therefore, a new property structure in the rural landscape was in-
stalled. At the beginning of this period private persons owned most of agricul-
tural land (and some 20 % is still in state hands), but agricultural land use
resulted in different structures in comparison to the former structure of the
communist regime. The Czech Office for Surveying, Mapping and Cadastre
put great effort into fixing many of the mistakes made during the communist
regime and creating written records. The completion of the Cadastre (includ-
ing legal relations to real estate property) has yet to occur. Right in the middle
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of this period the process of creating new “complex land parcels regulation” be-
gan, involving the application of remote sensing, extended field mapping and
hard work with owners in haggling over new use and trades-off their parcels,
etc. This process of regulating new plots of land has only occurred in some 5 %
of Czechia, it is extremely demanding and it is planned to take two decades
and will require the budgeting of billions of crowns.

No production subsidies were applied within this period, but farmers could
get some support for projects within special programs focused on grassland
cutting, repairing ponds and streams, rural roads, etc.

The decrease in size of both arable and all agricultural land continued dur-
ing this period. Some plots of both categories were abandoned. The loss of sub-
sidies provided by the socialist state especially in naturally less favoured areas
and the impact of differential rent I operation in the revived market economy
influenced larger decreases of arable land and agricultural land regionally in
mountainous and sub-mountainous regions. In both grassland and forest area,
growth is visible. Also relatively deep changes in the structure of agricultural
production occurred: the share of crop production rose from 44 % to 49 %, the
share of some plants grown on arable land is now much higher (rape, corn,
sunflower), there was a large decrease of dairy cows (about 40 % of the 1990
amount) and milk products, a large decrease in cattle breeding caused smaller
amount of natural manure to used on arable land, etc. The amount of applied
artificial fertilizers went up step by step (the average amount of NPK applied in
2004 represents some 120 kg/ha, 1989 cca 240 kg/ha and 1992 cca 40 kg/ha).

New agro-complexes started to be formed. Many big food industry plants col-
lapsed in the first years of the transition. Similar fates met many other big food
plants, newly built at the end of the totalitarian regime. But at the same time
many smaller plants were built up and renovated mainly in agricultural regions
with surpluses (potatoes, milk, meat, vegetables, fruits and wine production).

Rural space obtained and strengthened non-production functions in which
many farms participated. Environmental and nature protection became more
important. Some areas around big cities were transformed into suburbs; there
are also special functions for different forest areas (water protection areas,
recreational function, cutting timber forests, etc.). But it is very surprising
that approximately in one third of 8,903 CTU there was a significant increase
of permanent grassland in the period after 1990. It happened for the very first
time in the long time period 1845-2000 and is still continuing.

The increase of meadows and pastures to the detriment mainly of arable
land was connected to technological changes in cattle breeding during the
1990-2000 period. About 95 % of cattle was gradually concentrated to (big)
new cowsheds and fed industrially prepared feed and forage from arable land.
The decrease of domestic beef, milk, and cheese consumption after 1990 and
the visible decrease of agricultural intensity contributed to the process of per-
manent grasslands areas increase acreage especially in hilly and mountainous
regions where now 7-8 months a year open air cattle fattening is dominant.
This change is present in differential rent II function’s impact on regional
reorganization of agriculture.

5.3. The period after 2004

When Czechia joined the EU, only a few hundred unsatisfied restitution
applicants remained, who requested around 1 % of agricultural land. About
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20 % of the total agricultural land is still in the hands of the state (in 2005).
The majority of that land is located in those border regions in which the land
was the property of the Czech Germans who after 1945 were transferred to
Germany.

