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ANALYSIS OF CHANGES IN LAND COVER STRUCTURE
USING RING-SHAPED POLYGONS OF EVALUATION,
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POLAND AND THE CZECH REPUBLIC
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Summary

The objective of this paper is the assessment of the share of individual land cover categories in
centric and ring-shaped evaluation polygons. In the analyses the data from the Corine Land
Cover project for 2006 and 2012 were used. These data are available through the Urban Atlas.
The basic spatial statistics concerning the land cover categories were determined. As a result of
the analyses, information about land cover changes that took place over a period of 6 years was
obtained, observed with increasing distance from the assumed reference point. An inference was
also made regarding the possibility of determining the changes taking place in selected units in
the period of 2006-2012.
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1. Introduction

According to the European Landscape Convention [2000], the landscape is understood
as a fragment of space combining both natural phenomena and processes resulting
from human activity. However, as noted by Degorski [2009], the dominant impact on
landscape transformation results from the anthropogenic factor. Due to the changes
taking place in the aspects of space and time, we are dealing with the multidimensional
nature of the landscape, as well as the necessity to study the interrelations between its
various elements [Degorski 2016]. Furthermore, both micro- and macrostructure are
considered in landscape studies [Lipsky 2000]. The microstructure of the landscape is
composed of elements such as small areas, lines or objects, as well as their shapes, sizes,
spatial arrangements, and interrelations. On the other land, the macrostructure of the
landscape is the main subject of socio-economic research, and the macrostructure is
understood as the share of different types of land use in the particular area, such as
arable land, built-up areas, forests, etc. [Bic¢ik et al. 2015].
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In addition to the concept of landscape, the concepts of land use and land cover are
also distinguished. The first one is understood as a reflection of human activity in the
landscape through the actual use of space. Due to the constant variability of the surface
area of particular types of land use, these changes should be monitored [Noszczyk
2018]. Land cover is defined as the occurrence of biophysical elements within the
terrain [Regulation 2011, Bicik et al. 2015].

Continuous economic development determines an increase in the demand for
finding locations that would accommodate various types of investment development.
This contributes to changes in land cover and land use, and in many cases it negatively
affects rational space management and the maintenance of proper spatial order. The
main example of that is the intensification of development projects in suburban areas,
especially near large cities [Tokarczyk-Dorociak et al. 2018]. Staszewska [2012] points
out that the development of built environment in the suburban area is chaotic, and it
may cause specific threats and losses in terms of spatial planning and spatial develop-
ment. Moreover, Staszewska [2012] indicates the necessity to focus the research on the
spatial structure, especially within suburban area. The socio-political transition, such
as the transformation that took place after 1989 in the countries of Eastern Europe, also
plays an important role in the changes in land use [Pazur and Bolliger 2017, Cegielska
et al. 2018]. Determining the direction and dynamics of changes in land cover and
land use is a difficult but desirable task, especially in the context of supporting rational
spatial management [Drzewiecki 2008]. From this point of view, it becomes legitimate
to analyse the existing changes in the spatial structure, which will then serve to predict
future trends therein. Knowledge about the direction of changes in land use and land
cover of the given area may help prevent the negative effects of these changes, and thus
contribute to the correct management of space and the preservation of proper spatial
order.

However, the detection of changes taking place in the spatial structure requires
the selection of an appropriate method for describing or measuring landscape
features, and the availability of appropriate and comparable information in differ-
ent periods of time [Antrop 1998]. One of the basic research tools used in the
analysis of landscape structure and its changeability over time is provided by the
geographical information systems (GIS) [Bender et al. 2005, Szewranski et al. 2017].
Currently, spatial data related to changes taking place in the landscape are collected
and made available by geospatial services, and a wide range of different types of
software facilitates the conduct of proper analyses. Commonly used data sources
on the changes occurring in land cover and land use include layers developed
as part of the Corine Land Cover project, and made available in a standardized
manner through the Urban Atlas (UA) project [UA mapping guide 2006 and 2012].
These layers, with the appropriate use of GIS tools, provide much information -
global, but also local - about the changes occurring in space [Cegielska et al. 2017a,
Pazir and Bolliger 2017, Cegielska et al. 2018]. Information on the spatial changes
in terms of investment projects can also be derived from the analysis of the topo-
graphic objects database in the scale of 1:10 000 (in short: BDOT10k) [Cegielska
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et al. 2017b]. Also historical maps and aerial photographs that illustrate changes
in land cover and land use can provide cyclical and comprehensive information
that facilitates modelling of historical and future changes in land use [Halva and
Cyprich 2017, Schulp et al. 2019].

