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Abstract

Landscape ecology in its dynamic concept is focusedthree large topics concerning
landscape: 1. structure; 2. functions and proces8eschanges and developments.
Horizontal structure of the landscape and its chanbave a key importance for all
processes of landscape functioning, i.e. flows aften and energy, species movement and
exchange of information. Fast changes in landseapeture actually expressed by changes
in land use and land cover are a characteristitufeaof the present cultural landscape.
Both geography and landscape ecology are tradityprfocused on monitoring of
landscape changes. Both disciplines have elaboth&idown methodological approaches
to investigate changes in horizontal landscapecstre. The methods differ depending on
used data, the scale, size and character of thee @amder investigation. Changes and
developments in landscape macrostructure are igedstl using summary statistical data
on land use, usually available for administrativeétsifrom which cadastral areas are the
smallest. Research methods aimed at monitoringhahges in landscape microstrucutre
are based on data derived from maps, aerial amdlisaimages. Both approaches often
complement and permeate each other at the prédetitods of monitoring and assessment
of of changes in landscape macrosructure as wddlrmscape microstructure are reviewed
in the paper. The termfandscape macrostructureand landscape microstructure‘are
explained in the text, too.

Changes in landscape structure may eventuate amgels in landscape character
alternatively in destruction of characteristic lacape types. But at the same time landscape
changes are in keeping with the concept of cultlaatiscape as a dynamic result of
interactions between natural and social proces&mne changes are universally
wellcomed, others may cause conflicts among lamp#scaers. Changes that are positive in
some respects may be negative for other landscalpes: Permanent landscape changes
are described in the concept of ephemeral landsaapein the concept of transitional
landscape as a continuous process. Accordingly asessment of the changes in the
landscape does not mean a precarious refuse ofaftexations. It should result from the
knowledge about the influence of the changes odiosity and ecological stability of the
landscape, generally on the course of landscapegses and characteristics.

Key words: land use, landscape macrostructure, landscapestigcture, landscape
metrics, landscape change

I ntroduction

The topic of land use and landscape structure @smangpresent an extremely wide as
well as very important and topical issue in alestific disciplines dealing with landscape.
The number of papers in scientific journals thatfon the topic of landscape changes has
been increasing significantly during last 10-15 rge@ASPINALL (2006) presents the
rapidly growing volume of papers with ,land use” @ither a key word or in the abstract
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that are cited on ISI Web of Science (Fig. 1). cAlls the Czech Republic the number of
papers and research works aimed at changes inclmelsise has significantly increased
after the year 1990 which means a certain milesianthe development of the Czech
landscape. Some trends in the development of tkelCaultural landscape have intensified
and some others modified according to political aodietal changes after the Velvet
Revolution. Research works were concentrated oh bt analysis and assessment of
dramatic changes in landscape structure in thensebalf of the 20th century connected
with the development of the socialist large-scatgicalture and new development
tendencies after 1990 like decrease in the aregrafultural lands, abandonment as well as
strengthening of non-producing functions and paigtionality of rural landscapes. Farther
research trends are focused among other thingshanges in outskirts of big cities,
uncontrolled urban sprawl into open rural landscapel development tendencies of
postagrar and postindustrial landscape.

Fig. 1: Number of papers with ,land use” as either a kesdvor in the abstract that are
cited on ISI Web of Science (after ASPINALL 2006)

2500 T
2000 |
1500 1

1000

Papers per year

500

0 !

