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Abstract: Bearing in mind the relationships between the territorial management and the achievement
of sustainable development, studies regarding the land use changes are seen as pivotal. What is more,
they can also enable us to understand the dynamics and variables for proper territorial management.
Therefore, a retrospective study has been carried out regarding the land use changes in the Polish
territory in the years: 1990, 2000, and 2012, by means of GIS (Geographic Information Systems)
tools such as the CLC (Corine Land Cover). Moreover, and considering the complex dynamics,
patterns, and particularities that territories presents, a deep analysis of those land uses is critical
for the identification of barriers and opportunities for long-term sustained development. The study
enabled us to identify the land use changes in the last decades in the Polish territory—allowing us
to establish a relationship and identification of the associated barriers and opportunities within the
socioeconomic sphere.

Keywords: GIS tools; territory of Poland; land use changes; socio-economy; territorial governance
and management

1. Introduction

When it comes to the development of human societies, it is generally believed that its progress has
been affected by biological, physical, and climatological systems. For this reason and as a consequence
of these systems it is thought that the land cover has changed too [1]. Basically, due to the fact that
human beings have transformed the land by seeking essential materials so as to get their livelihood,
moreover, this process has been developed for thousands of years [2].

Precisely, if the alteration of the terrestrial surface is considered to be essentially caused by
anthropogenic activities, and taking into account the fact that the terrestrial cover is related to the
biophysical state of the surface of the Earth and its immediate subsoil, the concept “use of the earth
“can be understood as the way in which space is being occupied by human society and the use that is
made of the land by the local human population [3,4].

As for the study of the dynamics of land use change, satellite data has been shown to provide
a complete and useful record for the analysis of land uses on the terrestrial cover, since they collect
a wealth of data—considering the temporary sections or moments analyzed. Likewise, the obtaining
of cartography on land use implies the creation of a close link between the physical environment
that is analyzed and the socioeconomic characteristics of the analyzed societies that carry out or have
made specific use of the land. For this reason, the measurements made on the use and coverage of the
soil must follow a uniform classification system, to facilitate interpretation and achieve comparative
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analysis [4]. To this end, data sets have been created with certain characteristics that offer mostly an
observation by the global satellite of the Earth [5].

All of them are a great source of information, but Global Land Cover 2000 (GLC2000) stands out
among the available products since it has different mapping based on several standards that have global
or continental land cover [5]. Likewise, PELCOM (Pan-European Land Use and Land Cover Monitoring)
also stands out for having images with a resolution of 1 km and for having images from 1996 [6].

In this regard, highlights the inventory of Corine Land Cover (CLC or ‘Corine’), as it is one of the
most common databases used by organizations in Europe. It is special monitoring of land uses changes
in Europe have been carried out in a standardized manner. Contextually, the so-called inventory CLC
has been created from satellite standardized images. Also, note that CLC is co-financed by the Member
States of the European Union, the European Environment Agency (EEA) deals with its processing.

Certainly, this database has become a central element for the integration of the information system
of the EEA, because the processing took into account several land use coverages, consisting of the
guidelines of the System of Environmental and Economic Accounts (SEEA)—for “land and ecosystem” [6].
As a consequence, within the project where it is developed known as CORINE, this database is considered
with coverage of use in the European Union (EU) as very relevant, since it allows to reach a reliable
knowledge of the changes produced in the coverage of the soil throughout Europe [7].

Obtaining the CLC has been different between the different countries involved in the project.
On the one hand, there are countries located in the northern territory of Europe such as Germany,
Austria, Finland, Ireland, Iceland, Norway, the United Kingdom, and Switzerland, which since
2006 have obtained the CLC through techniques for generating national maps of their territories.
They had more detail. On the other hand, the rest of the countries have generated the CLC from
the photointerpretation of satellite images, the latter being the most common form in obtaining the
CLC [8].

Also, from the CLC, more detailed cartography has been obtained in countries such as Slovakia,
Hungary or Poland [8-12], giving a high value to this database. In fact, in these countries maps have
been obtained with a minimum of map unit (MMU) from 4, at scale 1:50,000, also having a legend
adapted to the specific geographical characteristics of the territory, thus achieving more intuitive
and easily understandable cartography [8]. Also, corroborating the validity of the techniques used,
they have been used for periods prior to 1990, which is when the production of the CLC begins [7].

Nonetheless, it is necessary to point out that countries such as Germany or Ireland have produced
the CLC using different techniques, modifying their methodology in the production of the cartography
that represents the use of the land of CORINE, varying the form of interpretation of the photographs [8].
In a similar way, it happened in the Netherlands, since the government decided to produce the CLC
independently [13,14].

Nevertheless, from the administrative and technical perspective, the potential of CORINE land
use maps is unquestionable, since it is a highly relevant tool for the analysis of land uses. This fact is
reflected in the INSPIRE 2007-2-EC directive [10], where the CLC is shown as one of the sets where
technical and semantic standardization has been achieved, constituting one of the most harmonized
European datasets [15-17].