This land cannot be sold to foreigners until 2012, but the Czech government
has begun a discussion about shortening this period. Some foreigners on the
base of cooperation with willing Czech partners started farming in Czechia;
this was enabled by Czech partners registering their ownership in the cadas-
tral register as official owners of the farm. The system of subsidies is devel-
oped, but subsidies can be used only for non-production functions. The extent
of abandoned arable land reached almost 10 % of its total registered area in
Czechia (2003), in 2005 decreased on the half. It is also significant to mention
that there were some owners “waiting” for joining the EU. After joining the
EU the subsidies in agriculture again evidently became smaller in comparison
with the subsidies of farmers in old EU Member States. Stratification of user
and owner structures of agricultural land rose.

One of the largest changes in the rural landscape in this period was the
intensification of suburbanization, especially around big agglomerations. Due
to this process, agriculture is losing the best or good fertile soils in lowlands,
which are being turned into built up areas, roads, and recreational gardens
(allotments) and light industry. There are also areas for family housing, and
areas for services or stores. Rural areas are changed by these processes into
areas with new functions, and arable, or agricultural land, is lost forever. In
peripheral and semi-peripheral regions we can observe some agro-brownfields.
These are buildings and areas earlier used by big cooperatives and state farms
for cattle and pig breeding in big cowsheds, and stores, barns, garages for
agricultural machines and tools, and industrial workshops. Many of these
investments from the totalitarian period are now in many cases empty and
threatened by robbing. Some of them are used for planned purposes; some of
them are rented for non-agricultural use. All processes mentioned here have
influenced the formation of a new agro-complex, which deeply differs from
the one from the totalitarian era. As far as land use changes are concerned
typical processes involve increases in forest and grassland size as well as a
continuation of increases in “built up” and “remaining areas”. Another serious
impact on land use changes is going on in the surroundings of large cities.
Suburbanization occurs when city inhabitants move to townships and villages
to live in new family houses. These are often built on arable land, or in better
cases, on grasslands.

6. The position of the period of transition in the long term
typology of land use changes

The period of transition represents a return to a market economy and at
first sight a return to former land ownership relationships and the organi-
zation of landscape management. Today as well, large enterprises dominate
farming, and there are only several thousand independent farmers, and most
of those who restituted land rent it out for a low price. Despite many changes
the organization of the entire agro-complex has maintained many elements
founded on large-scale farming of the past. Economic pressures coming from
within Czechia, as well as after 2004 mainly from the EU, have influenced land
use and the conditions and developments of land use categories and classes.
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Tab. 1 — Typology of the changes of the macrostructure in CTU of Czechia 1990-2000. Mac-
rostructure: agricultural land, forest areas and other areas (water + built-up + remaining).

Type CTU number % Size 2000 (ha) %

+++ 141 1.58 54,187.7 0.69
++— 1,904 21.39 1,500,680.7 19.03
+—+ 490 5.50 418,246.8 5.30
+—— 1,234 13.86 905,517.0 11.48
—++ 2,543 28.56 2,368,246.6 30.02
—+ - 905 10.17 946,005.0 12.00
-——+ 1,686 18.94 1,693,655.3 21.48
Total 8,903 100.00 7,886,539.1 100.00

Source: Database LUCC Czechia 2001, Charles University in Prague

Therefore it is important that these pressures are compared with the previous
land use categories and classes.

We use two methods to do so. The first evaluates the landscape’s macrostruc-
ture based on agricultural land, forest areas and other areas (water + built-
up + remaining) through a simpler form of increases and decreases in area
between two time periods. This allows seven categories of land macrostructure
transition categories to be distinguished (Tab. 1).

Comparing the development of the shortest land use change period
(1990-2000) with the preceding period (1948-1990) documents a fundamen-
tally different situation. In our opinion a decade is too short a time for sig-
nificant land use changes to occur. What more the fundamental change in
ownership relations when land was returned to 3.5 million people through
restitution certainly influenced the variety of changes in land use. The oldest
period (1845-1945) was influenced by the fact that in more than 60 % of CTUs
there was forest growth (whether we count the portion of CTUs or the area of
units). In only a quarter of CTUs did the area of agricultural land grow and in
a full 75 % other areas grew (built-up + water + remaining). The second period
concentrated the number and area of each type to 90 % — i.e. CTUs where
agricultural land decreased and forest and other areas increased. Thus, the
period of transition with its varying types of land structure dynamics presents
a specific phase of development. Of course we presume that after completing
the database in January 1, 2010 that the transition al development of twenty
years will be projected in the representation of two or three types.

