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ABSTRACT

Spatial policy-making and implementation at the national and regional levels require, among others, long-term
monitoring of socio-economic processes in the spatial and statistical dimension. The paper focuses on the issue
of land-use changes for non-agricultural and non-forest purposes in individual provinces (called voivodeships).
A special emphasis was put on the intensity and direction of the transformation processes. In order to compile the
results in the form of a comparative analysis, a multi-indicator method was developed with the use of the data
provided by Local Data Bank for the years 2003-2017. The results illustrate both variations and similarities in the
spatial development between the analyzed voivodeships.

Keywords: land use, spatial development, regional development.

INTRODUCTION

The research on regional development consti-
tutes the basis for making strategic development
objectives for the country, regions and various
sub-regional spatial structures (Dunnell, 2009).
This kind of monitoring and evaluation provides
the information on the progress in implementa-
tion of strategies and public polices (KSRR,
2030). The studies create recommendations that
are useful not only to regional government but
also to business organizations as well as domestic
and foreign investors.

Numerous reports in literature approach the
issue in a complex and multifaceted way. Assess-
ments include the following: the development
potential of regions, investment attractiveness
(Borowicz et al., 2016; Godlewska-Majkows-
ka, 2012, 2011), investment activity (Hota and
Nowobilski, 2018; Nazarczuk, 2013), innova-
tion (Kloska, 2018; Kondratiuk-Nierodzinska,
2013), convergence and regional competitiveness
(KSRR, 2030; Gotgbiewski and Podlinska, 2015;
Kowalewska, 2015; Lazniewska et al., 2011;
Murawska, 2010).
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The key element of such studies, in terms of
methodology, is an appropriate selection of vari-
ables that can describe the studied phenomenon.
In most of the abovementioned reports, various
aspects are combined, including:

e the economic aspect — financial capital, la-
bour productivity, entrepreneurship, GDP per
capita, structure of small and medium-sized
enterprises;

e the demographic aspect — natural increase,
migration, unemployment rate, level of
education;

o the social aspect (quality of life) — state of the
environment, leisure and tourism resources

e infrastructural aspect — transport accessibility,
supply in gas, water and sewage system;

e construction industry aspect — value of con-
struction and assembly production, employ-
ment, occupational accidents;

e scientific and research potential — public
spending on research, development and inno-
vation activities, R&D centres and facilities.

The characteristics listed above do not in-
clude territorial dimensions such as changes in
land-use structure, but they can both be treated
as a cause and an effect of such transformations.
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Therefore, it should be stated that from the per-
spective of contemporary challenges, the spatial
management is the key factor of regional devel-
opment (Lazniewska, 2015).

The most dynamic changes in land use struc-
ture undeniably occur in urban and suburban
zones. However, in recent years, intensive trans-
formations have also been observed in typically
rural areas (Senetra et al., 2014; Szymanska and
Matczak, 2002). Decreasing the share of agricul-
tural and forest areas to introduce new residential,
industrial, service and transport functions can be
an an important measure of the social and eco-
nomic development.

The aim of the study was to develop a method
for assessing the changes in the structure of agri-
cultural and forest lands in regional and sub-re-
gional administrative units using the available sta-
tistical data. The assessment results should enable
to provide a comparative analysis for the studied
units that can be applied in the analysis concern-
ing their spatial and economic development, ur-
banisation level or even landscape changes.

The utilitarian subject of the research is the di-
versity assessment of regional spatial development
for the construction purposes in Polish voivode-
ships, measured by changes in allocation of agri-
cultural and forestry areas for investment purposes.

METHODS

The analysis applies to the agricultural and
forestry land-use changes in 16 Polish voivode-
ships (first-tier administrative units) that occurred
in the period of 2002-2017. The study includes
a quantitative assessment of land transformation
at the global level as well as the directions of
changes broken down into residential, industrial,
service and transport functions.

The comparative analysis used in the study
utilizes the indicators to describe the intensity of
a given phenomenon in the form of absolute or
relative values. The set of the analyzed voivode-
ships can be described with the following two-
dimensional matrix of indicators (1):

Xl.l Xn.l X7.l
XW — X1.2 Xn.2 X7.2 (1)
Xl.lG Xn.16 X7.16

where: W - voivodeship (W=1, 2....16)
N — indicator used in the analysis (n+1,
2,.... N)

The data from the Local Data Bank for the
period of 2003-2017 were used to define indica-
tors that describe agricultural and forestry land
use changes in the analyzed voivodships in the
following categories:

1. Territorial division — subgroup of country geo-
detic areas, directions of use;
2. State and protection of natural environment:

— Subgroup of arable and forest land
excluded from agricultural and for-
estry production, by type of land;
Subgroup of arable and forest land excluded
from agricultural and forestry production,
by directions of use.