This harmonization is put in value considering that there is tremendous heterogeneity in the maps
considered representative of the land cover since they are obtained by means of different underlying
methods and patterns [18]. In fact, each of these maps can be the result of a different approach adopted
to achieve the needs of a specific audience that will use this cartography. Therefore, on some occasions
for different methodologies in the process of obtaining cartography;, it is extremely difficult to separate
land use changes [17]. However, the objective of exploring the environmental, cultural, political and
socioeconomic factors of a territory, causes that the sets of data on land use become crucial since these
sets of factors affected by land use can influence decisively in making decisions about land use [19-21].

Precisely, these tools that allow to relate different factors to the use of the territory, become of
great pre-eminence in the design of the territories, since they acquire a tremendous relevance for
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decision-making, sometimes being considered as fundamental tools for planning of the territory,
through the definition of policies for the management of natural resources [22-24]. Because, for
efficient management of natural resources, it is considered essential not only what is the use of the
land, but also what is the distribution of the use made of the land, in order to carry out efficient
management of natural resources [4]. In fact, several initiatives have flourished with the aim of
studying the coverage and uses of land, its patterns, and even its dynamics, based fundamentally on
the need for knowledge and information on the state of the surface and occupation of our planet [5,6].
In this regard, analyzing and evaluating the distribution of land uses in Poland in the years 1990,
2000, and 2012 is the objective of this study. This study will explore territorial dynamics based on
trends and barriers. In this way, it will be possible to determine the opportunities for sustainable
growth and development, while identifying and analyzing the changes produced in land use.

2. Material and Methods

Contextually, the study was based, mostly, on Corine Land Cover (CLC)—which is a vector map
with a scale of 1:100,000, a minimum cartographic unit (MCU) of 25 ha. Therefore, it will be mapping
homogeneous landscape patterns. Also, the nomenclature is a 3-level hierarchical classification system
and has 44 classes (Table 1). In addition, a set of general rules were selected in order to deal with areas
smaller than 25 ha.

Furthermore, it was necessary to obtain the administrative divisions of the NUTS 2 (Nomenclature
of Territorial Units for Statistics) pertaining to Poland. In fact, the information supplied by the European
Environment Agency [25] enabled us to obtain the delimitation of the 16 voivodeships in the country
(Figure 1).
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Figure 1. Poland voivodeships. (Source: authors).

Subsequently, it was necessary to gather information on the socio-economic features concerning
these NUTS 2. In this sense, information on 19 variables was found (Table 2).

Initially, it was discussed whether the variables to be used followed a normal distribution—conducted
with the use of the Shapiro-Wilk test as the number of the NUTS 2 to be analyzed was sixteen. The results
showed that variables such as: unemployment rate (Task Force Survey), gross domestic product (GDP)
at current market prices by NUTS 2, share in national GDP, Euro per inhabitant and purchasing power
standard (PPS) per inhabitant, did not follow a standard distribution. The level of significance was less
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than 0.05. Therefore, a normalization of the variables was conducted so that all of them would have a
similar weight in the socio-economic classification of the 16 voivodeships.

Table 1. Corine Land Cover (CLC) nomenclature (Source: European Environmental Agency [25]).

Level 1 Level 2 Level 3

111 Continuous urban fabric
112 Discontinuous urban fabric
121 Industrial or commercial units

11 Urban fabric

12 Industrial, commercial, 122 Road and rail networks and associated land
. and transport units 123 Port areas
1 Artificial .
. 124 Airports
surfaces . 131 Mineral extraction sites
13 Mine, dump and ;
N . 132 Dump sites
construction sites 133 Construction sites
14 Artificial, non-agricultural 141 Green urban areas
vegetated areas 142 Sport and leisure facilities
211 Non-irrigated arable land
21 Arable land 212 Permanently irrigated land
213 Rice fields
221 Vineyards
2 Agricultural 22 Permanent crops 222 Fruit trees ar'ld berry plantations
223 Olive groves
areas 23 Pastures 231 Pastures
241 Annual crops associated with permanent crops
24 Heterogeneous 242 Complex cultivation patterns
agricultural areas 243 Land principally occupied by agriculture, with significant

areas of natural vegetation
244 Agro-forestry areas

311 Broad-leaved forest

31 Forests 312 Coniferous forest
313 Mixed forest
321 Natural grasslands
32 Scrub and/or herbaceous 322 Moors and heathland
3 Forest and vegetation associations 323 Sclerophyllous vegetation

semi-natural
areas

324 Transitional woodland-shrub
331 Beaches, dunes, sands
332 Bare rocks
333 Sparsely vegetated areas
334 Burnt areas
335 Glaciers and perpetual snow

33 Open spaces with little or
no vegetation

411 Inland marshes
412 Peat bogs
4 Wetlands 421 Salt marshes
42 Maritime wetlands 422 Saline
423 Intertidal flats

41 Inland wetlands

511 Water courses
512 Water bodies
5 Water bodies 521 Coastal lagoons
52 Marine waters 522 Estuaries
523 Sea and ocean

51 Inland waters

Again, the Shapiro-Wilk test was repeated which confirmed that all the analyzed variables have
been normalized since the significance amounted to p > 0.05.