Table 2 is based on the methods of Slovene geographers (Gabrovec, Klad-
nik, Petek 2001) and with a certain amount of generalization it documents
main landscape change processes. It is based on simplified land structure in
four basic categories: total arable land + permanent cultures, also permanent
grassland area (meadows + pastures), forests and total built-up and remain-
ing areas. The largest positive growth in area is divided by the sum of all area
growth and is multiplied by 100. The resulting number expresses how the
most significantly growing category contributed to total positive changes. If
the portion is larger than 75 % it is a strong process, if it is between 50-74.9 %
it is of medium intensity, and if the portion is 25-49.9 % it is weak. Depending
upon which unified category is in question we can talk about three levels of
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Tab. 2 — The typology of main landscape change processes 1990-2000 (according to Gab-
rovec, Kladnik, Petek 2001)

Type CTU % Size %
number (102 ha)

1 | strong afforestation 114 1.28 141.1 1.79
2 | moderate afforestation 72 0.81 58.7 0.74
3 | weak afforestation 16 0.18 8.5 0.11
4 | strong grassing over 2,255 25.33 2,099.6 26.63
5 | moderate grassing over 269 3.02 274.4 3.48
6 | weak grassing over 27 0.30 42.2 0.54
7 | strong urbanization 380 4.27 394.5 5.00
8 | moderate urbanization 154 1.73 187.2 2.37
9 | weak urbanization 27 0.30 60.7 0.77
10 | strong intensification 553 6.21 348.9 4.42
11 | moderate intensification 176 1.98 128.6 1.63
12 | weak intensification 15 0.17 12.0 0.15
13 | proportion of changes less than 1% of area| 4,845 54.42 4,129.9 52.37
Total 8,903 100.00 7,886.5 | 100.00

intensity in the processes of agricultural intensification, establishing grass-

lands, afforestation and urbanization.

The main landscape change process in the period 1990-2000 is unanimous-
ly the establishment of grasslands, that is, growth in the area of meadows
and pastures. Considering the fact that record keeping for individual land
categories in this period appreciably lags behind their true area in the field
(the area of arable land is fundamentally smaller than is recorded — by as
much as 300,000 ha in 2003), the true area of permanent grasslands is larger
than the data table shows. The second most important process of the period
of transition is urbanization (strong and medium), involving the intensive
influence of suburbanization in the hinterlands of major cities, which was a
result of large investments into service, storage and logistics areas and resi-
dential housing. There is surprising, that half of units realized no changes
in land use structure, more certainly changes were lower than 1 % of CTU’s
individual size.

It is possible to roughly divide the territory of Czechia into five different
types of land use changes:

1. Regions with relatively good natural conditions, stabilization of higher
share of arable land especially in lowland areas; land use changes will take
place especially from arable land (reaching more than 70 % of CTU area) to
built-up and other areas.

2. Regions with relatively good natural conditions and with a higher share of
arable land, but influenced by very strong suburbanization, which started
after political changes in 1990, but whose intensity was highest especially
in the period 1998-2007. The population of Prague’s urban region, where
suburbanization has been the strongest increased in the period 1991-2001
by +11 %, in the period 2001-2006 by +8 % (and in the sub-region Jesenice
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by +100 %, and in the sub-region Kamenice by +50 %). This extreme popu-

lation increase caused deep changes in land use (transition of arable into

built-up and other areas) in all territories giving them new special functions
for permanent housing, stores, shopping malls, etc.