The aim of the research was to analyze the possibility of determining changes
in land cover macrostructure in 2006-2012 on the example of selected three areas
around the city of Nitra, Radom, and Olomouc, located in Slovakia, Poland and
the Czech Republic, respectively. The selected areas, along with delimitation of the
terrain in terms of land cover, were made available via the Urban Atlas in the form
of a vector layer. An attempt was made to assess the usefulness of centric and ring-
shaped evaluation polygons for the study of changes in the area of the available land
cover layers, which are characterized by significant complexity of borders. In particu-
lar, the selection of the geometrical centre of the boundary of the analysed area was
verified, taken as the starting point for the construction of the evaluation polygons,
rather than assuming the spatial dominant of the city, which is usually the result of
historical conditions.

2. Material and methods

The Urban Atlas website provides high-quality spatial data on the land use and land
cover for European cities inhabited by a minimum of 100 thousand people, as well
as suburban areas. In this work, data for analyses for the years 2006 and 2012 (Fig. 1
and 2) were obtained from the Urban Atlas website [2018] in the form of vector layers
containing areas around the cities of Nitra (designation area N), Radom (designation
area R), and Olomouc (designation area O). These cities are located in Slovakia, Poland
and the Czech Republic, respectively. The range of the analysed vector layers in most
cases does not reflect the administrative boundaries. The surface sizes of the analysed
areas were 871 km? 680 km? and 894 km?, respectively. The factor determining the
choice of these areas was their similarity in terms of spatial features and similar propor-
tions between individual classes of land cover. In all of the analysed areas, we are deal-
ing with monocentric agglomerations.

Fig. 1. Land cover layers from the UA for the year 2006, around the cities of Nitra, Radom, and
Olomouc
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Fig. 2. Land cover layers from the UA for the year 2012, around the cities of Nitra, Radom, and
Olomouc

The spatial distribution of the land cover categories (22 categories in 2006, and 29
categories in 2012), defined in the European Commission guidelines [2006], in the range of
the available vector layers was subjected to quantitative assessment relative to the evaluation
polygons. The analyses were carried out within the limits of the evaluation polygons, which
are the vector product of the UA vector layer, and ring-shaped polygons, for which the
difference between the length of the external and internal diameter was 2 kilometres. The
geometric centre of the rings lay in the centroid of the boundaries of the vector layers made
available by the UA. The beginning of the construction of ring-shaped polygons from the
geometrical centre of the boundaries of the analysed layer, rather than from the geometric
centre of the city, is justified as it optimises their position in relation to the entire analysed
area (Fig. 3). In many cases, cities are not centrally located in terms of the extent of the
available layers, which means that fitting the ring-shaped polygons would not be optimal.
The analyses were carried out in the QGIS environment, which is a cross-platform, open-
source geo-information software enabling, among others, geographic data management
and spatial analysis. The boundaries of the areas made available in the UA around the cities
of Nitra and Radom remained unchanged. However, in the case of the vector layer contain-
ing the area around the city of Olomouc, its range changed, which is the reason why only
the common area for 2006 and 2012 was included in the analysis.

e City centroid —— City boundary e \ector layer from UA centroid —— Vector layer from UA boundary