Moreover, when the information from our data sample was collected, a large number of variables
was taken into account. However, there may be a high correlation between the variables used. For this
reason, the multivariate method called Principal Component Analysis (PCA) was used, which aimed
to transform a set of original variables into a new set of variables called principal components. In this
regard, the main components were characterized as being uncorrelated with each other and could be
ordered according to the information they have incorporated. In this way, as a measure of the amount
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of information incorporated in a component, its variance was used. Thus, the greater the variance,
the greater the amount of information that was incorporated.

Table 2. Variables used (Source: authors).

Variable Identifier Source
Population V1 Statistics Poland
Demographic dependency ratio V2 Statistics Poland

Average number of people in a household receiving social benefits in relation
to the average number of persons per household

Average monthly available income per capita in private households V4 Statistics Poland

Children covered by pre-school education in percentage of the total number of

V3 Statistics Poland

children at the age of 3-5 Vo Statistics Poland
Life-long learning of persons aged 25-64 V6 Statistics Poland
People at the age of 18-59 living in jobless households V7 Statistics Poland
Long-term unemployed persons in registered unemployed persons in total V8 Statistics Poland
Unemployment rate (Labour Force Survey) V9 Statistics Poland
Consumption of water in households during the year per capita V10 Statistics Poland
Consumption of electricity in households during the year per capita Vi1 Statistics Poland
Consumption of gas in households during the year per capita Vi2 Statistics Poland
Average monthly consumption of meat per capita V13 Statistics Poland
Average monthly consumption of vegetables per capita V14 Statistics Poland
Natural persons conducting economic activity per 100 persons of working age V15 Statistics Poland
Gross domestic product (GDP) at current market prices by NUTS 2 Vie Eurostat
Share in national GDP V17 Eurostat
Euro per inhabitant V18 Eurostat
Purchasing power standard (PPS) per inhabitant V19 Eurostat

Particularly after carrying out the PCA, it was verified that using 4 components, 82.031% of the
original variance was collected. Therefore, the dimension to four components was decided to be
reduced, losing as little information as possible (Table 3).

Table 3. PCA history (Source: authors).

cps 1 s Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues . .
Component Loadings Loadings
Total /o‘ of Cum:llatlve Total A). of Cum:ﬂatlve Total /o‘ of Cum:llatlve
Variance %o Variance Yo Variance Yo
1 10.178 53.568 53.568 10.178  53.568 53.568 5.315 27.976 27.976
2 2.301 12.108 65.676 2.301 12.108 65.676 4.162 21.906 49.882
3 1.804 9.495 75.171 1.804 9.495 75.171 3.167 16.671 66.553
4 1.303 6.860 82.031 1.303 6.860 82.031 2.941 15.478 82.031

Next, a strategy to classify the 16 voivodeships into groups according to their degree of
socioeconomic development was developed. For this reason, the multivariate technique called cluster
analysis was used, since its main purpose is to group objects forming clusters of objects with a high
degree of internal homogeneity and external heterogeneity. In addition, groups are not known a priori
in this type of technique.

In this regard, the selection of variables was performed considering only those, that were relevant
for the classification and the PCA had been previously conducted. The other reason is that the cluster
analysis is very sensitive to the presence of atypical components.

Once the atypical components were detected, the similarity between them was measured by
means of the proximity matrix using squared Euclidean distances (Tables 4 and 5).

In this way, the measure of correspondence or similarity between the components that were
intended to be grouped was determined.
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Table 4. Proximity matrix by means of squared Euclidean distances for measuring similarity between voivodeships (Source: authors).
Case 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.000 7.274 6.048 3.082 3.441 15.615 2.202 2.610 8.157 8.594 6.287 2.908 5.705 5.477 5.283 13.434
2 7.274 0.000 9.469 4.080 11.046 21955 13.731  15.052 19.763  11.096  12.835 5.191 20.691  10.150 7.795 19.673
3 6.048 9.469 0.000 2.185 5.571 6.263 12.690 7.323 7.089 1.287 8.138 3.100 6.586 5.711 5.062 12.227
4 3.082 4.080 2.185 0.000 3.602 9.489 7.490 5.105 8.043 3.704 4.505 0.723 9.902 2.239 1.871 8.195
5 3.441 11.046 5.571 3.602 0.000 6.071 3.698 2.101 12.612  10.693 8.865 5.918 9.898 3.423 7.498 9.954
6 15.615  21.955 6.263 9.489 6.071 0.000 18.416 10928 18498 11438 17.257 13.556  16.838 8.844 14472 13.421
7 2.202 13.731  12.690 7.490 3.698 18.416 0.000 1.759 12242 16.825 7.970 7.578 10.179 6.295 8.892 12.611
8 2.610 15.052 7.323 5.105 2.101 10.928 1.759 0.000 6.715 10.465 4.804 5.186 6.307 3.198 5.750 7.588
9 8.157 19.763 7.089 8.043 12,612 18498 12242 6.715 0.000 4.730 3.271 4.925 4.885 7.706 4.549 9.625
10 8.594 11.096 1.287 3.704 10.693 11438  16.825  10.465 4.730 0.000 6.902 3.013 7.582 7434 4.204 12.449
11 6.287 12.835 8.138 4.505 8.865 17.257 7.970 4.804 3.271 6.902 0.000 2.464 11.294 2.315 0.875 3.210
12 2.908 5.191 3.100 0.723 5.918 13.556 7.578 5.186 4.925 3.013 2.464 0.000 8.407 2.774 0.726 7.848
13 5.705 20.691 6.586 9.902 9.898 16.838  10.179 6.307 4.885 7.582 11.294 8.407 0.000 12985  11.420  20.495
14 5.477 10.150 5.711 2.239 3.423 8.844 6.295 3.198 7.706 7.434 2.315 2.774 12.985 0.000 1.794 2.228
15 5.283 7.795 5.062 1.871 7.498 14.472 8.892 5.750 4.549 4.204 0.875 0.726 11.420 1.794 0.000 4.387
16 13.434  19.673 12227 8.195 9.954 13.421 12611 7.588 9.625 12.449 3.210 7.848 20.495 2.228 4.387 0.000