3. Regions with middle and high changes in structure and decreases of agricul-
tural land (changes from arable — to grasslands — to forest areas) and weak
afforestation are situated in hilly regions at altitudes above 550 m. There
are many regions where it is possible to successfully apply a rural policy of
the 21°* century — the multifunctional rural landscape. Such policies still
bring and will bring extra money not only from farming (such as organic
farming), but also from other activities such as agro tourism, horse riding
etc. as mentioned above. Especially, under these conditions there are farms
that could receive special support for non-production activities (cutting and
grazing grasslands to maintain their species composition, environmental
and protection work, reconstruction of paths, streams and ponds, etc.). Such
a policy pursues a very important objective, namely to enable rural inhabit-
ants to live in the countryside and keep the rural landscape in a good state,
because it often has many other functions besides agriculture.

4. Regions with a very steep decrease of arable land as well as grassland and
strong afforestation, where the share of agricultural land gradually de-
creased from the end of 19" century and accelerated after 1945. They are
almost only rarely used as pastures and strong afforestation is occurring
(above 600 m). These processes have been in progress since joining the EU.

5. In regions with relatively low population densities the landscape was trans-
formed into national parks (Sumava, Podyji) or other forms of landscape
preservation (all forms of preservation are applied in almost one fifth of the
Czech territory). There is a visible decrease of human activity, especially
in agriculture, the landscape has a higher share of forests and grasslands,
and land use structure after declaration is relatively stable. Hiking, bik-
ing, walking and skiing are preferred, but in some places with bad effects
on the main function — nature preservation. Creating new national parks
influences the size of some land use categories. Their “primary zones”
are proclaimed to be remaining areas without taking reality into account
(usual categories: forest and grassland). We can see the opposite situation
in abolished military areas. There were any changes of landscape inscribed
in cadastral evidence when other areas were transformed into real forests,
grassland and other categories.

Usually only small parts of the landscape (bigger parts are located in
reclaimed mining areas and dumps) farther from houses and other human
activities were turned into specific areas of “new wilderness”. There are parts
of uncultivated agricultural land on slopes, narrow stream valleys, old mines
and open pits, where new habitats are located. Some of them are also some
core areas for the survival and expansion of new flora and fauna species. The
progress of this “new wilderness” is influenced by the large decrease in agri-
cultural intensity over the last 15 years, and some sources claim that about
5 % of all state territory has this special “land use”.

In conclusion we must emphasize that during the period of transition proc-
esses continued that led to further differences in land structure at the lowest
level of CTU. Simultaneously, greater accumulations of CTU — with similar
structures (and development) were formed and larger typological regions with
similar land structures were formed. Their functions still differ significantly
and therefore differences in land structure between them are increasing.
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8. Conclusions

The period of transition from after 1990 to the present is characterized by
several specific periods with differing political and economic developments.
This with a certain phase delay came out in the change in functions that
society gives to various parts of the landscape. Therefore land use in the hin-
terlands of Prague and other large cities has been changed the most signifi-
cantly by suburbanization. In these areas agricultural land (predominately
arable) has been transformed to expansive built-up areas, gardens, orchards
and remaining areas (for transportation, storage, logistics, etc.). This poorly
managed process of suburbanization gradually proliferated after 1990 and
reached its maximum near most cities between 1996 and 2005 in terms of
taking up agricultural land. This resulted in population growth in these newly
built-up areas, consisting predominately of family houses in the hinterlands
of most municipalities. Despite the experience of Western Europe and North
America, where this process began much earlier, several things have not been
ensured in these newly urbanized places in Czechia: a necessary amount of
public and transportation area, appropriate construction activity in terms of
urban planning, and the architectural quality of buildings (including social
amenities — schools, education, health, services, and shops). Therefore several
authors speak about urban sprawl. The Prague urban region (the hinterlands
demarcated by the territorial districts of Prague-west and Prague-east) expe-
rienced an extraordinary growth in population. Thus, it is a logical result that
on part of the cadastral territory of most of these rapidly growing areas natural
conditions fundamentally changed — especially the biota and the hydrological
regime. Furthermore they are characterized by a loss of arable land, according
to cadastral office records, which however in the field is in reality arable land
lying fallow, due to being built-up (Spilkova, Sefrna 2009).

