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The composition and configuration of landscape elements as well as their size and shape
co-determine the character of the flows and processes in the landscape. Using remote
sensing data and landscape metrics, this article sets out to analyse changes in the landscape structure at two different spatial scales, focusing on two study areas in the Czech
Republic in the latter half of the twentieth century. To compute the landscape metrics, Patch Analyst 3.0 software was applied (Sustainable Forest Management Network
and the Centre for Northern Forest Ecosystem Research, Ontario Ministry of Natural
Resources). Considering the number of individual patch types and their degree of diversity over an approximately 50-year time period: 1948–1982–1990–2005 (as well as for
comparison of Patch Analyst results with CORINE land cover data on a larger spatial
scale, 1990–2000), the most sensible approach would be to focus explicitly on analysing
the results obtained through Patch Analyst.
Keywords: land use changes; landscape metrics; small-scale and large-scale; Czechia

Introduction
Methods of landscape ecology that quantify the composition and configuration of landscapes have begun, in recent years, to be utilized in landscape ecology and geographical
studies written by European authors (e.g. Gustafson 1998; Lausch and Herzog 2002;
Fuente de Val, Atauri, and Lucio 2006). There are a growing number of specifically focused
software products and mathematical programmes (e.g. Fortin 1999; Pearson, Turner, and
Urban 1999; Turner, Gardner, and O’Neil 2001; Gergel and Turner 2003), and more
and more landscape metrics are appearing (Botequilha Leitao and Ahern 2002). The
patch–corridor–matrix paradigm (Forman 2003) serves as the theoretical basis for these
calculations. Though widespread, it is limited to models of complex landscapes, as shown
by Blaschke (2006).
Corry and Nassauer (2005) define landscape metrics as aspects of the horizontal
composition of landscape through which it is possible to evaluate and compare quantitative parameters of the composition and configuration of landscape structure over time
or even assess scenarios of its future development or its alternative states. Dunn, Sharpe,
Guntenspergen, Stearns, and Yang (1991) and Gustafson (1998) use these metrics to characterize different areas and quantify changes in the structure of landscape and find them
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a useful and important tool for applying landscape ecology models to landscape planning, since they describe both the composition and configuration of landscape elements.
Landscape elements may be perceived in different forms, for example, as biotopes, habitats or more general and complex land cover classes or, in our particular case, as land use
categories (Iovanna and Vance 2007; Olah, Boltižiar, Petrovič, and Gallay 2007; Aspinall
and Hill 2008; Kusimi 2008). The great value of landscape metrics consists in their ability
to compare alternative configurations of the same landscape, compare the same landscape
over different time periods or compare quite different landscapes monitored using the same
method, in the manner of, for example, Lindsey, Wittman, and Rummel (1997) or Pearson
et al. (1999). They provide a descriptive spatial value for a limited set of separate objects.
Their use is, however, rather less suitable for continuous processes, as Blaschke (2006)
stresses. Despite their limitations, landscape metrics are being employed with increasing
frequency (Palang and Fry 2003; Green, Klomp, Rimmington, and Sadedin 2006; Hong,
Nakagoshi, Fu, and Morimoto 2007; Kienast, Wildi, and Ghosh 2007; Naveh 2007).
Elsewhere, Blaschke (2003) refers to the ongoing debate over the import of landscape
metrics. Haines-Young (2000) gives a critical interpretation of the quantitative application
of the Forman concept, doubting that there is such phenomenon as an optimal configuration
of patches and corridors. In his view, every landscape can be perceived as unique, with
a specific spatial structure and unrepeatable configuration of landscape elements. In our
view, the purpose of landscape metrics and similar quantifications of spatial structure is
not to search for an optimal configuration of landscape elements, but rather to provide new
information on a particular landscape. The new information thus acquired, together with
the proven consequences of such information on similar landscapes, has a value of its own.
Spatial scales
In this study we performed large- and small-scale analyses on landscapes in the Czech
Republic. The small-scale analysis includes two study areas situated along the Czech–
German border (the north-western part of Czechia): the Petrovice and Třebenice areas
(Figure 1, Table 1). The north-western part of Czechia was in the past a barometer to
measure fundamental changes in the development of the Czech landscape. The changes
were mostly brought about by industrialization and urbanization processes that have caused
ecological problems as far back as the Saxon towns of the mid-nineteenth century.
The first area, Petrovice, is a border area lying north-west of the city of Ústí nad
Labem. This region (6420 ha) is mountainous (average altitude 650 m above sea level),
situated as it is in the Ore Mountains (Krušné hory) where dynamic development until
the end of the nineteenth century was studied. Its subsequent stagnation – both economic
and demographic – after the Second World War resulted in markedly regressive trends
that have changed not only the function but also the character of the landscape. The Ore
Mountains (179,790 ha) are a mountain range forming a natural border between Saxony
in Germany and the Czech Republic. Their name in both Czech and German reflects the
iron ore deposits found there. The mountain range runs along the border between the two
countries for 150 km. The second study area is Třebenice (3610 ha), an intensively agriculturally exploited landscape with alternating plots of fields, orchards and tiny stands of
trees (Lower Oharian Table – Dolnooharská tabule and Bohemian Highlands – České středohoří). From the north, Třebenice is penetrated with steep slopes of volcanic sedimentary
complex of Bohemian Highlands. Warm and dry climate at altitude about 250 m above sea
level, together with a potential of fertile black soil, creates the preconditions for intensive
agricultural use. The Polabí region (714,140 ha) is the traditional and informal designation of the low-lying territory in Central Bohemia stretching along the River Elbe (Labe).
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Figure 1. The Petrovice and Třebenice study areas, within the Ore Mountains, the Lower Oharian
Table and the Bohemian Highlands.
Table 1. Comparison of the basic characteristics of the study areas (as of 2005).