1-L6dzkie voivodeship; 2-Mazowieckie voivodeship; 3-Malopolskie voivodeship; 4-Slaskie voivodeship; 5-Lubelskie voivodeship; 6-Podkarpackie voivodeship; 7-Podlaskie voivodeship;
8-Swietokrzyskie voivodeship; 9-Lubuskie voivodeship; 10-Wielkopolskie voivodeship; 11-Zachodniopomorskie voivodeship; 12-Dolnoslaskie voivodeship; 13-Opolskie voivodeship;
14-Kujawsko-pomorskie voivodeship; 15-Pomorskie voivodeship; 16-Warminisko-mazurskie voivodeship.

Table 5. Related cases corresponding to 16 voivodeships in Poland. (Source: authors).

Case

1: Lodzkie voivodeship

5: Lubelskie voivodeship

9: Lubuskie voivodeship

13: Opolskie voivodeship

2: Mazowieckie voivodeship

6: Podkarpackie voivodeship

10: Wielkopolskie voivodeship

14: Kujawsko-pomorskie voivodeship

3: Matopolskie voivodeship

7: Podlaskie voivodeship

11: Zachodniopomorskie voivodeship

15: Pomorskie voivodeship

4: Slaskie voivodeship

8: Swietokrzyskie voivodeship

12: Dolnoélaskie voivodeship

16: Warminisko-mazurskie voivodeship
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Likewise, with regard to obtaining the clusters, the hierarchical procedure and the algorithm of
the furthest neighbor were used. In this way, the fusion coefficients showed us that the process could
be stopped when there were 3 clusters. Thus, 3 clusters of voivodeships in Poland were obtained,
grouped according to their socioeconomic development.

Subsequently, taking into account the descriptive statistics of each of the obtained groups, such as
the arithmetic mean of the variables originally analyzed, it could be determined which of them
displayed the highest, average, and lowest socioeconomic development.

Once the three clusters obtained have been characterized, taking into account land use in Poland
through the use of Corine Land Cover, the number of hectares devoted to the different land uses in
the three obtained socio-economic development classes was determined. To achieve this, ArcGIS 10.5.
was used, analyzing the layer that delimits voivodeships and land uses. This analysis procedure was
carried out for the years 1990, 2000, and 2012. In this way, it was be possible to obtain a perspective of
how land use varied during the years under analysis. Moreover, it enabled to observe how the amount
of land allocated to a certain use can influence the socioeconomic development of the three groups of
voivodeships identified.

In order to simplify and enable a graphic understanding of the used methodology, the following
scheme has been carried out (Figure 2).

Acquiring Corine Land Cover

N2

Obtaining of Polish NUTS 2 administrative divisions

A4

Gathering of Polish NUTS 2 socio-economic information

\Z

Using of the Shapiro-Wilk test

A4

Normalization of the variables

\Z

Execution of the Shapiro-Wilk test again

A4

Using of the Principal Component Analysis

A4

Detection of atypical components

A4

Measuring of the similarity between the principal components

\%

Using of the hierarchical procedure and the algorithm of the furthes neighbor

Figure 2. Used methodology (Source: authors).
3. Results

The results come from the analysis of the land use (changes) for Poland in the years of 1990, 2000,
and 2012. The results are exposed by means of maps, graphs, and tables. This way of presenting the
results allows us to extract the most relevant information and to characterize the evolution of land use
based on the uses determined by the CLC. The information is organized as presented in Figures 3-5
(regarding the following years: 1900, 2000, and 2012, respectively) and the Tables 6-11—in percentage.
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Figure 3. Land use in Poland—back in 1990.
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Figure 4. Land use in Poland—back in 2000.

Table 6. Percentage of artificial surfaces according to Corine land cover nomenclature for level 3 in

Poland in 1990, 2000, and 2012 (Source: authors).

Code 111 112 121 122 123 124 131 132 133 141 142
1990 0.03 247 032 0.04 001 0.07 010 0.04 002 0.09 0.11

Year 2000 003 3.13 033 004 001 006 012 0.04 001 0.05 017
2012 0.03 458 039 008 0.01 007 016 0.04 006 0.09 0.19

Note: The highest value found is in bold.

8of 19
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Figure 5. Land use in Poland—back in 2012.

Table 7. Percentage of agricultural areas according to Corine land cover nomenclature for level 3 in
Poland in 1990, 2000, and 2012 (Source: authors).

Code 211 222 231 242 243

1990 44.82 0.29 8.89 5.58 4.90

Year 2000 44.66 0.41 8.72 4.54 4.64
2012 43.60 0.52 8.82 2.76 4.07

Note: The highest value found is in bold.