1975 1980 1985 1990 1995 2000 2005

Czech Society for Landscape Ecology (IALE-CZ) arigad its annual conference titled
“Present changes in landscape use in the CzechbRepin January 2001 inCeské
Budijovice. During the last Congress of the Czech Gaplgical Society (eské
Budkjovice, August 30 - September 2, 2006) and the liagtrnational Symposium on
Problems of Landscape Ecology in Slovakia (Stasn&, October 4-7, 2006), the sections
dealing with landscape changes and transformati@re the most visited by professional
community as to the number of papers and posteobldins of landscape changes resulted
in changes in landscape character represent meghédnted issue in recent research works
oriented to practice of landscape protection arghmihg. It concerns both the Czech
Republic, where four conferences on the topic ofd$zape character assessment were
organised during last decade, and Europe (projeCAE - European Landscape Character
Assessment Initiative, WASCHER, ed., 2005). Amongngn international conferences,
workshops and seminars dealing with the topic ofdézape changes, the seminar
Landscape change and its ecological consequendesriopeheld in Tilburg in 1995, from
which the important publication was published (J&NWAN, ed., 1996), should be
mentioned. Last time the international seminar wiltke characteristic titldandscape
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Change: Learning from the Past - Visions for theiufe was organised in Norwegian
Tromso in June 2006. Land use as well as genardstape changes are studied in the field
both of geography and landscape ecology, aparh father scientific and applied
disciplines dealing with landscape issues. In fhemework of the International
Geographical Union, the LUCC (Lans Use/Cover Changerking Group is actively
working to follow up land use changes around theldvHIMYIAMA et al. 2005), with
the important intellectual contribution of the Chaegeographical school (BiK 1998;
BICIK et JELECEK 2003; BCIK et KUPKOVA 2005 and others).

Importance of land use and landscape structure changes from the point of
view of landscape ecology

Landscape ecology in its wide thematic orientatodealing with three main subjects in
the landscape: 1.structure; 2. functions and peaes3. changes and developments. These
main general attributes of every landscape areiatiytconnected by a complex system of
feedbacks (Fig. 2).

One of the most important notions is that the laage structure strongly influences
ecological processes and characteristics. Fursctemmd all processes running in the
landscape depend directly on and arise from lamésstucture, it means from the spatial
composition of landscape segments. The pattern isnportant feature if one studies the
relationship between the various horizontally aged complexes of landscape elements
(ZONNEVELD 1995). FORMAN et GODRON (1986) formtéa7 main principles of
landscape ecology. The principles are aimed asleaqk structure, landscape functions and
landscape change and all the principles stresprih@ary and absolutely determinant role
of landscape structure. Any changes in landscapetste change the functioning of the
landscape (i.e. flows of energy, matter and infitiom as well as species movements
among structural landscape components). And clsargge alterations in landscape
functions drive landscape dynamics, are drivingdiecof landscape developments and by
a feedback path are once again reflected in lapgsstructure. That is why landscape
structure and its changes represent a crucial issaedscape ecology.

Fig. 2. Three main subjects of the interest of the laade science in the landscape
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Two main concepts of landscape structure covethel,,geocomplex” model formulated
by geographers (SCAVA 1978, MORACEVSKIJ 1994) and 2. the “patch-corridor-
matrix“ model (FORMAN et GODRON 1986). The main salaprocesses involved in the
process of land transfromation conceived as chaigethe arrangement and spatial
composition of the so-called land mosaic (PIETRZ2B01). The most common ones
include: perforation, dissection, fragmentatiorrjrdtage and attrition of particular portions
or elements of the landscape (FORMAN 1995). Accgrdo OT AHEL (1999), the
analysis of landscape changes is important forassessment of landscape processes,
dynamics of the changes, their causes as wellagpses of further developments.

Landscape structure can be distinguished on thegeld: vertical (mostly on the
topological level), horizontal (chorostructure - e chorological level) and chronological
(chronostructure). Namely the horizontal landscaacture and its changes are in the
focus of the research in landscape ecology. Ti@skzape structure is studied and mapped
on different space hierarchical levels from lowategional and global ones depending on
the scale and purpose of the investigation. We aarestigate both landscape
macrostructure based on summary statistical datarmhuse and land cover and landscape
microstructure based on methods of field mappinginterpretation of airphotos and
satellite images (LIPSKY 2000). Termgandscape macrostructure“and “landscape
microstructuré are used here in the sense defined by KYJOVSKY89). Statistical data
have got only limited spatial links related to #atire territorial units and do not evidence
on the scale of the existing landscape mosaic. cbineept of landscape microstructure is
concisely aimed at the space composition of larmssagments, their mutual relations and
connections as well as individual parameters oglsi landscape components (LIPSKY,
2000).