Area (ha)
Population density per km2
Minimum altitude (m)
Maximum altitude (m)
Arable land (%)
Orchards (gardens) (%)
Meadows and pastures (%)
Woodland (%)
Water (%)
Built-up areas (%)
Other areas (%)

Petrovice region

Třebenice region

6425
24
425
765
14
0
43
32
0
1
10

3608
111
160
481
60
9
7
12
1
2
9

Here the landscape function has remained stable throughout its whole development. The
Bohemian Highlands (130,550 ha) boast picturesque landscape panoramas of cone-shaped
mountains which were shaped by tertiary volcanic activity and are truly characteristic of
the region.
Two study areas (in small-scale analyses) represent ‘mountain periphery’ (Petrovice)
and ‘intensive agricultural area’ (Třebenice) as the major landscape types in the Czech
Republic. Both areas are parts of larger geomorphological units (Ore Mountains and
Bohemian Highlands, and Polabí region).
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Methods
To quantify landscape structure (small-scale analysis) through FRAGSTATS (McGarigal
and Marks 1994), four sets of aerial photographs were used (the Petrovice and Třebenice
areas: 1948, 1982, 1995 and 2005). The aerial photos were digitized with a photogrammetric scanner into TIFF format at 1500 dpi resolution. The orthophotomap was generated by
scanning the aerial images at an accuracy of 14 µm, which amounts to approximately 1800
dpi. For the orthorectification of the processed images, we used Leica Photogrammetry
Suite software (Leica Geosystems Geospatial Imaging, ERDAS, Aarau, Switzerland).
ERDAS Imagine software (Earth Resource Data Analysis System, ERDAS, Atlanta, GA)
then enabled the complete processing of remote sensing data into the photo mosaic. The
individual categories of land cover were assessed according to the following interpretation key: woodland, arable land, meadows and pastures, built-up areas, water, gardens and
orchards and other areas (transitional woodland-shrub, mining areas).
The minimal vector unit and the aggregation of vectorized images were set uniformly
to 500 m2 , 1:5000. Using minimal mapping units of varying sizes and scales would have
significantly distorted the results of comparisons between different study landscapes or the
same landscape over different time periods (Quattrochi and Pelletier 2001; Johnson and
Patil 2006).
To compare trends (large-scale analysis) in landscape metrics between 1990 and 2000
in the study areas with those in larger areas – the Czech Republic, the Ore Mountains,
the Bohemian Highlands (including its sub-parts: the Verneřické and Milešovské ranges)
and the Polabí region (the River Elbe lowlands) – data from the CORINE database were
used in the following categories: 1xx (built-up areas); 211 (arable land); 222 (gardens and
orchards); 231 (meadows and pastures); 243, 321, 324 (other areas); 311, 312, 313 (woodland); and 512 (water). The CORINE database is used for the computation of landscape
metrics, for example, by Krönert, Steinhardt, and Volk (2001), as well as by the European
Commission (EC; 2000). In the CORINE database the surface area of the smallest unit
mapped is 25 ha (scale 1:100,000).
To compute the landscape metrics, Patch Analyst 3.0 software, which is a modified
version of FRAGSTATS, was applied. FRAGSTATS is currently used by a number of
landscape ecologists in their research (e.g. Gustafson 1998; Krönert et al. 2001; Li, Lu,
Cheng, and Xiao 2001; Botequilha Leitao and Ahern 2002; Lausch and Herzog 2002;
Moser et al. 2002; Gergel and Turner 2003; Corry 2004; Weaver and Perera 2004; Abdullah
and Nakagoshi 2006; Blaschke 2006; Baskent and Kadiogullari 2007; Weng 2007). As an
extension of ArcView, Patch Analyst is able to provide data on landscape patterns that
are based on the composition and configuration of landscape elements (through polygonal
shapes). The landscape metrics were computed for the landscape as a whole (landscape
indices) and for polygons with selected identical attributes (particularly woodland, meadows and arable land), that is, for patches of a particular type (class indices). We investigated
the following (McGarigal and Marks 1994; EC 2000): (1) class area (CA) is a measure of
landscape composition, specifically, how much of the landscape is comprised of a particular patch type; (2) number of patches (NumP) of a particular patch type may affect a
variety of ecological processes; (3) patch density (PD) is a limited, but fundamental, aspect
of landscape structure; PD has the same basic utility as number of patches as an index,
except that it expresses number of patches on a per unit area basis that facilitates comparisons among landscapes of varying size; (4) mean patch size (MPS) at the class level is a
function of the number of patches in the class and total CA; in contrast, PD is a function
of total landscape area; at the landscape level, mean patch size and PD are both a function
of number of patches and total landscape area; (5) total edge (TE) is an absolute measure
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of total edge length of a particular patch type (class level) or of all patch types (landscape level); (6) edge density (ED) standardizes edge to a per unit area basis that facilitates
comparisons among landscapes of varying size; (7) mean shape index (MSI) measures
the average patch shape, or the average perimeter-to-area ratio, for a particular patch type
(class) or for all patches in the landscape; (8) area-weighted mean shape index (AWMSI)
of patches at the class and landscape levels by weighting patches according to their size;
(9) mean patch fractal dimension (MPFD) is based on the fractal dimension of each patch;
(10) area-weighted mean patch fractal dimension (AWMPFD) at the class and landscape
levels by weighting patches according to their size, similar to the AWMSI; (11) Shannon’s
diversity index (SHDI) is based on information theory (Shannon and Weaver 1949); information is a somewhat abstract mathematical concept that we will not attempt to define; the
absolute magnitude of Shannon’s diversity index is not particularly meaningful; therefore,
it is used as a relative index for comparing different landscapes or the same landscape at
different times; (12) Shannon’s evenness index (SHEI) describes the evenness component
of diversity by controlling for the contribution of richness to the diversity index; evenness
is expressed as the observed level of diversity divided by the maximum possible diversity
for a given patch richness.
As a variant of FRAGSTATS, Patch Analyst is one of the easier to use tools in the
ArcView environment. Even so, if we want to utilize the software to process data in vector
format, its application requires many hours of work consisting of the orthorectification,
vectorization and interpretation of aerial images or orthophoto images. To ensure the maximum validity of Patch Analyst output in this phase of the work, the optimal solution is that
the data processing is carried out by a single individual, since in this way we can ensure
that a given image is interpreted in a consistent fashion in different situations, and with
different study areas and temporal periods. The interpretation of images is repeatedly verified; polygons smaller than the specified minimal mapping unit are linked; and only those
patches that are actually visually separated by a fragmentation line are left separate.
Despite the great effort required, the use of Patch Analyst in the investigation of multitemporal changes of landscape structure is a valid contribution and one well worth the
effort. Abdullah and Nakagoshi (2006) stress that land use evaluation more often than not
ignores the nature of the spatial composition and the configuration of landscape elements. It
is precisely in this area that metrics provide complementary information on the landscape.
Large-scale analysis of land use changes
The results obtained through Patch Analyst and the data provided by the CORINE database
over the period of approximately 1990–2000 in the large-scale areas show the following:

• Both SHDI and SHEI values are currently higher compared to 1990 both in the
Czechia as a whole and the Bohemian Highlands, the Milešovské and Verneřické
ranges, while in the Polabí region these parameters remain unchanged and in the
Ore Mountains region the Shannon diversity index and evenness index parameters
decreased slightly. In the predominantly agricultural, intensively cultivated region of
the Polabí, land use has not changed very much, thus the trend is zero and absolute SHDI and SHEI values are not high. Similarly, in the naturally forested area
of the Ore Mountains, woodland growth predominates (woodland percentage is in
excess of 50%) and is still increasing. In addition, there are five fewer land cover
classes represented compared to the Polabí region and therefore SHDI and SHEI are
even lower. In the Bohemian Highlands and the Milešovské range, SHDI and SHEI
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values and their increase are comparatively high. This may be attributed to their considerably higher evenness (as is also demonstrated by SHEI values) despite a lower
number of land cover classes (Polabí region 25, Bohemian Highlands 21, Milešovské
range 20 and the Verneřické range only 17). The evenness (SHEI) value, however,
remains high. In the Czech Republic as a whole, 28 land cover classes were mapped,
and this number contributes towards the high SHDI and SHEI values. Given the shift
of patches from the highest represented category, that of arable land, into the categories of meadows and pastures, woodland and others, the SHEI value indicating the
evenness is increasing.
• In the fertile lowlands of the Polabí region, areas of arable land that are on the whole
three times larger compared to, for example, the Milešovské range (and twice as large
than in Czechia as a whole) prevail. MPS decreased in all natural areas, including
that of the Polabí, with the exception of the MPS of Czechia as a whole (Bičik and
Jeleček 2005). The density of arable land patches decreased, its lowest level being
in the Ore Mountains, while it was three times as high in the Bohemian Highlands;
twice as high in Czechia as a whole; and highest of all in the Polabí region, where it
remained unchanged. The total edge length and its density follow in their change the
very dynamic drops in the total area of this category as well as in the number of individual patches in the range region and the Ore Mountains. In the Polabí region the
values remained approximately constant. MSI decreased in all areas without exception, which signifies a simplification in edge shapes of patches defined as arable land,
in the category of intensively cultivated agricultural land.
• The category of woodland is further subdivided in the CORINE database into
broadleaved forest (311), coniferous forest (312) and mixed forest (313). In Czechia,
despite the increase in the total area of all three categories, the number of individual patches of category 311 and 312 decreased. The number of patches of category
313 remained the same. MPS went up in all cases (its greatest increase – 11% –
was in category 312). The total area increase in category 313 is in the case of the
Ore Mountains due to both the increasing number of patches and their mean size.
In the Bohemian Highlands and Milešovské range, NumP and MPS in categories
311, 312 and 313 remained almost unchanged, with a downward tendency for NumP
and an upward one for MPS (a similar situation as in the Polabí region). TE and ED
landscape metrics in the forest categories of land cover register a slight decrease in
the 10-year study period in both Czechia and the Polabí region. In the Bohemian
Highlands, the Milešovské and Verneřické ranges, categories 311 and 313 in the TE
and ED values show a slightly upward trend, while category 312 is stagnant in both
metrics for the ranges. In the Ore Mountains region the edge length delineating areas
of deciduous and mixed forest went up, which also resulted in an increase in their
density. In contrast, in the case of coniferous forest areas, the edge length and density
went down by 5%.
• When applied to the CORINE database in category 231, meadows and pastures,
the Patch Analyst results reveal a high degree of similarity in the individual natural areas. The area increase, which more than doubled between 1900 and 2000, is
related to the one-third increase in NumP and more than 50% increase in MPS. In
the Milešovské range the number of meadows and pastures increased three times,
and MPS by 25%. In the Ore Mountains it is primarily MPS that increased (twofold)
compared to a mere 10% increase in NumP. Similarly, MPS increased threefold in
the Verneřické range while NumP rose ‘only’ by 40%. The comparative increase in
MPS and NumP is lowest in the Polabí region. The highest PD, however, is found
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in the Verneřické range and the Ore Mountains, while in the Milešovské range area
it is a third lower and a half in Czechia as a whole. The development of TE and
ED follows the increasing trend of PD. TE and ED went up twofold in the meadows
and pastures category for Czechia, almost twofold in the Ore Mountains, more than
three times in the Verneřické range area and four times in the Milešovské range.
In the Polabí region, the change is not very marked, with ED and TE. The steepest increase in MSI and AWMSI was recorded in the Verneřické range area, where
these values were the highest in absolute terms compared with the other areas. The
topographical characteristics of the individual study areas once again reveal their
decisive role, with the simplest area shapes found in the least diversified relief of the
Polabí region.
• In category 324, transitional woodland-shrub, MPS is the lowest in comparison with
the other CORINE categories, while the overall decrease in area size in all the study
areas is determined predominantly by the falling number of patches (NumP). As
far as landscape composition in general is concerned, that is, the configuration and
quantitative parameters of the structural elements of the landscape as a whole, in
Czechia there was a decrease in NumP and consequent decrease in PD, while MPS
went up by 3%. TE and ED did not go down only because of the decrease in NumP,
but also due to a fall in MSI. In the (mountainous) ranges the trends are inverted.
In the study period the total number of patches in the Verneřické and Milešovské
ranges increased. Their mean size thus decreased while the density increased. The
shape indexes show also a downward trend, AWMSI in particular (down by 14% in
the Milešovské range). In the Ore Mountains the trends manifested by the individual
metrics are identical to those for Czechia as a whole, though with a higher intensity.
For the Polabí region, where agriculture is intensive and code 211 categories predominate,
the hypotheses of stable landscape use and low landscape character change were confirmed.
The overall number of patches changed by less than 1%, as did mean patch size and density. As a consequence, the overall edge length and ED remained stable, even though MSI
decreased by 1.5% (while AWMSI increased only very slightly). The other metrics stagnated. The comparison of other landscape metrics (PD, FD and shape index) for the year
2000 also brought forth valuable information. PD was the highest in the Verneřické and
Milešovské ranges (it was one-third lower in the Ore Mountains, and for Czechia as a
whole it was less than a half lower), whereas it was the lowest in the Polabí region. ED of
all patches was the highest in the Verneřické range area; it was 14% lower in the Milešovské
range area, 19% lower in the Ore Mountains, 28% lower in Czechia as a whole and 46%
lower in the Polabí region (Balej and Anděl 2010). Shape indices reveal that the most complex patch edges are found in the Verneřické range area, followed by the Ore Mountains,
Czechia, the Milešovské range and finally the Polabí region.