Table 8. Percentage of forest and semi-natural areas according to Corine land cover nomenclature for
level 3 in Poland in 1990, 2000, and 2012 (Source: authors).

Code 311 312 313 321 322 324 331 332 333 334

1990 4.71 1779 708 015 0.01 059 002 0.01 008 0.01
Year 2000 4.82 17.88 739 011 001 09 001 0.01 0.03 0.00
2012 492 1805 789 012 001 170 001 0.01 0.03 0.00

Note: The highest value found is in bold.

Table 9. Percentage of wetlands according to Corine land cover nomenclature for level 3 in Poland in
1990, 2000 and 2012 (Source: authors).

Code 411 412

1990 0.35 0.03

Year 2000 0.32 0.03
2012 0.33 0.03

Note: The highest value found is in bold.

Through the analysis of Figure 3, it is possible to easily identify the greatest predominance
of agricultural areas with scarce urban agglomeration. Also, their associated artificial surfaces are
well-defined, mostly in the centre and south of the country.

There are also several areas of forest and semi-natural areas, mainly in borderland or peripheral
areas, which can be easily explained by the associated mountainous elements in those areas.
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These elements are used all over the globe as morphological or natural barriers establishing the
borderline. Wetlands and water bodies are well defined, and they can be identified all over the territory
with higher predominance towards the north of Polish territory.

Table 10. Percentage of water bodies according to Corine land cover nomenclature for level 3 in Poland
in 1990, 2000, and 2012 (Source: authors).

Code 511 512 521 523

1990 0.24 1.17 0.00 0.00

Year 2000 0.24 1.22 0.00 0.00
2012 0.24 1.26 0.00 0.00

Note: The highest value found is in bold.

Table 11. Percentage evolution of land uses for level 1 according to Corine land cover nomenclature in
1990, 2000, and 2012 in Poland (Source: authors).

Level Artificial Agricultural Forest and Wetlands Water
Surfaces Areas Semi-Natural Areas Bodies
1990 3.30 64.48 30.45 0.38 1.41
Year 2000 3.99 62.97 31.21 0.35 1.46
2012 5.70 59.70 32.74 0.36 1.50

Through the analysis of Figure 4, and comparing it with Figure 3, not much has changed at a first
sight. Nevertheless, it is possible to observe the increase in the urban agglomerations and consequently
in their associated artificial surfaces, and the development of new nuclei.

In fact, the agricultural areas were the most predominant all over Poland back in 2000.
Nevertheless, a decreasing trend is visible—in comparison with 1990—once the artificial surfaces have
occupied some agricultural areas.

Also, the forest and semi-natural areas have changed. They increased in comparison with 1990. On
the other hand, the area of wetlands and water bodies was basically maintained to the values from 1990.

When analyzing Figure 5 and comparing it with Figures 3 and 4, it is possible to confirm
the tendency, i.e., the increase in the urban agglomerations and their associated artificial surfaces,
the development of new nuclei, the increase in forest and semi-natural areas.

Also, agricultural areas are the most predominant all over Poland, there is still a downward trend
visible—in comparison with 1990 and 2000. Similarly, wetlands and water bodies maintained the same
area in 1990 and 2000.

Therefore, each one of the CLC levels will be detailed and discussed.

The behavior of the artificial surfaces is visible in data presented in Table 6. By far the highest
values have been found on the land use 112 (discontinuous urban fabric), which has also increased
over the years (where the tendency is located). The second most representative land use, considering
artificial surfaces, is for the uses 121, 142, and 141 (industrial or commercial units; sport and leisure
facilities, and green urban areas), which present high values within land uses.

Through the analysis of Table 7, it is possible to verify the behavior of the agricultural areas;
the highest values have been clearly found in one single land use, the 211—non-irrigated arable
land—which decreased over the years. The second most representative land use, considering agricultural
areas, is for the use 231 (pastures); followed by the land uses 242, and 243 (complex cultivation patterns;
land principally occupied by agriculture, with significant areas of natural vegetation).

Table 8 shows the behavior of forest and semi-natural areas; with the highest values found in
one land use, namely 312—coniferous forest—which has increased over the years. The second most
representative land use, forest and semi-natural areas, is for the use 313 (mixed forest); followed by the
land use 324 (transitional woodland-shrub).
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Regarding wetlands (Table 9), the highest values refer to the land use 411, namely inland marshes,
which has shown a small decrease over the years. Furthermore, the water bodies surfaces are presented
(Table 10).

Finally, the land use regarding water bodies has increased over the last decades.

Furthermore, it is possible to verify that in most of the cases there is some kind of ‘stability
in the land use. However, the land use 211 (agricultural areas—non-irrigated arable land)
should be highlighted here, which has been significantly decreasing over the last decades, and
consequently the land use 312 (coniferous forest) and 112 (discontinuous urban fabric) have increased.
However, those decreases and increases are not so high in comparison with other territories e.g., the
Iberian territories, most of the south European territories or even the neighboring countries such as
Germany, Slovakia, or the Czech Republic [8]. All the above areas have undergone much more changes
in their land uses over the years. Thus, this graph is much more stable although some relevant changes
have also occurred.