Land structure in two other significant typological regions seems to be rela-
tively stable. In fertile lowlands (outside of the immediate hinterlands of large
cities), where crop production is significantly concentrated, only small land
use changes occurred. A large portion of arable land with better quality soils
dominating was preserved and only exceptionally has it been taken up by large
investments.

In contrast to the fertile lowlands are mountainous regions, where the por-
tion of forests on the area of CTUs is around more than 50 % of the area.
Here arable land ceased to exist at the end of the 19* century already, and
was transformed into pastures, meadows and forest; remaining arable land
was almost completely transformed into meadows and pastures in the early
years of the communist regime. This was mostly due to political factors and
economic factors, which in these regions caused most of the arable land to
shift to the category of meadows or pastures in the 1950s and the later shift
of this grassland to forests. Considering its low natural fertility and largely
unsuitable position to the market (they were mostly in the sparsely populated
border regions), it did not economically pay to invest capital in arable land
(crop production).

This “two-tiered landscape change” is certainly characteristic, albeit at a
lower intensity after 1990, for less fertile sub-mountainous and hilly areas
of the interior of Czechia. After 1990 farmers farming here stopped getting
relatively generous subsidies from the state, which allowed them to even grow
unsuitable crops. Therefore in the period 1990-2000 grassland (meadows and
pastures) growth was characteristically the dominant process of landscape
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transition for 25 % of all CTUs. This transition of agriculturally utilized land
has resulted in a significant restructuralization of cattle breeding. In these
regions (as well as in data for all of Czechia) there is a noticeable shift from
stabled dairy cattle breeding to stable and pasture raising with a higher por-
tion of meat-producing breeds of cattle. We must supplement our conclusions
based on data from cadastral records. This is evidenced by data stating that in
2003 about 300,000 ha of arable land was long-term fallow land, but without
any change in the register of the cadastral office. This means that at the begin-
ning of the century in about 50 % of CTUs in Czechia, growth in permanent
grasslands was the dominant feature of landscape transition. The accession
of Czechia to the EU initiated a decline in the area of arable land lying fal-
low (that is de facto now permanent grasslands) in connection with expected
agricultural subsidies from the EU.

The third type of significant landscape change is represented by regions
that were declared to have various degrees of nature and landscape protec-
tion, especially national parks (Sumava Mts., Krkonose Mts., Podyji, Ceské
Svycarsko) and UNESCO biosphere reserves (e.g. Tiebonsko, Krivoklatsko,
the Bilé Karpaty Mts., etc.). In total almost 20 % of the territory of Czechia is
protected to some degree. Being declared protected was connected with lower-
ing the intensity of farming in these areas, and in some parts agricultural
production was outright prohibited. Demarcating the primary zones of protec-
tion in national parks has resulted in the administrative shift of all of these
defined areas to the category of remaining areas (which also included storage
and logistics areas, etc.) although there was no change in the field. National
parks have become a part of the economically 1mportant tourist industry, and
for example in Sumava the development of economic activities in several mu-
nicipalities is significantly restricted.

The database that we use allowed us to come up with several fundamental
research conclusions. Above all, over the last nearly two centuries of keeping
land use records, there have been significant changes in land use. Whereas
in the past the land structures of individual CTUs were mutually similar,
their structural differences gradually grew, as did regional differentiation.
Currently these differences are at their greatest. Simultaneously, larger ter-
ritorial units were created (typological regions of specific functions) differing
in land use structure. Of course the internal similarity of land structures of
individual CTUs, which make them up, is high in contrast.

Current agricultural and environmental policy in Czechia is ever more em-
phatically trying to create a multifunctional rural landscape. It is certain that
in a developed society various functions and tasks are given to the landscape
and thus in an intensively utilized landscape conflicts of function occur. In our
opinion the fundamental conflict is a result of tendencies in long-term land
use development that lead to significant functional differentiation of the above
mentioned typological regions and with this policy aimed at a multifunctional
landscape.