Small-scale analysis of land use changes
Considering the number of individual patch types and their degree of diversity over an
approximately 50-year time period: 1948–1982–1990–2005 (as well as for comparison
of Patch Analyst results with CORINE data on a larger spatial scale), the most sensible
approach would be to focus explicitly on analysing the results obtained through Patch
Analyst from the three major land use categories: woodland, arable land and meadows and
pastures – as well as overall results, which implicitly include all patch types. Subsequently,
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the following conclusions regarding the landscape as a whole, forest patches, field patches,
and meadow and pasture patches can be formulated (Table 2):
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• A compensating factor, which works against the influence of NumP, MPS and PD,
is the contrasting development of shape index. In the first period MSI increased
slightly, and then stagnated, subsequently resulting in simplified shapes in the
Petrovice area.
• Forest patch landscape metrics developed relatively differently in the study areas
based on the existence and expansion of small patches, small clusters of trees or distributing floodplain vegetation and riverine woodland. Small and large forest patch
shape complexity increased, most likely as the result of expanding larger forest
patches, but also through expansion of narrow, elongated patches and by means of
the natural process of succession which caused the creation of small forest patches.
Total forest patch edge increased greatly, as a consequence of increasing shape complexity and, in the last period, decreasing MPS and increasing NumP and forest patch
PD.
• Patch Analyst analysis of field patches resulted in the most similar findings for
the study areas. Current field research indicates that the actual number of fields
is very small and is approaching 0. In the earliest time period, collectivization in
the Třebenice area resulted in a radical reduction of NumP, which was, however,
followed by a small growth in the number of field patches (evidently a result of
restitution and the renewal of cultivating smaller, previously privately held areas of
land). At first, PD in the Petrovice area decreased very sharply, and then slightly or
even negligibly (without exceeding the 4% limit); this was not only a result of the
elimination (through confiscation by the state) of privately held and cultivated fields
located on terrain unsuitable for heavy mechanization but also through the process
of field consolidation. In the first period, MPS in all study areas grew very radically
as a result of collectivization, decreasing slightly after the land was returned to private owners. In the Petrovice area, the average field size in the third period declined
significantly again, which can be attributed to the dramatic reduction in the number
of field patches and the survival of only several smaller areas cultivated by private
farmers. Currently in the Třebenice area MPS and the number and density of field
patches are not changing very much. Shape indices (MSI and AWMSI) revealed a
tendency towards shape simplification, although this is not very intense.
• Meadow and pasture patch landscape metrics changes did not differ as much in their
tendencies as they did in intensity. In the first period, the number and density of
meadow and pasture patches declined greatly. With the exception of the Petrovice
area, where the average meadow and pasture patch size grew minimally by less than
4%, in the Třebenice area MPS increased significantly. Small pastures and small
mown meadows used by private farmers were replaced by intensively used pastures
or were abandoned and left to succession. Average size in the Petrovice area also
grew slightly in the second period, as neighbouring fields were abandoned and indivisible meadow and pasture areas were formed. In the Třebenice area, meadow and
pasture MPS decreased slightly during the second period – most likely as the result
of land being returned to private farmers and being used as mown meadows for their
own use. In the third period, MPS in all study areas decreased slightly, as expanding forest habitat corridors and small forest patches gradually divided up the area
of meadows and pastures. The development of the area-weighted patch shape index
indicates a simplification of meadow and pasture patch shape during the first period,