Another terminological and conceptual approach ugedlandscape typology and
landscape character assessment consists in aediffgion between primary, secondary
and tertiary landscape structure. The primarycstine is determined by natural conditions,
i. e. by geology and soils, geomorphological forpisnatic conditions, natural waters and
natural vegetation. The secondary landscapetsteucs a result of man activities in the
landscape. It can be identified with land use odlaover of the present landscape. Both
primary (natural) and secondary (anthropogenicjidaape structures have got a direct
reflection in the face of the landscape. Especiallgthods of physiognomic landscape
typology and landscape character assessment résait land use and land cover
classifications. Land use as a secondary landsstapeture combined with landscape
microstructure is something like a mirror of thatetof the society. It is a result of the
dominant role of the man in cultural landscapescofparison of the secondary landscape
structure with the primary one is very useful tdedmine the degree of naturalness or
anthropogenic conversion of the landscape. As #wiaty landscape structure we
understand spiritual, immaterial characteristicshef landscape like landscape history and
memory, traditions, cultural and historical evewtsch contribute to the specific landscape
character but have got no direct physiognomic esgioa in the landscape. The chart on the
Fig. 3 shows the increasing dependancy of landscapgponents and structures from
abiotic to biotic and cultural ones. Biotic stuieds are depending on abiotic ones, the
secondary structure is depending on primary one smch as loaded up it. This
methodological approach and mutual dependancy rafslzape components has been in
a simplified form recently applied to compile thewn Pan-European landscape typology
map (MUCHER et al. 2003) as well as in the typolafyhe present cultural landscape of
the Czech Republic (KOLEJKA et LIPSKY 1999; LIPSKYROMPORTL 2007 ).
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Fig. 3: Dependency of landscape components (after MUCHERI. 2003)
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Changesin cultural landscapes

Landscapes and landscape structures are chanditigealime; change is an intrinsic
characteristic of every landscape. It concerns hadlural and cultural landscapes.
BJORKLUND (1996) discusses how to interpret langscas a continuous process of
flows and interactions between natural and humdndad processes. The flows are
forming and permanently changing landscape stra¢durLandscape changes are running
on very different time scales which range from sgisoand minutes to long-term changes
lasting hundreds, thousands and even more year$-{ge4).

Tab. 1: Time dimensions of landscape processes (aftdNEVELD 1995; LIPSKY
2000)

10 6 years geological platform tectonics; biological specigslation
10 5 years macroclimatic processes (glacials, pluvials); depeient of relief
macroforms
10 4 years macroclimatic processes, macrogeomorphology (seeutsion)
10 3 years soil formation and development (podsolisation,ritiftion); geo-

hydrological processes, long-term successions
102to 10 1 years processes of sedimentation (coastal, fluvial);dgalal feedback -
succession after catastrophes and disturbancédsgigial invasions;

forestry

10 -1 to 1 years agriculture, horticulture, urbanization

months biological epidemics (diseases), seasonal clinzatét vegetation
changes, species migrations, gardening, constructi

days to hours catastrophs caused by meteorological extrems $loypghoon,

gale,......), volcanic activity (eruptions); landsis; accelerated soil
erosion and sedimentation
minutes to seconds earthquake; avalanches; rock caving, nuclear eixios
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BRASSLEY (1997) proposed the concept of the ephamkmdscape. Within the
permanent structure of the landscape, the epheneerdécape is more or less constantly
changing. It is undisputable that changes in cagiral technologies produce changes in
agricultural landscapes. Human-induced ephemeraisrally associated with agriculture,
principally because agriculture is the major lars® in Europe. The way of cultivation,
structure of field crops, harvesting methods, wletif grass or corn, methods of livestock
farming as well as other agricultural processeshasen radically altered during last 50
years with concomitant effects on the ephemeraldeape structure. The appearance of the
country side during the corn or hay harvest has lieedamentally changed. Instead of the
lines of stooks which typically covered the corlde often for several weeks in the
summer season and were many times admired bydapespainters and photographers,
bales of straw of different size and shape (depgndon used technologies) are
a characteristic feature of the present agricultiaredscape in the late summer. Thus we
can find numerous landscape features which arenegptat, some natural, some produced
by human activities. BRASSLEY (1997) argues thdtesperal components and ephemeral
changes have a major impact on the appearante ddndscape and on the way in which
it is perceived and valued.