— The following indicators were calculated:

— The relative degree of changes in agricul-
tural X, (forestry X,) lands in a voivodeship
in the period of 2003-2017 (2).

PA—EX(F—EX)
X1(3) :—PW 100 2
where: P, ¢, — the total area of agricultural

(forest) lands in a voivodeship (W), sub-
ject to transformation for non-agricultural
(non-forest) purposes in 2003-2017 [ha],
P, —total area of a voivodeship (W) [ha]

e The absolute degree of changes in agricul-
tural X, (forestry X)) lands in a voivodeship
for non-agricultural (non-forest) purposes in
2003-2017 (3).

PaEx(E-
Xo(a) — AB(F-B9) 100 3)
A(F)
where: P . the total area of agricultural

(?oErXéFstErxy) lands in a voivodeship (W) sub-
ject to transformation for non-agricultural
(non-forest) purposes in 2003-2017 [ha]

Pae ™ agricultural (forest) land area in a

voivodeship (W) in 2017 [ha]

The obtained indicator values were normal-
ized in accordance to the formula (4):

_ X1(2,3,4) - X1(2,3,4)
X1(X2,X3,X4) —

Z (4)

Ox1(x 2,X3,X 4)

where: Z - normalized indicator value
X,  —indicator value before normalization
X,—mean value in analysed set of objects

o — standard deviation of indicator values
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The obtained normalized indicators were
a subject of a statistical data analysis — cluster
analysis of the Statistica 13.3 software. It is based
on grouping (agglomeration) the objects in accor-
dance to the degree of their similarity. In a given
group (called a cluster), there are objects similar
to each other and — at the same time — different
from the objects in other clusters (Wierzchon and
Ktopotek, 2015). The measure of objects resem-
blance is a function of distance. In this case, the
Euclidean distances were computed, according to
the formula (5):

d(\N11W2) :\/Zn (an_zn2)2 (5)

where: W, and W, ~the analysed voivodeships
Z ., Z ,~Z indicators for the voivodeships

nl’ “'n

Apart from the distance measure, the Ward’s
minimum variance clustering method (Ward
1963) was used to group similar voivodeships.
The method is considered to be very effective,
although it tends to produce small-sized clusters
(Lazniewska et al., 2011). A dendrogram is the
graphical representation of objects agglomera-
tion, where leaves represent individual observa-
tions and nodes — clusters. Nodes are located at a
level corresponding to the degree of dissimilarity
between clusters. The cluster analyses were per-
formed separately for the indicators of the agri-
cultural land use changes (ZX1 i ZX2) and for-
estry land use changes (ZX3, ZX4).

The available data describing the directions
of agricultural and forest lands development ex-
cluded from agricultural and forestry produc-
tion, were used to calculate the three additional
indicators:

e The indicator of repurposing of agricultural
and forest lands for residential development —

X, (6)

X5 ZPAF—res 100 (6)
res
where: P, - total area of agricultural and for-
est lands repurposed for residential devel-
opment in the period of 2003-2017 [ha]
P__— total area of residential lands in a
voivodeship in 2017 [ha]

e The indicator of repurposing of agricultural
and forest lands for industrial and service de-
velopment — X (7)
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Xg= PaE-ind 100 %
ind
where: P, . - total area of agricultural and for-
est lands repurposed for industrial and
service development in 2003-2007 [ha]
P, — total area of industrial lands in a

voivodeship in 2017 [ha].

e The indicator of repurposing of agricultural
and forestry lands for roads and transport de-
velopment - X_ (8)

X7 — I:)AF —tran 100 (8)

tran

where: P, —total area of agricultural and forest
lands repurposed for roads and transport
development in 2003-2007 [ha]
P — total area of roads and transport-

tran

related lands in a voivodeship in 2017 [ha]

In order to present the differences between
voivodships concerning the changes of agricul-
tural and forest land purpose, it was decided to
perform normalization of the indicators Xy X
X, according to the maximum value in a given
set, i.e. (9)

X
(6,7)
Zx5(xe,,x7) :Lmaxs)z7 J 9)
5(6,7)

In order to present the spatial structure of
repurposing the agricultural and forest land in
individual voivodships, it was assumed that the
total area of land allocated for residential, indus-
trial and transport purposes correspond to 100%
of all lands repurposed for non-agricultural and
non-forestry uses. This is a simplified approach,
used only for the purpose of this study, other-
wise one would also have to include small areas
of agricultural and forest land allocated for other
purposes, e.g. surface waters and mineral sources
excavation.