In conclusion we would like to point out that we will continue to research
long-term landscape changes. On the one hand we will expand the database of
land use in Czechia to include other dates (1896 and 2010) and will add other
characteristics on the cadastral territory level. We are also preparing several
choropleth maps for the upcoming Landscape Atlas of the Czech Republic, as
well as a study of model regions of specific functions from the point of view of
their land use development.
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Shrnuti

VYUZITI PLOCH A ZMENY KRAJINY CESKA
V OBDOBI TRANSFORMACE 1990-2007

Clanek je piedevsim jednim z vystupti databdze LUCC UK Prague, ktera soustieduje
data o vyuziti ploch v Cesku na turovni 8 903 srovnatelnych dzemnich jednotek vytvorenych
z udaju jednotlivych katastri pro osm kategorii ploch v letech 1845-1948-1990-2000. Sledo-
vané kategorie predstavuji ornou pudu, trvalé kultury, louky a pastviny (v thrnu zemédél-
skd puda), déle lesni plochy, vodni, zastavéné a ostatni plochy (posledni t¥i charakterizované
souhrnné jako jiné).

Vyzkum vyuziti zems je zvlasté v Cesku dulemty nejen pro hospodaieni vlastni zemé,
ale i v Sir§im mezinarodnim kontextu, a to zejména z nasledujicich diévoda: identifikace
a explanace vyznamnych zmén socidlné ekonomické situace tizemi Ceska; odsun ceskych
Némcu a proména nedosidlené krajiny pohranici ovlivnéné navic vystavbou Zelezné opony;
podstatné zmény vyuziti krajiny vyplyvajici z promény geopolitické situace ve Stiedni Ev-
ropé. V archivech jsou k dispozici potfebné podklady v podobé detailni informace o stavu
a vyvoji vyuziti krajiny Ceska v poslednich cca 170 letech.

Druha kapitola obsahuje charakteristiku databaze, jejiho vytvafeni, informace o dpravé
struktury sledovanych kategorif a izemni struktury pomoci srovnatelnych tzemnich jedno-
tek (SUJ, v angliétiné CTU).

V kapitole 3 jsou diskutovany predevsim zakladni pouzivané terminy a nejednost termi-
nologie jak v doméacim, tak v zahrani¢nim odborném tisku. Diskutovany jsou zejména za-
sadni terminy, jakymi jsou ,land use“ (vyuziti ploch, nékdy nepiesné piekladan jako vyuziti
pudy — ne vSechny sledované kategorie jsou ale kulturou ¢i pudou) a krajinny pokryv (land
cover). Kratce je diskutovan i trend vyvoje interakce mezi piirodou a spole¢nosti a charak-
terizovany jsou nékteré piistupy studia krajinnych zmén, resp. zmén ve vyuziti ploch (pii-
padné zemé). Podobna datova zakladna je k dispozici v Rakousku (databaze pro celé dzemi
Rakouska zatim neni pripravena) a ve Slovinsku (databaze podobnou nasi je témét hotova).

Dalsi ¢ast piispévku je zamétfena na hodnoceni vyznamu jednotlivych politickych a eko-
nomickych hybnych sil, které se ve Stiedni Evropé vyznamné podilely na zménach vyuziti
ploch v dlouhodobém kontextu. Obrazek 1 dokumentuje vyvoj vyuziti ploch pomoci indexu
zmény za celé tizemi Ceska za minulych vice nez 170 let a rozvadi v popisu hlavni hybné sily,
které zde pusobily.