Present cultural landscapes under dominant infleesfcthe man passes through very
dynamic, fast changes in land use and landscapetste. Anthropogenic processes are (in
average) much faster in comparison with the coarsmk speed of the majority of natural
processes. Any change in the society, whichevenaoa, in ownership, technological or
demographic, call up changes in the way of landsagge, in landscape structure and as
a result changes in landscape character, biodiyeestological stability and in the course
of all processes running in the landscape. As slodhanges are all the time faster, also
landscape changes are faster and deeper with igoicaint ecological consequences.

The secondary landscape structure formed by theofisend has changed repeatedly
throughout history, depending on political, econgmiechnological and demographic
changes following development of the society. Viasidypes of cultural landscapes have
got their history of landscape as well as memostiig hundreds and thousands years. The
socialist collectivization of agriculture runningnee 1950ies in the Central and Eastern
European countries was many times presented gucatgxample of the fast and dramatic
landscape structure changes caused by deep ppl#araal and economic changes in the
life of the society. The changes resulted in farcteng negative consequences for the
functioning of the whole landscape system. Durimg transition to a socialist large-scale
production, landscape structure changed rapiolyatds its significant simplification.
Parcels of arable land were unified so as not tanberrupted by meadows, pastures,
scattered greenary and other elements hamperngntiooth cultivation of land. The size
of agricultural holdings was increased 50 timesnhpt of meadows in floodplains were
ploughed and most of the permanent vegetation tstieg in the open agricultural
landscape were removed. During the unificatioppafcels in just one common cadastral
district some 350-400 adult trees were felled aB@023500 m2 of shrubs were cleared
(LIPSKY 1995). The size of agricultural plots arftemicalization in agriculture reached its
maximum in the 1980ies. Now we are wondering thifit25 years ago mountain plains in
the Sumava Mountains were ploughing, grasslanadsiunial floodplains were turning into
arable lands and agricultural research institatédged serious projects how to ,clean up*“
agricultural landscape and remove all barriers $ikatterred greenary, small wetlands and
water withdrawel areas hampering the smooth atitw of agricultural plots using heavy
machines.

We can also find opposite changes with a prevaitingitive environmental effect like
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afforestation and spontaneous successive diswibwdf shrubland vegetation on slopes,
a dispersal of tree stands and wetlands along untethivater streams and on other places
not suitable for heavy mechanization and largeesagticulture. These dispersed sites with
a decreased anthropic pressure as localities fyietwd natural processes have become
a refuge for endangered plants and animals whidke fegced away from intensively used
agricultural lands. Although it seems to be illajcthe area of permanent greenary had
increased during the era of socialist agricultur¢hie landscape (KUBES 1994), while its
structure and quality were shifted from the ideates(LIPSKY 2005).

However, negative ecological consequences higldgdgminate. They have roots in the
dramatic simplification of landscape microstructdiodlowed by a severe reduction of
biodiversity as well as ecological stability oétlandscape. Besides biotic subsystem of the
landscape, the abiotic subsystem was negativelyein€ed as well. The intensity of soil
erosion by water has increased 10 times and anmdeed risk of floods and unbalanced
water régime does not effect agriculture only. Tiaelitional character of the Czech rural
landscape with its small-scale mosaic of patchaeschanged into large-scale landscape of
collective openfields (LIPSKY 1995). Quite diffetedevelopment in the South East
Poland has been caused by keeping of private ohipeins agriculture during the whole
socialist era till the present. The landscape ofamb strip fields corresponding to
traditional small-scale private agriculture is swgtecific in landscape character that it has
been distiguished as one of 30 significant Pan®ein landscape types in the first Pan-
European landscape typology (MEEUS 1995).