The spatial analysis and presentation of the
obtained results were prepared with the use of
ArcGIS 10.4.1. software (ESRI).
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RESULTS

Input data and calculated indicators concern-
ing the changes of agricultural and forestry land
for non-agricultural and non-forest purposes in
2003-2017 are presented in Table 1.

After analyzing the values of the Z , indica-
tor representing the absolute degree of changes
of agricultural lands in voivodeships for non-ag-
ricultural purposes, it was decided to divide the
analysed units into four types:

e Type | — voivodeships with high intensity of
agricultural land repurposing, Z,.>1

e Type Il — voivodeships with medium intensity
of agricultural land repurposing, 1>Z, >0

e Type Ill — voivodeships with low intensity of
agricultural land repurposing, 0>Z,,>-0,5

e Type IV — voivodeships with very low inten-
sity of agricultural land repurposing, Z,,<-0,5

The spatial distribution of the voivodeships
assigned to the specified types is presented in
Figure 1. The greatest intensification of the
changes in agricultural land was observed in the

Pomorskie and Slaskie Voivodeships, significant
changes in Zachodnio-Pomorskie, Dolno$laskie,
Matopolskie and Lubelskie, the lowest in partly
traditionally agricultural regions of north-east-
ern Poland (Kujawsko-Pomorskie, Warminsko-
Mazurskie, Podlaskie, Lubelskie) but also in more
developed regions (Mazowieckie, Opolskie).

The cluster analysis for the Z,, and Z,, indi-
cators was applied to aggregate the voivodeships
with similar level of agricultural land repurpos-
ing. Four identified clusters are presented in the
dendrogram (Figure 2). The highest similarity
was observed between the voivodeships in Clus-
ter A-I: Kujawsko-Pomorskie, Opolskie, Pod-
laskie, Lubelskie (Table 2).

The values of the Z,, indicator that represent
the absolute degree of changes of forestry lands
for non-forestry purposes, enabled to allocate the
analysed voivodeships to one of the four types:

e Type 1 — voivodeships with high intensity of
forestry land repurposing, Z, >1;

e Type 2 — voivodeships with medium intensity
of forestry land repurposing 1> Z, >0;

Table 1. Input data and obtained indicators concerning the changes of agricultural and forestry lands for other