Meadows

Arable land

Woodland

Landscapea

Meadows

Arable land

MPS
66.7
8.3
−59.9
35.1
−3.1
−27.6
124.7
−4.8
−63.6
−0.9
7.3
−68.8
169.8
−3.4
4.7
−3.8
52.0
−54.9
368.3
−13.3
1.8
60.2
−16.3
−17.7

PD
−40.0
−7.6
149.2
−4.1
4.2
60.8
−59.4
−55.7
1.6
−17.0
5.5
247.1
−62.9
5.3
−3.4
−8.3
−7.3
87.5
−79.6
5.7
3.9
−36.2
8.2
−3.8

−15.1
−0.4
16.6
34.1
10.7
20.0
−35.7
−58.0
−51.1
−14.2
5.7
6.7
−40.6
11.8
−13.1
7.5
25.6
76.6
−63.7
14.6
6.8
−19.6
5.6
−4.6

TE
−15.1
−0.5
16.5
34.1
10.6
20.0
−35.7
−58.0
−51.1
−14.2
6.6
7.7
−40.7
11.6
−12.9
7.4
25.5
77.0
−63.7
14.4
7.1
−19.7
5.5
−4.5

ED
12.0
−4.1
−17.4
4.0
3.8
−2.9
−5.8
−7.1
−8.9
−0.3
2.7
−7.7
12.4
−2.4
−4.9
33.4
12.8
5.7
−7.9
−14.1
1.6
5.1
4.7
−10.2

MSI
5.5
12.1
33.9
19.4
7.8
47.2
1.9
−4.2
−0.6
−8.0
8.7
6.4
13.3
6.9
−3.1
42.5
19.7
0.2
−4.5
−7.5
2.7
−5.5
2.6
9.1

AWMSI
−0.5
0.8
0.8
0.3
−2.1
2.3
0.4
−2.8
3.6
−2.4
1.8
−4.5
1.4
−5.4
0.8
−9.8
−2.0
2.9
4.1
−7.8
1.2
−0.5
0.8
−0.6

MPFD
−0.3
0.9
1.5
1.5
0.5
2.2
−1.6
−1.3
0.8
−0.6
2.3
1.8
−2.7
0.8
−0.1
3.9
0.4
0.7
−4.4
0.2
0.8
−1.3
0.3
1.7

AWMPFD

38.7
3.4
−7.9

10.9
−4.9
−4.5

SHDI

38.7
3.4
−7.7

10.9
−6.9
−5.5

SHEI

Notes: The numbers in the table indicates a change of each landscape metrics between the two time horizons (1948/1982, 1982/1990, 1990/2005) according to sample 100∗ (LM2–
LM1)/LM1, where LM1 is the landscape metric in the first time horizon and LM2 is the landscape metric in the second time horizon. LM, landscape metric; PD, patch density;
MPS, mean patch size; TE, total edge; ED, edge density; MSI, mean shape index; AWMSI, area-weighted mean shape index; MPFD, mean patch fractal dimension; AWMPFD,
area-weighted mean patch fractal dimension; SHDI, Shannon’s diversity index; SHEI, Shannon’s evenness index.
a Landscape means all land cover classes together.

Třebenice

1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005
1948/1982
1982/1990
1990/2005

Landscapea

Petrovice

Woodland

Years

Class

Small-scale analysis of horizontal landscape structure through selected landscape metrics using aerial photographs.

Study area

Table 2.
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and increasing occurrence of complex shapes of large patches in subsequent periods.
This was arguably caused by expanding patches of forest transition stages, woodland
and the floodplains of small streams, as these types of areas are not used intensively.
On average the shape index increased slightly or stagnated in the first two periods
and then slightly decreased in the last period. These trends may have been caused by
formerly cultivated meadows on sloped terrain being abandoned and subsequently
overgrown by pioneer plant species from neighbouring, expanding forest patches
or transitional forest patches, with their shapes becoming more complex in the
process.
In the study areas NumP, PD, MPS and ED indicate the influence of agricultural land
consolidation on the small-scale level. The decrease in total NumP and the NumP of prevailing field patches, in combination with the transformation of many field patches into
meadows and pastures or transitional woodland-shrub areas (and in some cases eventually
forest patches), is an important factor in the initial growth and subsequent slight decrease
in SHDI and SHEI. The diversity of the Petrovice area’s landscape in the eastern part
of the Ore Mountains is lower, and therefore the presence of individual land use categories is more balanced, with forest patches less dominant. The agricultural Třebenice area
registered the lowest values of the measured metrics due to the dominance of one single
category. Shape indices point to a strong role of the relief and the presence of anthropogenic, artificial, geometric (straight) boundaries. More complex shapes arose as sloped
positions were abandoned, and unlike the regular, rectangular cultivated fields or meadows,
the patch boundaries became subsequently ‘topographic’ and less regular. The lowest PD