At the present time we register very fast landscelpgnges not only in agricultural
landscapes, but locally even in large-scale preteateas . These changes in contrast to the
changes in agricultural landscapes mentioned alaogeconnected with non-productive
functions of the landscape (a strengthening oftspadt recreation functions, new ski-routes
and lifts even in national parks etc.). Urban spramd rapid increase in built-up areas is
one of global problems.

M ethods of monitoring and assessment of landscape macr ostructure

Generally there are many papers dealing with aradysimg landscape structure issues
(e. g. BOTEQUILHA et AHERN 2002; FORMAN 1995; MIKL$1986; O'NEILL et al.
1988; SKLENCKA et LHOTA 2002; TURNER et GARDNER 1991 etcTraditionally
these studies have been split up into studieseo$titucture and dynamics of the main types
of human land use, such as agriculture, forestafembodies, urban built up areas, and the
study of the structure and dynamics of differeqety of land cover with natural and semi-
natural vegetation. Economic geographers in genaral more specifically agronomists,
foresters, urban planners and engineers havewilthe first part, whereas biologists and
landscape ecologists are concerned with the othdr (BRANDT 1999). Recently both
methods converge and complement each other. Thargery common routine method to
follow up changes in landscape macrostructure gusiatistical data on land use which are
usually available per cadastral areas, per distand other administrative units. This
approach is widely practised by human geography¢ iBlet al. 1996) and is suitable for
large areas. But administrative boundaries aretmmtbest from the ecological point of
view because they do not correspond with naturalnteries of catchments or other
landscape units (morphological, biogeographicklpreover the cadastral unit is like
a black-box: we do not know what happened insideeRtly statistical data on land cover
from the uniform CORINE Land Cover database derifemin satellite images are
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commonly used to follow up landscape changes agelareas, optionally on the scale of
the whole countries and regions in Europe (FERANE®&I. 2004).

The research team of human geographers from theeShdniversity in Prague have
built the original digital database of historicahtl use in Czechia. The database contains
data on land use for approximately 13 000 cadasmméb (average area 609 ha), which
were transformed into almost 10 000 basic teratarhits (average area 7 km2). To obtain
a comparability among historical land use data fabfferent sources, originally more than
50 categories of land use were unified and singalifinto seven main categories: 1. arable
land, 2. permanent grasslands (pastures and megd®wgermanent cultures (orchards,
gardens, wineyeards, hopfields), 4. forests, 5.ewsat6. built-up areas, 7. others.
Comparable data are now at disposal for four timézbns: 1845, 1948, 1990, 2000
(BICIK et JELECEK 2003). Original statistical and cartographic neets have been
elaborated to use this database and demonstrédeidas changes in the area of arable and
total agricultural lands, grasslands, forests, thupl areas and other land use categories.
Land use changes in the Czech Republic as a wisoleed as in administrative regions
and landscape units like districts , landscapeeptetl areas and biosphere reserves have
been routinely evaluated by this way (BK et al. 1996). In smaller model areas selected
to cover different developments according to déférlandscape types of the country from
lowlands to mountains and from core areas to periphstatistical data on land use per
cadatsral units are combined with methods of ailédtfield mapping and interpretation of
old maps and aerial photographs. The aim of thearet is to demonstrate regional
differences in historical land use development ddpey on natural conditions,
geographical position, historical and socioeconod@gelopment. Results of the research
achieved by the research team of Czech geographenaged by Ivan Bik were many
times presented and highly appreciated on the riatemal forum (HIMYIAMA et al.
2005). Close co-operation has been developed i€#mral Europe among Czech, Slovak,
Austrian and Slovenian historical, social and emwinentally oriented geographers because
all these countries have identical structure ofohnisal data on land use (statistical data per
cadastral units, old cadastral and detailed mjlitamaps) as a heritage of the common
history under the Austrian Monarchy. Two interoatil conferences focused on the topic
of historical land use changes were organised aguirr. Land Use/Land Cover Changes in
the Period of Globalization. IGU-LUCC Conferenc®@)and Dealing with Diversity.
2nd International Conference of the European Sgdiet Environmental History (2003).
Mr. Ivan Bi¢ik has become the Head of the IGU LUCC (Land Use¢é€€&hange) Working
Group in 2006.