Changes over the last decades according to the level 1, 2, 3, 4, and 5 (artificial surfaces; agricultural
areas; forests and semi-natural areas; wetlands, and water bodies) are presented in Table 11. By far,

’

the most representative level is the second one (agricultural areas), followed by forest and semi-natural
areas (3), which has increased over the last years in Polish territory, following the same tendency is the
land use 1 (artificial surfaces).

Advanced Statistical Analysis

The three clusters obtained allow grouping of the voivodeships into three classesi.e., 1,2,3. In this
regard, the Table 12 shows the grouped voivodeships which are results of the calculation procedure.

Likewise, once the voivodeships have been classified, they can be characterized based on
descriptive statistics, as the arithmetic mean of the 19 original variables, as can been seen in Table 13.

In this way, it can be identified that the most developed class from the socioeconomic perspective
is class 1, followed by class 2 and finally class 3 (Figures 6 and 7). Interestingly, from the most
developed class 1, through the class 2 of medium development until reaching the less developed class
3 the number of voivodeships is increasing. Even class 1 is composed of only 1 voivodeship.

it

NUTS2 classified by socioeconomic development

IN a7 owwii ecle €]

Wielkopolskie

Opolskie
Legend
Malopolskie Socioeconomic development

Dolnoslaskie

ETRS89
POLAND C592

B Ceveloped little
|:| Developed moderately

[ Developed highly

e Km
0 80

Figure 6. Voivodeships classified by socioeconomic development (Source: authors).
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Table 12. Voivodeships grouped into three resulting classes (Source: authors).

Class Voivodeship Class Voivodeship Class Voivodeship
Lodzkie
Matopolskie Lubelskde .
PRI Podkarpackie
Slaskie X
Lubuskie _ Podlaskie
Class 1 Mazowieckie Class 2 X . Class 3 Swietokrzyskie
Wielkopolskie . .
eLs Zachodniopomorskie
Dolnoslaskie . .
. Kujawsko-pomorskie
Opolskie .
Pomorskie

Warminsko-mazurskie

Table 13. Characterization of socioeconomic classes according to the arithmetic mean of the original
variables. (Source: authors).

Variable Class 1 Class 2 Class 3
Vi 5,365,898 2,722,861.83 1,963,439.33
\ 33.8 32.37 3241
V3 0.33 0.36 0.39
V4 1780.88 1468.53 1371.21
V5 88 82.85 76.72
\ 5.8 322 3.27
V7 6.7 8.4 9.48
V8 454 36.65 41.14
V9 55 5.08 7.52
V10 859.7 769.48 692.63
Vi1 161.9 112.22 79.79
V12 379 30.87 31.29
V13 5.13 5.19 5.69
Vi4 8.34 8.27 9.3
V15 155 1243 11.31
Vie6 9,4526 30,416.83 16,550.44
V17 22.19 7.14 3.89
V18 17,600 10,700 8733.33
V19 31,700 19,200 15,688.89

Dendrogram using Complete Linkage
Rescaled Distance Cluster Combine

o 10 15 20 25
L 1 1 1 1

[=]

Slgskie voivodship 4

Dolnoslgskie voivodship 12

Matopolskie voivodship

T

Wielkopolskie voivodship 10
Lubuskie vaoivodship 9
Opolskie voivodship 13
Podiaskie voivodship 7 | —
Qwie{okrzyskie voivodship 8 7
-
Léclzkie voivodship 1

o

Lubelskie voivodship

Zachodniopomarskie voivodship 11

Pomorskie voivodship 15

Kujawsko-pomorskie voivodship 14 |

Warmifisko-mazurskie voivodship 16

Podkarpackie voivadship 6

Mazowieckie voivodship 2

Figure 7. Dendogram with the Voivodeships classified by socioeconomic development (Source: authors).
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4. Discussion

From the results, it can be affirmed that in Mazowieckie, there is a great consensus of
socio-economic development. Even if we look territorially at the position of each of the voivodeships
(Figure 1), it can be seen that this voivodeship is surrounded by others, which are in the most
disadvantaged class (class 3). Therefore, Mazowieckie absorbs the socio-economic resources of the
nearest voivodeships, through an effect of magnetism and the influx of people from less-developed
voidopships to Mazowieckie.

Class 1 (Table 12), is characterized as the most populated one since the population variable is
superior to the other two classes. Also, this class is also the most densely populated, since it is only
composed of only one voivodeship and in the other classes, there are more voivodeships with greater
territorial extension. From the economic perspective (Table 13), this class also stands out as being the
one with the highest purchasing power, and where there are fewer economically dependent people
in the same household her and the lowest number of unemployed people. These aspects cannot be
omitted. As far as consumption is concerned, the population in this class stands out as the largest
consumer of electricity and gas (Table 13). Therefore, the population of class 1 seems to be very
dependent on these two types of energy. Likewise, they are also the biggest consumers of water.
Although, it is only slightly above the residents in the other two classes. From the educational point of
view, it also stands out as the most educated population, as indicated by the variables associated with
this thematic aspect (Table 13). The variables were obtained by referring this population to educational
coverage in the pre-school stage and taking into account the number of people between 25-64 years
who are receiving training.