and shapes indices and the highest MPS were therefore found in the agricultural Třebenice
area, where large geometric shapes dominate, especially field patches. Forest patches are
the most irregular and most complex in terms of complexity of their shapes in comparison
to those of other land use categories. With previously used land abandoned and the progression of succession in evidence, we find that shape complexity tends to grow, both in the
case of expanding large or narrow or elongated forest patches and smaller, newly formed
patches, clusters of trees that overgrow former meadows and pastures. An identical trend
can be found in both study areas, especially during the last time period, when the number
and density of patches and edge length and density increased, whereas the mean forest
patch area decreased. Within the microstructure of the study areas, the consequence of the
gradual transition of previously cultivated land to marginalized, abandoned areas of forest
growth in areas less suitable for agriculture, and also the consequence of the targeted creation of ecological networking, that is, creating heretofore missing local habitat corridors
along small streams, drainage canals and field boundaries in the predominantly agricultural
areas, thus comes to light. Of all patch categories, field patches registered the lowest values
for all shape indices in the study areas. Patches from this category have the simplest shape
(usually rectangular) and reveal anthropogenic effects leading to the geometrification of
the compositional elements of the landscape’s horizontal structure, which makes the land
easier to cultivate. The area suitable for crop production (Třebenice), with its relatively
low and medium altitudes, has a higher MPS, PD and ED field patch values in comparison with the Petrovice area. The variability of landscape metrics for arable land is closely
related to the collectivization, land consolidation and abandonment of formerly cultivated
land diversified terrain, as well as with the later division and restitution of agricultural
land to its original owners in the 1990s. The owners generally continued using this land
for fields in suitable areas; in less suitable areas, with the help of state subsidies, it was
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converted into different categories. In the Třebenice area, these driving forces resulted in
a decrease in NumP and PD, and an increase in MPS for arable land patches, during the
earliest period (Figure 2). In the Petrovice area NumP, PD, MPS, TE and ED of arable land
patches constantly decreased. Meadow and pasture patches underwent a similar development in the first period; the number of patches and their density decreased and their mean
area increased. Small privately cultivated meadows and pastures were consolidated into
larger, more intensively farmed units during the collectivization or, in less suitable areas,
were abandoned. In the following periods in the Petrovice area, the number and density of
meadow and pasture patches went up with the division and restitution of land to private
farmers and with the conversion of many areas of arable land into meadows and pastures.
The mean area in the Petrovice area continued to grow particularly due to the lack of
significant fragmentation lines between neighbouring areas of meadows and pastures. In
the last period, expanding forest patches, narrow, elongated patches and habitat corridors
brought about a slight decrease in meadow and pasture patch mean area. Shape indices
tended to increase, especially the weighted shape index, which may have been accounted
for by expanding neighbouring forest areas or patches in various stages of succession and
the increasing percentage of smaller, irregularly shaped patches, groves, clusters of trees,
linear woody vegetation and so on.