Pata kapitola prispévku hodnoti pohtlckou a ekonomickou transformaci Ceska po roce
1989 v nékolika etapach. Prva etapa je datovana obdobim 1990-1994 a jako hlavni procesy
uvadi restituce, transformaci zemédélskych druzstev, privatizaci statnich statkt. Doku-
mentuje za¢atek poklesu poétu ekonomicky aktivnich v zemédélstvi (ze cca 600 tis. osob na
200 tis. v roce 2004). Je zminén vliv ukonceni statnich dotaci do zemédélstvi jako klicovy
davod poklesu jeho intenzity, ktery ovlivnil piechod na trzni ceny s dopadem na spotiebu
obyvatelstva. Nasledujici etapu 1995-2004 ovlivnilo faktické ukonceni restituci, pocatek
praci na komplexni pozemkové dpravé a obnovovani presnosti evidence pudy Katastralnim
uiadem. V tomto obdobi nebyly poskytovany zadné produkéni dotace, prostiedky Sly pouze
do udrzby luk, rybnika a vodoteéi, resp. venkovské dopravni sité. Také doslo ke zménam
ve struktuie zemédélské vyroby zvySenim podilu rostlinné vyroby a zméné osevnich ploch,
kdy podstatné vzrostl podil fepky olejky, kukurice a bioprodukce. Ve struktute vyuziti ploch
pokracuje trend narustu lesnich ploch a také opousténi orné pudy, jak jejim nevyuzivanim
(ponechdanim pudy ladem), tak pievodem do kategorii louky ¢i pastviny. Pravé narust roz-
lohy téchto kategorii (od roku 2002 v evidenci sloucenych do trvalych travnich porosta)
charakterizuje plnych 35 % vSech sledovanych srovnatelnych tizemnich jednotek v letech
1990-2000 a dokumentuje pokles 1nten21ty hospodareni ¢eského zemédélstvi a strukturalni
zmény v chovu skotu. Tésné pred pFipojenim Ceska do EU byl rozsah nevyuzivané orné pudy
odhadovédn az na jednu desetinu jejitho rozsahu (asi 300 000 ha). Tteti perioda navazuje
po prlpO_]enl Ceska do EU v roce 2004 a jde o obdobi dovrsent transformace zemédélstvi,
kdy nova druzstva vlastnik obhospodatovala asi 28 % zemédélské pudy Ceska. Jeji 44%
podil vyuzivaly soukromé firmy (spole¢nosti s r. 0., akciové spoleénosti, obchodni spole¢nosti
apod.), asi ¢tvrtinu pak soukromi majitelé — farmafi. V této periodé se podstatnym zputso-
bem ménila i vlastnick4, velikostni a tzemni struktura navazujicich odvétvi agrokomplexu.
Také suburbanizace vyznamnym zpusobem ménila zpusob vyuziti ploch predevs§im v zdzemi
vétsich mést.
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Dale je provedeno hodnoceni zmén vyuziti ploch pomoci dvou zakladnich typologickych
metod. Jednak jde o typologii tdbytki a prirastka t¥i sumarnich kategorii (zemédélsky pudni
fond, lesni a jiné plochy), jednak o aplikaci ,slovinské“ metodiky hlavnich krajinnych proce-
st. Tabulka 1 dokumentuje rozloZeni typti zmén suméarnich kategorii v obdobi 1990-2000.
Tabulka 2 pak vysledky hodnoceni podle slovinské metodiky. Podle obou typologii vychazi
jednoznaéné zavéry srovnani zmén vyuziti ploch této periody s dlouhodobymi trendy. Pie-
devsim se podstatné lisi ve vyznamném narustu trvalych travnich porostt, pokracujicim
narustem rozlohy zastavénych a ostatnich ploch predevsim v zdzemi velkych mést. Pokra-
¢ovanim dlouhodobych trendu v transformaénim obdobi vidime pfedevsim v dal§im dbytku
zemédélského pudniho fondu v horskych a podhorskych oblastech a ve formovani vétsich
uzemnich celkd s podobnou strukturou ploch a jejich vyvojem. Zavérem jsou uvedeny hlavni
typologické regiony z hlediska struktury ploch: drodné niZiny s vysokym podilem orné pudy,
suburbanni zény s dobrymi podminkami pro zemédélstvi pod tlakem zastavby, podhorské
oblasti s narastem trvalych travnich porostt a lesnich ploch ale relativni stabilitou vyu-
ziti ploch, horské oblasti s pokracujicim ibytkem zemédélského puadniho fondu a vysokym
podilem lest, regiony s vyznamnymi ochrandiskymi funkcemi s limitovanym zptsobem
hospodéaiského vyuziti krajiny.