With regard to class 2, the values of the variables analyzed between classes 1 and 3 are presented
in Table 13. However, this is not always the case, as one might expect, since the training of people
between 25-64 years old is the lowest of all classes. Therefore, it can be affirmed that in this class
the population is acquiring less training, even less than the most disadvantaged class classified from
the socioeconomic perspective. Also, the number of unemployed people in this class is less than in
the other two. Also, from the consumer perspective, this class stands out due to consuming slightly
less water than the other two classes. In general, taking into account the above variables, the people
living in this class are people who devote greater effort to the performance of professional tasks,
without taking into account that in the future they may be more disadvantaged due to receiving less
training compared to the residents of the other two classes.

With regard to class 3 (Table 13), which is the most disadvantaged from the socioeconomic
perspective, it should be noted that although the values of the variable dependency ratio are
approximately equal, it stands out as the superior value found in class 3. Similarly, it can also
be stated that the population in this class is the one with the most social benefits per household.
Therefore, the population in this class is characterized as being the most dependent and the most
subsidized. From the educational point of view, it is noticeable that the variable associated with
pre-school educational coverage is the lowest of all classes (Table 13). However, the one associated
with life-long learning of persons aged 25-64, is higher in class 3 than in class 2. This indicates that the
population of class 3 is acquiring more training than class 2.

From the economic perspective, as could be expected, class 3 (Table 13) is the most disadvantaged.
Also, it should be pointed out that from the consumer’s point of view this class stands out as being
the largest consumers of meat and vegetables. Therefore, this population, without having the same
economic resources as the other two, can have access to a diet whose nutrition is of equal adequacy
to the one which can be obtained by the population of the other two classes with more economic
resources. Subsequently, the number of land uses obtained from Corine Land Cover for the years: 1990,
2000, and 2012 was analyzed, taking into account each of the socio-economic development classes.

Besides, according to the land uses, surface changes on Polish territory over the years in class 1
correspond to 11.258% of the national soil, there is a smaller variety of land uses. In this way, a more
intensive and productive use of the soil is obtained. This trend is reversed as the classes are less
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socio-economically developed. Thus, it is shown that a greater variety of land use is associated with
the less socioeconomic development of the territory. Taking into account that class 2 occupies 31.424%
and class 3 occupies 57.319%, it can be determined that more than half of the land is allocated to
activities that are not beneficial from the socioeconomic perspective. Moreover, only a little more than
one-tenth of the soil attracts the most developed land use activities.

Regarding the variety of land uses, it can also be observed that from 1990 to 2012 in class 1
the number of uses is reduced, leading to a specialization of land uses. This effect also occurs in
class 2, but not in class 3, where the number of land uses in 2012 is higher than in 2000. The three
Figures 3-5 show us that the greatest amount of land use always corresponds to a non-irrigated arable
land. Obviously, this land use is not productive. In fact, its quantity is greater than the degree of
socio-economic development of the class considered is lower. Therefore, this soil to a large extent
determines the socio-economic development of the territory in Poland.

Taking into account the lower values in Figures 2—4, it can be seen that in the analyzed years they
always correspond to the land uses 111,122, 123, 124, 131, 132, 133, 141, 142, 222, 321, 322, 331, 332,
333, 334, 411, 412, 511, 521, and 523. Therefore, there is a great variety of land uses, but they are not
significant for the socioeconomic development of the country. One could think about the possibility
of transforming these land uses into others that would be more influential in the socioeconomic
development of the country.

Also, it can be observed that there are no great variations in Figures 6 and 7 with respect to the
amount of a certain land use. However, interestingly, for all the classes analyzed, there is the same
pattern of variation in land uses throughout the years under analysis. The Figures 3-5 show that there
are slight variations in the use of 112 (discontinuous urban fabric) progressively increasing from 1990 to
2012 and showing the urban expansion that has occurred over these years. They also show the increase
in the use of land over the years for uses 312 (coniferous forest) and 324 (transitional woodland shrub),
showing a preservation of forests to the detriment of other areas, possibly non-irrigate arable land.

In this regard, there is a different trend showing a decrease in land use 211 (non-irrigated arable
land), 242 (complex cultivation) and 243 (land principally occupied by agriculture, with significant
areas of natural vegetation). Therefore, there is a tendency to increase agricultural land use.

In view of the above, it can be stated that the evolution of land uses in Poland has followed
the same territorial pattern in terms of land use modification, independently of the socioeconomic
development of each region. However, the increase or decrease in land uses that have varied can
determine the socio-economic development of the different Polish territories.

The above case of Poland allowed us to observe the changes of many different factors and indicators,
which could be analyzed in the process of territorial management. Obviously, the development is
understood as the improvement in the efficiency of the territorial system functioning, increase in equal
access to goods and services, and improvement in the quality of the natural environment of a specific
place or territory [25]. Therefore, the analysis of changes that take place in the territory is the first
step to manage territorial development effectively. In the context of modern public management,
the development in the territorial dimension forces the necessity of greater emphasis on using the
development potential of the regions [26]. Development initiatives should lead to desired changes in
a given territory. First, however, it is necessary to identify the changes directions and trends to answer
the important questions regarding the development priorities [27]. There is no single recipe regarding
effective territorial management. Before choosing a management model it is necessary to specify:

(i) What problems these areas can solve, using methods and instruments in the field of
development management, and which require the creation of new administrative units to improve
this management?