purposes in the analyzed voivodeships

Area [ha] Indicators [-]
Repurposement Normalized indicators
No Voivodeship w Agricultural Forestry of agricultural Repurposement
of forestry land
land
P P, P, Per P. X, X, X, X, zx, | zx, | zx, 2x,
1 |dolnoslgskie | 1994 670 | 4277 | 862746 | 1142 | 612305 | 0.214 | 0.496 | 0.064 | 0.187 | 0.329 | 0.191 | 0.983 | 0.739
2 ‘;‘;J;‘g’fskk‘i’é 1797134 | 859 | 990036 | 469 | 429605 | 0.048 | 0.087 | 0.019 | 0.109 |-1.063 |-1.063 | -0.558 | -0.031
3 | lubelskie 2512246 | 1629 | 1311774 | 151 | 573550 | 0.065 | 0.124 | 0.011 | 0.026 |-0.921 |-0.948 | -0.830 | -0.857
4 | lubuskie 1398793 | 2254 | 401130 | 523 | 711424 | 0.161 | 0562 | 0.029 | 0.074 |-0.116 | 0.394 |-0.214 | -0.387
5 |todzkie 1821895 4208 | 987419 | 1733 | 372238 | 0.231 | 0.426 | 0.114 | 0.466 | 0.468 |-0.022 | 2.723 | 3.519
6 |matopolskie | 1518279 | 3642 | 651476 | 499 | 440846 | 0.240 | 0.559 | 0.014 | 0.113 | 0.542 | 0.385 | -0.720 | 0.009
7 |mazowieckie |3 555847 | 3492 | 1649904 | 756 | 836080 | 0.098 | 0.212 | 0.080 | 0.090 |-0.642 |-0.680 | 1.561 | -0.218
8 | opolskie 941187 | 501 | 490605 | 288 | 258932 | 0.053 | 0.102 | 0.016 | 0.111 |-1.018 |-1.016 |-0.648 | -0.011
9 |podkarpackie |1784576| 2110 | 591191 | 324 | 687992 | 0.118 | 0.357 | 0.016 | 0.047 |-0.475 |-0.235 | -0.650 | -0.650
10 | podiaskie 2018702| 996 | 762600 | 275 | 631277 | 0.049 | 0.131 | 0.015 | 0.044 |-1.050 |-0.929 | -0.685 | -0.684
11 | pomorskie 1831034 | 8612 | 700424 | 614 | 683461 | 0.470 | 1.230 | 0.050 | 0.090 | 2.468 | 2.442 | -0.747 | -0.224
12 | $lgskie 1233309 |4899 | 449997 | 411 | 403765 | 0.397 | 1.089 | 0.035 | 0.102 | 1.857 | 2.010 | 0.006 | -0.105
13 | $wigtokrzyskie | 1171050 | 1609 | 537854 | 321 | 335770 | 0.137 | 0.299 | 0.013 | 0.096 |-0.314 |-0.412 | -0.747 | -0.167
14 xz;rz'rrs‘i'l‘eo 2417347| 2213 | 875485 | 156 | 777517 | 0.092 | 0.253 | 0.005 | 0.020 |-0.698 | -0.554 | -1.023 | -0.918
15 | wielkopolskie |2 982 650 | 5008 | 1564 481 | 1194 | 786 783 | 0.168 | 0.320 | 0.052 | 0.152 |-0.059 |-0.347 | 0.591 | 0.392
zachodnio-
16 | Jomorskie 2289248 | 5906 | 857200 | 601 | 840435 | 0.258 | 0.689 | 0.026 | 0.072 | 0.693 | 0.784 |-0.300 | -0.407
Explanation: W — voivodeship, P, total area of a voivodeship P, . Preg— the total area of agricultural (forest)

lands in a voivodeship, P, P agricultural (forest) land area in a voivodeship in 2017 X, (X;)—the relative degree
of changes of agricultural (forestry X,) lands in a voivodeship in the period of 2003-2017, X, (X,) - the absolute
degree of changes of agricultural (forestry) lands in a voivodeship for non-agricultural (non-forest) purposes in

2003-2017, Z, , ,— normalized indicator valuey
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Fig. 1. Spatial distribution of the voivodeship types classified by the intensity of agricultural

and forestry lands changes.

Type 3 — voivodeships with low intensity of
forestry land repurposing 0> Z, >-0,5;
e Type 4 —voivodeships with very low intensity

of forestry land repurposing Z,,<-0,5.

The location of the particular voivodeship
types is presented in Figure 1. The relatively
large forest land repurposement occurred only in
the L.odzkie Voivodeship, while medium changes
in the voivodeships: Wielkopolskie, Matopolskie
and Dolnoslaskie.

According to the results of cluster analysis
(Figure 3, Table 2) for the indicators describing
forestry land repurposing (Z,,and Z,,) the most
similar voivodeships are those assigned to the F-1
cluster (Lubelskie, Warminsko-Mazurskie, Pod-
karpackie, Podlaskie). The lowest level of simi-
larity was found for the Lodzkie Voivodeship.
This is due to the relatively large area being the
subject of land-use changes.
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In the majority of the voivodeships, the
structure of transformed agricultural and forest
lands according to direction of changes is very
similar (Table 3).