Fig. 3. Configuration of ring-shaped polygons juxtaposed against the boundaries and centroid
of the analysed layers from the UA, as well as the boundaries and centroids of Nitra,
Radom, and Olomouc cities
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Within the product of each ring-shaped polygon and the area of the analysed layer,
the areas of individual land cover categories for 2006 and 2012 were determined,
followed by their percentage share in the area of each evaluation polygon. The use of
percentage share is dictated by the variable surface area of individual evaluation poly-
gons, as well as by the need to compare them. For each evaluation polygon, the share of
investment (development) areas A, was determined (for the years 2006 and 2012, the
total area of the categories: 11100, 11210, 11220, 11230, 11240, 11300, 12100, 12210,
12220, 12230, 12300, 12400, 13100, 13300, 13400 and 14200) as well as the share of
biologically active areas A, (for the year 2006, the total area of the categories 50000,
40000, 30000, 20,000 and 14100, and for the year 2012, the total area of the categories
50000, 40000, 33000, 32000, 31000, 25000, 24000, 23000, 22000, 21000 and 14100),
according to the following formulas:

zAi n
R, = An’ -100 [%] 1)
zAb n
R, =100 [%] (2)
5] An
A, = A, NA,, 3)
where:
A, — area of vector layer from UA,
A,, - surface of the n-number ring-shaped polygon,
A, — area of the evaluation polygon (intersection of A;and A, ),

ZA’F" - sum of the area of the categories accepted as investment (developed)
areas in the n-number evaluation polygon,

ZAIM - sum of the area of the categories accepted as biologically active in the
n-number evaluation polygon.

Within the area of each evaluation polygon, the ratio of the share of categories clas-
sified as investment areas to categories classified as biologically active areas was also
determined:

Cp, = -2 4
ey @

Then, for each evaluation polygon, a coeflicient showing the correlation between
the surface size of land cover categories classified as investment areas, and those classi-
fied as biologically active areas was computed as follows:

Ri,n : Rh,n
Co=\R TR ®
in b.n
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Based on the calculated coefficients, the rate of change within the analysed areas
was compared, along with the distance from the assumed reference point. The degree
of similarity of the analysed areas due to the spatial structure of the land cover category
in the corresponding evaluation polygons was also determined. A general analysis of
the possibilities to determine changes that took place in the period from 2006 to 2012
within the boundaries of the examined layers was also conducted. To this end, a simi-
larity measure of two vectors was used, based on the Hamming distance, which is the
sum of the differences between numerical vectors of the same length. The similarity
measure was determined according to the following formula:

P =1_& (6)

Un zk

where:
th,n - the Hamming distance in the n-th evaluation polygon between the
percentage share of the surface area of particular land cover categories
k in the surface area of each evaluation polygon between 2006 and 2012,
whereas:

O) l.f an =V
,1(2006) k.n(2012)
o = { 7)

L if Vienoos) = Vinorz)

Due to the unequal number of land cover categories in 2006 and 2012, the addi-
tional categories, newly distinguished in 2012, were allocated to the corresponding
categories from 2006.

3. Results

For the layers with the city of Nitra and Olomouc and the surrounding areas were
created 13 ring-shaped polygons, and for layer with the city of Radom were 12 ring-
shaped polygons. Within the boundaries of the evaluation polygons, based on the
ring-shaped polygons, the percentage share of individual land cover categories was
determined, in accordance with the guidelines of the European Commission [2006], in
the layers obtained from the UA for the years 2006 and 2012 (Figs 4-6).

The value of the share of particular land cover categories in the designated evalu-
ation polygons does not provide clear information about the changes taking place
along with the increasing distance from the geometric centre of the boundary of the
analysed layer. Therefore, the ratio of the share of categories classified as investment
areas to categories classified as biologically active areas C, was calculated (Fig. 7).
However, the C, coeflicient can take values from a broad range, therefore we have
decided to also use the C, standardized coefficient, which produces values from 0 to
1 (Fig. 8).
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Fig. 4. Percentage share of land cover categories in the evaluation polygons in 2006 and 2012,
for the layer including the city of Nitra
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Fig. 5. Percentage share of land cover categories in the evaluation polygons in 2006 and 2012,
for the layer including the city of Radom
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Fig. 6. Percentage share of land cover categories in the evaluation polygons in 2006 and 2012,
for the layer including the city of Olomouc