Zavéry shrnuji dosazené vysledky hodnoceni transformaéniho obdobi z hlediska vyuziti
ploch. Patrné je vyrazné ¢lenéni na jadrové oblasti ovlivnéné intenzivni suburbanizaci a in-
tenzivnim zemédélstvim drodnych nizin a oblasti periferni. Ty charakterizuje predev§im
dlouhodoby pokles intenzity zemédélského vyuziti, ktery pokracdoval i v transformaénim
obdobi. Pfechodné oblasti maji v tomto obdobi relativné stalou strukturu vyuziti ploch s vy-
jimkou lokalit a linii velkych, pfredevsim dopravnich investic. Dlouhodoby vyvoj struktury
ploch potvrzeny i transformaéni periodou formuje vétsi tizemni celky podobné struktury
ploch (i jejich vyvojovych trenda) vyplyvajici z funkei, které modernizujici se spoleénost
jednotlivym tzemim urcuje. Je otdzkou zda tento zjistény trend neni v rozporu s proklamo-
vanou politikou multifunkéni venkovské krajiny.

Obr. 1 — Pramérny ro¢ni index zmény ve vyuziti ploch Ceska od poloviny 19. stoleti do roku
2000 (nékteré hlavni spolecenské hybné sily zmén ve vyuziti pudy). I — revoluce
1848/1849; zruseni poddanstvi, puda a pracovni sila volnym zbozim, dovrSeni
zemédélské revoluce, dominantni vliv diferencidlni renty I; II — piechod k ristu
intenzifikaci zemédélstvi; vétsi vliv diferencidlni renty II; konkurence levnéjsiho
obili z USA; vlekla krize v zemédélstvi; III — konjunktura v zemédélstvi; prvni faze
technicko-védecké revoluce v zemédélstvi, zejména na velkostatku; dusledky vlivu
1. svétové valky; IV — prvni pozemkova reforma; nastup vyuziti elektiiny a vybusné-
ho motoru v zemédélstvi; obilni monopol statu;ochranarska celni politika; V — velka
hospodaiska krize po¢atkem 30. let 20. stoleti, vliv 2. sv. valky, némecka okupace
Ceska; VI — odsun ¢éeskoslovenskych Némecu; nastup komunistického rezimu, druha
pozemkova reforma, extenzivni vyvoj hospodarstvi a jeho nacionalizace, kolektiviza-
ce zemédeélstvi, masivni industrializace; VII — hospodarska deprese; pokusy o vétsi
intenzifikaci zemédélstvi, dokonéeni kolektivizace; VIII — hospoddiska stagnace,
spojovani druzstev do vétsich celk, velké bloky poli a simplifikace ruralni krajiny,
vliv zdkona o ochrané zemédélského pudniho fondu, intenzivni bytova vystavba;
IX — néavrat kapitalismu a trzni ekonomiky, restituce pozemkového vlastnictvi;
transformace druzstev a statkt v jiné kapitalové formy, rozsifeni zemédélské malo-
vyroby, silnd konkurence vice dotovanych produktu z EU; X — pi¥iprava a realizace
vstupu do EU, konkurence 1épe dotovanych zahrani¢nich zemédélskych produkti
starych élent EU.

Authors are with Department of Social Geography and Regional development, Faculty of
Science, Charles University, Albertov 6, 128 43 Praha 2, Czechia; e-mail: bicik@natur.cuni.cz,
Jelecek@natur.cuni.cz.
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