The largest areas were mostly repur-
posed for the development of residential ar-
eas (> 50%) — Figure 4. The distinguishable
administrative units are:

e the Kujawsko-Pomorskie Voivodeship, where
the most of agricultural and forest areas were
designated for development of industrial areas
(48.4%), while for residential areas — 46.2%);
similarly in the Dolnoslaskie Voivodeship —
46.1% for industrial land-use and 48.9% for
residential, the Lodzkie Voivodeship — 45.1%
and 49.8%, respectively;

¢ voivodeships, where larger part of agricultural
and forest areas were designated for develop-
ment of industrial area than to residential area:
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Agricultural land repurposing
- agglomeration of the voivodeships using the Ward's method
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Fig. 2. Dendrogram — the voivodeships aggregated by similarity in the

intensity of agricultural lands repurposing (Z,,and Z, ,)

Forestry land repurposing
- agglomeration of the voivodeships using the Ward's method
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Fig. 3. Dendrogram — the voivodeships aggregated by similarity in the
intensity of forestry lands repurposing (Z,,andZ,,)

the Kujawsko-Pomorskie Voivodeship 48,4%
and 46,2%, the Dolnoslaskie Voivodeship
46.1% and 48.9%, the Lodzkie Voivodeship
45.1% and 49.8% respectively;

e voivodeships with a significant share of ag-
ricultural and forest lands repurposed for

e the highest intensity of land repurposement
for residential development took place in
Pomerania (the Zachodnio-Pomorskie and
Pomorskie Voivodship), while the lowest
in the Opolskie and Kujawsko-Pomorskie
Voivodships;

roads and transport development: the Pod-
laskie (15.5%) and the Lubelskie Voivodeship
(11.1%).

The spatial diversity analysis in terms of the

the highest intensity of land repurposement
for industrial development was observed in
the Lodzkie Voivodeship, Pomorskie and
Lubuskie; whereas the lowest in the south of

Poland (Opolskie, Slaskie, Swictokrzyskie,
Matopolskie, Podkarpackie).

intensity in allocation of agricultural and forest
lands for other purposes shows that:
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Table 2. Clusters of voivodeships with similar agricultural an forestry lands repurposing intensity

. . the Euclidean distance between
Cluster Voivodeships . . ;
voivodeships aggregated in clusters
Agricultural lands repurposed for non-agricultural purposes
mazowieckie, warminsko-mazurskie, podkarpackie, $wietokrzyskie,
A-IV ) ) 0,88
wielkopolskie
A-llI dolnoslaskie, todzkie, matopolskie, lubuskie, zachodniopomorskie 0,86
A-ll pomorskie, Slaskie 0,75
A-l kujawsko-pomorskie, opolskie, podlaskie, lubelskie 0,17
Forest lands repurposed for non-forestry purposes
: L very high degree of dissimilarity,
FIv lodzkie the shortest distance 5,03
kujawsko-pomorskie, matopolskie, opolskie, pomorskie,
F-1 o ; ) ' A . 1,598
Swietokrzyskie, lubuskie, zachodniopomorskie, Slaskie
F-1l dolnoslaskie, wielkopolskie, mazowieckie 1,335
F-I lubelskie, warminsko-mazurskie, podkarpackie, podlaskie 0,559

Table 3. Input data and obtained indicators concerning agricultural and forestry land repurposement according to

the designation

Area [ha] Indicators [-] Normalized indicators
No Voivodeship
P | Pu P Poo | Puver | Puu X, X, X, z, z, z,
1 | dolnoslaskie 1695 | 22885 | 1597 | 14609 | 174 | 72313 | 7.406 | 10.932 | 0.241 | 0.248 | 0.475 | 0.476
2 | kujawsko-pomorskie | 475 | 21013 | 498 | 6853 | 56 | 50179 | 2.260 | 7.267 | 0.112 | 0.076 | 0.316 | 0.221
3 | lubelskie 955 | 11156 | 272 | 4166 | 153 | 68151 | 8.560 | 6529 | 0.224 | 0.286 | 0.284 | 0.444
4 | lubuskie 1382 | 9816 | 559 | 3280 | 186 | 39474 | 14.079 | 16.996 | 0.471 | 0.471 | 0.740 | 0.932
5 | todzkie 1741 | 21908 | 1575 | 6847 | 177 | 54751 | 7.947 | 23.003 | 0.323 | 0.266 | 1.000 | 0.640
6 | malopolskie 2553 | 25684 | 285 | 8114 | 97 | 47360 | 9.940 | 3512 | 0205 | 0.333 | 0.153 | 0.405
7 | mazowieckie 2125 | 53510 | 686 | 12214 | 99 |105992 | 3.971 | 5616 | 0.093 | 0.133 | 0.244 | 0.185
8 | opolskie 242 | 10686 | 56 4948 | 27 | 31124 | 2.265 | 1.132 | 0.088 | 0.076 | 0.049 | 0.171
9 | podkarpackie 1239 | 15539 | 208 | 5216 | 101 | 51895 | 7.973 | 3.988 | 0.195 | 0.267 | 0.173 | 0.385
10 | podiaskie 461 | 8304 | 182 | 2861 | 118 | 56085 | 5551 | 6.361 | 0.210 | 0.186 | 0.276 | 0.416
11 | pomorskie 5796 | 21221 | 1111 | 5910 | 261 | 51627 | 27.313 | 18.799 | 0.505 | 0.914 | 0.817 | 1.000
12 | $laskie 3030 | 50159 | 666 | 21541 | 206 | 53747 | 6.041 | 3.092 | 0.383 | 0.202 | 0.134 | 0.758
13 | $wietokrzyskie 638 | 9217 | 130 | 3977 | 39 | 32483 | 6.922 | 3.269 | 0.120 | 0.232 | 0.142 | 0.238
14 | Warmifisko- 866 | 14309 | 484 3480 | 52 | 61164 | 6.052 | 13.908 | 0.085 | 0.202 | 0.605 | 0.168
mazurskie