As shown in Figures 7 and 8, the rate of change of C, and C; coeflicients for the areas
around Nitra and Radom is similar. Concentration of the land cover categories, which
can be classified as anthropologically modified investment areas within the aforemen-
tioned regions, takes place in zones 1 and 2 (0-2 km, 2-4 km, respectively, from the
geometric centre of the analysed area). The highest concentration of the investment
(developed) areas category for the layer with the city of Olomouc, however, occurs in
evaluation polygon 3 (4-6 km from the geometrical centre of the boundaries of the
analysed area). An increase in the ratios is again observed in the evaluation polygon
number 7 (12-14 km) - for the layer including the city of Radom as well as the layer
including the city of Olomouc - and in the polygon number 11 (20-22 km) for the
layer including the city of Radom. The observed difference in the degree of developed
areas in individual evaluation polygons results from differences in the location of urban
agglomerations relative to the boundaries of the analysed layers; and this is particularly
evident in the case of the city of Olomouc, which is shifted southeast of the boundary
of the analysed layer.

The similarity coefficient based on the Hamming distance calculated in accordance
with formula (6), showing the degree of similarity between the percentage share of
the surface area of particular land cover categories within the area of each evaluation
polygon between 2006 and 2012, is illustrated in Figure 9.
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Fig. 7. Changes in the C, ratio within the boundaries of successive evaluation polygons for the
layers including the cities of Nitra, Radom and Olomouc
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Fig. 8. Changes in the C; ratio within the boundaries of successive evaluation polygons for the
layers including the cities of Nitra, Radom and Olomouc
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Fig. 9. Similarity ratio of land cover in evaluation polygons in the years 2006 and 2012

Based on the analysis of the land cover similarity coefficient in 2006 and in 2012,
it can be concluded that in all three analysed areas, it is possible to detect changes in
land cover in the evaluation polygons 3-9, which correspond to a distance of 4 to 18
km from the geometric centre of the layer’s boundaries. In the case of the layers, which
include the cities of Nitra and Olomouc, the smallest changes (or lack thereof) can
be determined in outer evaluation polygons - that is, polygons 10, 11 and 12, which
correspond to a distance from 18 to 24 km from the starting point of the analysis.

4. Conclusions

Spatial research with the use of GIS tools, applying the Corine Land Cover products
made available through the Urban Atlas, facilitate a quick and insightful analysis of
the possibility of determining changes in land cover. However, when making infer-
ences, the accuracy of defining the boundaries and the changes in the surface sizes of
land cover classes that characterize Corine Land Cover products must be taken into
account. According to the Urban Atlas mapping guide [2006, 2012], the minimum
mapping unit for class 1 and the land cover categories corresponding to this class is 0.25
ha, while for classes 2-5 and the corresponding land cover categories, it is 1 ha. The
correct selection of evaluation polygons is also an important factor for the accuracy of
the analysis. In this work, the analysis was carried out in relation to the distance from
the geometrical centre of the boundaries of the analysed layers, because this method
particular was deemed the most effective. The method applied herein makes it possible
to minimize the number of ring-shaped polygons used, by optimally fitting them into
the boundaries of the analysed area.

The study shows that the concentration of land cover classes that can be included
in the category of man-made investment (or developed) areas, in the cases of the area
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of the city of Nitra and that of the city of Radom occurs in zones 1 and 2, that is 0-2
km and 2-4 km from the geometric centre of these areas, respectively. The analyses
carried out in this work have shown that the ratio of the share of categories classified as
investment areas to categories classified as biologically active areas decreases with the
distance from the geometric centre of the given layer’s boundaries. Based on the ratio of
land cover similarity for the studied years, it was concluded that it is possible to deter-
mine the changes in land cover that occurred within 4 to 18 km from the geometrical
centre of the analysed areas. However, in none of the three layers was there a significant
change recorded in the ratio between the surface size of developed areas and biologi-
cally active areas categories between 2006 and 2012. It can therefore be concluded that
the detected changes in land cover occurred either within the category of investment
areas or within the category of biologically active areas, and thus there was no change in
land cover from the biologically active areas category to the investment areas category.

This research was financed by the Ministry of Science and Higher Education of the
Republic of Poland (BM-2305/KG/2018).
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