(a)

(b)
1948

2005

Woodland
Arable land
Meadows and pastures
Shrubs
Built-up area
Water
Mining area
Orchards

N

0

1

3 km

2

N

0

1

3 km

2

1948

(c)

2005

(d)

N
0

1

2

3 km

N
0

1

2

Petrovice
Woodland
Arable land
Meadows and pastures
Shrubs
Built-up area
Water
Mining area
Orchards

3 km

Figure 2. Land use in the mountainous Petrovice area and in the lowland Třebenice area in the years
1948 and 2005. (a) Třebenice 1948, (b) Třebenice 2005, (c) Petrovice 1948, (d) Petrovice 2005.
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Conclusions
The CORINE database does not capture individual pieces of land, meadows and pastures as
different polygons divided by paths, roads, railroad tracks, small streams or narrow forest
habitat corridors. It regards arable land and meadows as a continuous entity with a large
measure of generalization. The reason for using the CORINE database is different. It is
often cited in many published results of landscape metrics on the regional, national and
even higher levels (e.g. EC 2000). Sometimes these are transferred to a lower level and it is
precisely these findings (their transferability from one scale to another) we want to discuss
and critically examine.
It can be claimed that, based on the above-mentioned results, CORINE offers an image
of landscape macrostructure for both select units and for Czechia as a whole. It does not
take into account the arrangement and characteristics of each individual piece of property,
patch or corridor, because it understands landscape elements (land cover classes) as, to an
extent, generalized areas of fields, woodland, built-up areas, meadows and pastures and so
on. The Patch Analyst application imposes other parameters on these data regarding the
polarization of areas with intensive agriculture on one hand and marginal, abandoned and
unused land on the other hand. There emerges a certain trend of spatial macrohomogenization of landscape structure. Trends in changes in shape, size, number and area density of
individual types of land cover (especially arable land, forest and meadows and pastures)
are analogous in the natural areas of the Ore Mountains and the Verneřické and Milešovské
ranges. In Czechia as a whole, overall spatial macroheterogeneity is decreasing (including
woodland), area shapes are becoming simplified and are increasing (as is usually cited in
literature on the subject; e.g. EC 2000; Krönert, Steinhardt, and Volk 2001). There are of
course differences. For example, the Bohemian Highlands shows increased NumP and PD
and decreased MPS. Intensive agricultural land use areas vary only slightly (in landscape
metrics as well) and receded to areas where natural parameters are optimal for crop production. They are becoming in their borders increasingly close in this ‘scale’ of the view of
the horizontal landscape structure to their landform or physical features, that is, irregularly
demarcated areas at low and medium elevations (this is probably why AWMSI went up in
Czechia and the Polabí region). The relief factors presented (especially the diversification
of the landforms) proved to have a strong influence on increasing PD, ED and shape indices
and decreasing MPS.
In contrast to CORINE, the Patch Analyst outputs from aerial photographs reveal
landscape microstructure parameters at the small-scale levels. The vectorization of aerial
photography is based on clearly determinable fragmentation lines (such as paths, roads,
streams, corridors, property boundaries) which separate tracts of land, or rather, different
types of patches. In this way changes in microheterogeneity and microhomogeneity are
identified and supplement the overall image of the landscape mosaic’s characteristics, or
changes in select indicators of spatial arrangement and the quantitative parameters of their
compositional elements. Considering the need for a detailed view on a large cartographic
scale, the landscape microstructure can be captured well by aerial photography. Overall,
in the landscape microstructure there are more forest habitat corridors, small clusters of
trees, individual trees, linear woody vegetation and scrub growing along both built-up and
non-built-up roads, vegetation on stream and river banks, thus creating a specific floodplain
environment, expanding source forest patches and abandoned meadows in various stages
of succession. Thus, the given natural conditions, such as diversity of landforms, altitude or
the presence of water environment in the landscape, came to exercise a greater influence on
landscape metrics. Landscape microstructure analysis also revealed that in environments
with less variable natural conditions which were suitable for intensive crop production,