15 | wielkopolskie 1655 | 33922 | 840 | 10351 | 135 | 91109 | 7.879 | 8.115 | 0.148 | 0.264 | 0.353 | 0.293
16 gzi:‘c‘)’r‘;i:g 3320 | 11111 | 1017 | 9213 | 221 | 57285 | 29.880 | 11.039 | 0.386 | 1.000 | 0.480 | 0.763

Explanation: P P P, ) —total area of agricultural and forest lands repurposed for residential development

AF-res ( AF-ind, © AF-tran

(industrial, roads and transport) in the period of 2003-2017, P__—total area of residential lands (industrial, roads and
transport) in a voivodeship in 2017, X, — the indicator of repurposing of agricultural and forest lands for residential
development (industrial, roads and transport), Z, . .—normalized indicator value.

o the highest intensity of agricultural and forest
land repurposement for industrial develop-
ment was observed in Pomerania (the Pomor-
skie and Zachodnio-Pomorskie Voivodeships),
and in the Lubuskie Voivodeship, while the
lowest, in the Opolskie and the Warminsko-
Mazurskie Voivodeships (Fig. 4).
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CONCLUSIONS

The study of the intensity of land transfor-
mations in the years 2003-2017 indicates the
existence of zone distribution in the voivode-
ships. This is especially evident in the case of
agricultural land repurposement. The intensity
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[:| Zx7 —Normalized indicator of changes in the use of agricultural and forestry lands for road infrastructure

Fig. 4. The voivodeships according to directions of agricultural and forest lands repurposement.

of changes was highest in the west and lowest
in the east regions of Poland. This depiction is
confirmed by other surveys on regional devel-
opment (Lazniewska, 2015; Nazarczuk, 2013;
Murawska, 2010) that demonstrate high diver-
sity in terms of the development potential and
investment attractiveness of regions, especially
between the voivodeships of the western and the
north-eastern Poland. However, some discrepan-
cy exists in the assessment of the Mazowieckie
\oivodeship, which is highly rated in economi-
cal rankings (Kldska, 2018; Drabarczyk, 2017),
but in the case of land use changes, it was evalu-
ated at a lower position.

A few voivodeships differ from others by ex-
hibiting an increased activity in agricultural and
forestry lands repurposement. Those changes in
land use are not limited to the transformation of

the land into residential areas, but also into in-
dustrial zones (the Lodzkie, Pomorskie and Lu-
buskie Voivodeships) or areas designated for road
transport development (the Pomorskie, Lubuskie
and Slaskie Voivodeships). This fact can serve as
evidence of both the growing investment activity
and in some cases, a catching-up process.

The study presents the statistical analysis
concerning the land-use changes for non-agri-
cultural and non-forest purposes in long-term
dimension and high level of generalisation.
However, the presented methods are applicable
not only at the regional level, but also at the sub-
regional one. It is a useful tool in the analysis
of land-use changes concerning the suburban ar-
eas or so called problem areas, the development
of which is falling behind in terms of meeting
infrastructure and service needs. The available
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statistical data enables to analyse the issue in
dynamic terms, comparing the land-use changes
during shorter periods of time (e.g. five-year pe-
riods) than in the in the presented studies.
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