All attempts to calculate a complicated phenomeniogrological stability of the cultural
landscape are based on the proportion of diffdeerd use categories /classes/ in the area
under investigation. Generally, coefficient of exgital stability of the landscape is
formulated as the proportion of ecologically relaty stable (positive) areas like forests,
waters, grasslands and ecologically relatively avist areas (like arable lands, built-up and
disturbed areas, industrial sites etc.). The sstptoefficient of ecological stability after
MICHAL (1992) is counted as:

Kes = S/L

where S is the total area of all ecologically rigkly stable land use categories with

permanent cultures (principle of permanent vegatatiand L is the total area of all

ecologically relatively unstable land use categoriBecause it is very simple, the

coefficient is routinely used in the Czech Republc characterize the area under
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investigation for planning purposes. All catchmentsogeographical regions and
administrative units are characterized by this whlye authors realize shortages of the
method: it is too schematic and can be far from thality which is much more
complicated. The simplicity of the coefficient sasoned by the structure of statistical data
on land use which are at disposal in a unifiednféor the whole state territory and for all
cadastral units. Using this statistical data, itd$ possible to differentiate the quality within
categories because for example in case of foredysame official statistical category of
land use exists. The same is true for waters, nvesdorchards and other basic land use
categories.

A similar basic approach, that is the proportiontted area of different land use/land
cover categories in the landscape under investigathas been used by more authors to
quantify ecological stability of the landscape. Tdngthors seek to reduce the shortages
mentioned above using partial coefficients, for mmpke the coeficient of ecological
importance for different types of land cover (MIKBA1986), or divide ecologically stable
and ecologically relatively unstable areas into enoategories (LOW 1987). Logically
similar but opposite approach has been used B§iBét KUPKOVA (2005) to count the
coefficient of anthropogenic transformation (Ka€Yhe landscape or the index of general
land use changes.

Both types of coefficients - Kes as well as Klaad been also used to document temporal
historical changes in ecological stability of thendiscape and in the grade of its
anthropogenic transformation. But it is a weak poihsuch coefficients that they are not
able to quantitate different ecological qualityasdble lands, grasslands, orchards and other
land use categories in different historical peridtiss simply clear that ecological quality
of intensively used arable lands in modern largdes@griculture with high level of
chemicalization and heavy machinery on large pistsuch worse in comparison with
traditional small-scale agriculture using farmyardanure and horse power, but
a mechanical applications of the above mentionedfictents often demonstrate a paradox
of an increase in ecological stability of the larafse because of an increase in the area of
forests and a decrease in the area of arable lasplscially during last 50-100 years.
Original statistical data on land use (landscaperasructure) are not able to respect
landscape microstructure which is extremely impurtéor landscape processes, its
biodiversity and ecological stability. That is whiye coefficients are not suitable to use
them in historical comparison (LIPSKY 2000) howereny authors do it.

M ethods of monitoring and assessment of landscape microstructure

Landscape ecological research oriented at landstégrestructure has been influenced
by Forman’s concept of landscape structure and deinition of a landscape as
a heterogeneous land area composed of a clusteemafcting ecosystems, embedded in
a matrix of a dominating land use (FORMAN 1995)ntscape is perceived as a mosaic;
landscape ecology is dealing with its structurthensense of spatial arrangement of various
types of land cover, ecosystems and patches wiféreint use. Terms like matrix, patches
and corridors are used as a conceptual apparatisstibe landscape structure elements
and characterize a degree of landscape heterogefr@igmentation or connectivity. On
this conceptual basis it is then possible to foateuh set of characteristics and indicators of
landscape microstructure like landscape diversityr(ber of types of ecosystems or land
cover types), length and density of lines, bouretadnd corridors, porosity and mosaic
character, connectivity and fragmentation of theltcape. A relation between biodiversity
and the structure and heterogeneity of land comdrland use is a central issue of these
studies (BRANDT 1999). That is why landscape ecicllgapproach consists especially in
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the investigation of landscape microstructure, gigetailed topographical and cadastral
maps, airphotos, field mapping etc. There has lbeegxplosion of literature during recent
years concerning biologically oriented studies pétgl ecology linked to island theory,