Downloaded by [Martin Balej] at 22:54 13 February 2012

Journal of Land Use Science

13

changes tended to be far less noticeable than in areas less suitable for intensive agriculture.
The variability of the landscape mosaic compositional elements became less pronounced
as small forest patches breaking up large areas of meadows and pastures gained in number. Patch shapes were generally simplified, with the exception of forest patches and the
area-weighted shape indices of meadows and pastures and woodland, where shapes became
more complex as a result of the expansion of smaller areas and the natural expansion of
woodland to abandoned landscape (e.g. Palang, Mander, and Luud 1998; Palang et al.
2006).
Forman and Godron (1986) compared six territories in terms of the size, number, density and shape of their woodland enclaves. They formulated conclusions regarding the
strong correlation between landscape metrics and topographic parameters. Flat plains with
low terrain diversity are characterized by low forest coverage and a small number of game
refuges and wood species groups. On the contrary, hilly areas are characterized by the
presence of forest enclaves with diverse shapes, high overall forest coverage, high density,
significant differences in the median and the average size of the enclaves and a distinct
variation coefficient, as well as standard deviation of the size of the enclaves. The same
correlations appear to be valid for the geographical conditions of the Czech Republic.
Sklenička and Lhota (2002) studied changes in the landscape structure of two model
territories with two comparative (square-shaped) patches each covering an area of 1400 ha.
They monitored changes in the landscape metrics: ED, MPS, relative NumP and the landscape heterogeneity index. Our results are also in line with the conclusions of Sklenička
et al. (2001), an article providing an analysis of the agricultural landscape structure in the
Louny area at 10-year intervals between 1938 and 1998. The average area of the landscape
elements and the average matrix (arable land) area grew until 1948 and then rapidly from
1968 onwards, reaching a peak in 1988, when they began to fall. The contrary is true in
the case of such parameters as the percentage of permanent landscape structures, the total
number of landscape elements, the length of the active edges (the matrix vs. the other
landscape structure elements), the number of matrix areas and the landscape heterogeneity
index; initially, all the indicators decreased steadily, reaching their lowest levels in 1988,
when they began to rise again. The authors note that the most significant decrease in the
spatial diversity of the Czech landscape occurred between 1958 and 1968.
In general, it can be noted that woodland and unforested green areas are increasing and
biocorridors are being linked up to each other. Grants from the Ministry of Agriculture and
the Ministry of Environment of the Czech Republic have a major impact on these territories. The cultivated areas of arable land are diminishing dramatically. The results gained
by applying the method of evaluating the changes in landscape use by means of vectorized
aerial photography confirm that probably no major changes are occurring in the (productive) agricultural areas. The productive and residential functions of the cultivated landscape
will remain dominant. However, this will include opportunities (e.g. through the landscape
care programme and EU funds) for the revitalization of river systems and for a gradual
shift in our understanding of arable land towards a view of arable land as a specific type
of biotope (Sklenička 2003). Such a shift would be demonstrated by the planting of game
refuges, wind barriers, tree lanes, riparian stands and solitary trees and the construction of
anti-erosion balks, grass strips, farm tracks, pools and other measures to reclaim and stabilize the landscape against erosion and to improve its hydrological functions, which could
also be applied in the case of Třebenice. Case studies by various foreign authors confirm
similar changes in landscape uses (Nikodemus, Bell, Gríne, and Liepinš 2005; Skowronek,
Krukowska, Swieca, and Tucki 2005; Palang et al. 2006). Major changes to the landscape
structure can also occur as a result of climate change. These would cause not only a shift
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in the altitudinal zones of vegetation, but also changes to the agricultural activities in the
landscape.
The conclusions from Patch Analyst on the CORINE data over two time periods (largescale view, 1990/2000) and on vectorized aerial photography of the study areas over four
time periods (small-scale view, 1948/1982/1995/2005), on one hand, revealed an increasingly more intensive polarity, or duality, in landscape macrostructure, along with a certain
degree of macrohomogenization, while on the other hand, at a lower spatial scale, there
emerges a growing variety of shapes and patch sizes of individual patch types, contributing
to landscape microheterogeneity and finer landscape mosaic.
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Sklenička, P. (2003), The Fundamentals of Landscape Planning (in Czech), Prague: Naděžda
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