metapopulation theory and the study of connectivity fragmented landscapes (see
FORMAN 1995; FARINA 1998). Results of the reseanan be retrospectively used in

ecologically oriented assessment of historical tgraent of landscape microstructure as
well as in practical planning of revitalization jeots in landscape.

There are many statistical and analytical methods o investigate changes in
landscape microstructure based on measuring amdlagbn of landscape metrics and
indices. In the last two decades, the rapid deweéop of electronic equipment has enabled
the use of modern quantitative methods (FARINA 19B8RNER et GARDNER 1991).
Some metrics and indices are used only to desardieidual characteristics of landscape
elements, some try to describe the whole pattera laindscape structure. Assessment of
landscape microstructure applies different statistand analytical methods of landscape
pattern analysis (like index of heterogeneity, Stwems diversity index, edge and boundary
characteristics, patch characteristics and measet@3. As it is difficult to describe
a landscape pattern with a single index or metsosa set of metrics should be used. Many
of the metrics can be correlated because all $patsrics are calculated from a limited
number of primary measurements and parameters jjaigh size, shape, edge length,
perimeter-area ratio, interpatch distance). A seleof frequently used metrics is given in
the table 2. A serious question remains how to uatal the metrics objectively and
whether their importance is not overestimated.

Practical application of landscape pattern quigatiion with landscape metrics includes
describing temporal land use changes, future piied& regarding landscape change and
evaluating differences in landscape pattern batwéndscapes (PIXOVA 2005).
Landscape structure changes are increasingly usethanitor changes in landscape
character of different landscape types and to ifjepressures and responses. In recent
years, more countries have developed refined metbgiks in terms of spatial resolution
and policy orientation, resulting in monitoring titape changes. The main goal of the
English project,Countryside Quality Counts“was to obtain better information about
changes in character of English rural landscapeg. édements forming a typical landscape
character of English country side were chosen diators of landscape changes in the
project. forest area, shape of boundaries, agualltland cover, semi-natural stands,
historical artefacts, rivers and further water edets (HAINES-YOUNG et POTSCHIN
2005). Landscape structure is the indicator thanhdst commonly in use and where an
increasing number of techniques (e.g. GIS) are goeleveloped. Satellite images and
methods of statistical analysis are used to s@ledtcalculate the indicators of landscape
structure changes (WASCHER et PEREZ-SOBA 2004).

Remote sensing methods have got an irreplacealdatm to record temporal landscape
changes. The multispectral and multiple spatial @iordata provided by remote sensors are
ideally suited for integration into a geographifoinmation system. The remotely sensed
landscape is multidimensional, multitemporal andtiscaled. Remote sensing attributes
like measurement of spatial properties are sucakgsépplied to analyse landscape
ecological spatial characteristics like shape, ,sipattern, arrangement and texture
( QUATTROCHI et PELLETIER 1992).
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Table 2: An overview of often used landscape structuegrics (after PIXOVA 2005):

Metric
Basic patch characteristics

Fractal geometry
Proportion
Relative richness

Dominance

Shannon evenness
Contagion

Mean nearest neighbour
distance

Proximity index

Description

Patch size, patch perimeter, distance to the neaeeghbour, path
shape, accessibility, isolation of patches

Complexity of element shapes, quantification ofltotamplexity

of the matrix

Proportion of particular land use and land coveéegaries as a
fundamental metric used to calculate many othericsat

Relative richness of land cover types, depends @mtimber of
observed land use types and possible cover types
Determination of dominant land use types

Evenness of attribute classes.

The aggregation or dispersion of elements in adeage

Average edge-to-edge distance between a patchsandarest
neighbour in a landscape

Helpful for setting the isolated patches withinoenplex of patches
or for measuring the isolation of a patch in a gigpecified search
radius;

mean proximity index: average of the proximity irnd all
patches

CORINE Land Cover database represents land cover identified from satellite
images at the original scale 1: 100 000 for years 1990 and 2000. These data layers
allow to identify, analyse and assess landscape structure changes by a unified method
on the European level. Six types of the most important landscape changes were
interpreted as urbanization (industrialization), intensification of agriculture,
extensification of agriculture, deforestation, forestation and other changes (FERANEC
et al. 2004). Next important characteristics afdiscape microstructure significant for
landscape character assessment like fragmentatigm@nness or enclosure of landscape
scenery is possible to derive from satellite insadgeo.

Table 3: Categories of landscape structure indicataftsr (VASCHER et PEREZ-SOBA 20p4

Category

Indicator

1. Patch Density, Patch Size anc Number of Patches (NUMP)

Variability Metrics

2. Edge Metrics

3. Shape Metrics

Mean Patch Size (MPS)

Median Patch Size (MedPS)

Patch Size Standard Deviation (PSSD)
Patch Size Coefficient of Variance (PSCOV)
Total Edge (TE)

Edge Density (ED)

Mean Patch Edge (MPE)

Mean Perimeter/Area Ratio (MPAR)

Mean Shape Index (MSI)

Area Weighted Mean Shape Index (AWMSI)
Mean Patch Fractal Dimension (MPFD)
Area Weighted Mean Patch Fractal Dimension (AWMPFD)

4. Diversity and Interspersion Mean nearest Neighbour (MNN)

Metrics

Interpsersion Juxtaposition Index (1JI)
Shannon’s Diversity Index SDI)
Shannon’s Evenness Index (SEI)
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Potential of satellite images has been well illatstd on the example of the analysis of
landscape structure and its pattern in the lan@so&fhe North-West Greece. 10 categories
of landscape use were identified from the LANDSAEcene. Using statistical analysis in
the Arc View 3.2a. Programme, in total 29 differéatidscape structure indicators were
calculated, from which 17 indicators given in thble 3 were finally used (WASCHER et
PEREZ-SOBA 2004).

Conclusion

Landscapes are very dynamic in structure, functiand spatial pattern. Landscape
changes are running on different time scales, #reyof different magnitude and extent of
changes. Disturbances and changes in landscapes andrinsic factor of their existence
and development. In cultural landscapes the diahab regime is dominated by changing
land use practices. The assessment of changeg ilantdscape and of man interventions
into the landscape does not mean a precariouserdfuisevaluation whether and how the
changes comply with or counteract natural processbsther they affect the landscape
ecological stability and biodiversity negativelyc.e (LIPSKY 2000). Both landscape
ecology and geography have elaborated methodologpgoaches to landscape changes
monitoring and assessment. Focus of the researtdndscape ecology needs to be on
how landscape dynamics interacts with speciesantes in time and space (DUNN et al.
1991). According to FORMAN and GODRON’s (1986) mannciples of landscape
ecology, land use and landscape structure charayesdot a decisive influence on:

- flows of matter and energy in the landscape

- flows (movement) of species and infomation

- biodiversity of the landscape

- landscape character, aesthetics and pescepttithe landscape
- passability of the landscape (for the man)

Landscape changes represent a big issue in theropaotary Europe. Present trends in
developments of the Czech as well as Europeanralliandscapes are characterized by
two antagonistic tendencies of land use: intersdific and extensification. More regional
cultural landscape types vanished during thedastury, some new ones like semi-urban
or hybrid urban, recreation, postindustrial andt@gsar types of landscapes originate at the
present. There are very different opinions of sglests as well as stakeholders concerning
current landscape changes, especially abandoniragridultural lands. The attitudes are
also changing in time according to the developnodérknowledge and new ideas. What is
undisputed, the changes in the land use and lapesstaucture have many relevant
environmental consequences. As every cultural lzaqks is a mirror of the state and
development of the society, there is a great resipiity of the man for the state of the
landscape and its function as well as a possibititimprove them.
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