(i) What competences and the resulting management tools should be at the disposal of the new
power structure, if such arises?
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It is very important for the public politics and strategies to foresee certain phenomena, changes
that should be managed in the future. Identification of these processes is not possible without constant
observation of changes that take place in a given territory.

The conditions for the development of territorial units are diverse and this should be the
determinant of creating development activities. Development phenomena and processes are
assigned to a specific territory regardless of whether their driving force is endogenous or exogenous.
The specified territory bears the costs and it is the beneficiary of these phenomena and processes.

All public policies have, to a lesser or greater extent, an impact on the territory. In development
policies, territory is an area that includes the involvement of administrative authorities that operate
within the limits of their legal authority. This leads to a fragmentation of responsibility for development
in territorial terms, which does not respect administrative boundaries. The external effects of
development or emerging systems of functional connections affect and include various administrative
units. In Poland, both the government administration and local government units of three levels
(voivodeship, district, and commune) are responsible for territorial management. It is not simple
to harmonize their actions and find a compromise in which direction the area should develop.
Therefore, objective results of observing changes taking place in a given territory may provide
arguments for the best solutions. Public politics and strategies have no power to define all conditions
of territorial development, because some aspects depend on different other entities, such as enterprises
and nongovernmental organizations [28].

It should be emphasized that the internationalization of development processes affects the level
of freedom regarding the location of various organizations and increases the possibilities of selecting
the most favorable places for them to undertake activity. In such a situation, despite the possible
diversion of their interests, the regions are integrated by a joint venture that benefits all its participants.
And finally, the regions’ socio-economical position depends on many organizations and their activities.

The phenomenon of cooperation and competition of entities as well as regions has a significant
impact on the development in territorial terms from the perspective of the possibility of managing
this development [29]. The concept of competitiveness is present in the strategies and plans for
the development of cities, regions and territorial systems of various scales. It has become part of
the paradigm of modern development and as such is the premise for formulating strategies and
development plans.

Spatial diversities at the level of development, administrative divisions and the presence of the
paradigm of competitiveness in the policies of authorities are issues of a different nature. Nevertheless,
they are all equally important from the point of view of the territorial dimension of development.
Introduction to the practice of managing the development of the territorial dimension becomes a
challenge that requires an innovative approach to management, including innovation in the institutions
responsible for programming and planning. Relations in the system, authority—competence-territory,
need to be redefined, taking into account several factors including the multiplicity of entities involved
in governance, the need to share power and competences, and the requirement of cooperation between
different levels of administration and management [30]. The transfer of newly defined relations into
the practice of territorial development management depends on the quality of the decentralization
of the country and related factors such as social capital, the level of trust and culture of cooperation
between public authorities and with other private and social partners.

Territorial governance consists in formulating and implementing public policies, programs,
and development projects that relate to a specific place or territory. These include policies related to
spatial development of the area. Territorial governance manifests itself in integrating sectoral policies,
coordinating the activities of various actors from many levels, improving multi-level governance,
mobilizing and involving stakeholders, adapting policies to changing conditions of development,
including in particular changes in the spatial context. The issue directly related to the effectiveness
of territorial governance is the division of competences between various levels of authority, and in
particular—the location of tasks in the field of spatial planning. The planning authority of the basic
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level administration units in many countries is the reason for conflicts and the lack of coordination
of activities aimed at development. It is difficult and time-consuming to reach a consensus about
development directions and methods of achieving development goals within the existing institutional
structures. The number of actors and the diversity of objectives pursued by them, as well as the
intensity of management require coordinating management actions in order to make the territorial
system functional [31]. In Poland the key the document regulating all these issues is ‘Concept of Spatial
Development of the Country 2030 [32], which is an example of public policy, implemented in order to
eliminate the effects of a disordered spatial management system in Poland.

5. Conclusions

Through the present study it is possible to understand the impact of the land use changes and
their dynamics on the specific territory of Poland, especially when it comes to its impact on public
management. Also, throughout the analyses of the land use change patterns, along with empirical
knowledge of the territory, directions for a sustainable development have been described. It is possible
to verify how Polish territory is gradually changing its land uses from agricultural to artificial surfaces.
Moreover, the increase in forest and semi-natural areas takes place simultaneously—revealing an
interesting tendency in the territorial conservation.

Local government policy, development strategies and preferences of the rapidly growing middle
class are the factors which have the greatest influence on changes in land cover, including urban
expansion. The quality of spatial planning, including spatial development plans and public
transport development programs ensuring the availability of specific areas for residential or industrial
development, generally depend on the local authorities. The direction of these changes in Poland
are also given by government programs, e.g., ‘Housing for the Young’, which stimulate real estate
development investments. On the other hand, consumer preferences regarding moving from the city
to the country are also associated with ensuring the presence of forests and recreational areas in their
environment. The financial aspect is also significant. By reclassifying arable land into land used for
development and then selling it, local self-governments receive additional revenues. Therefore, spatial
planning can be considered an important aspect of public management.

The results obtained were compared with the study findings prepared by Polish scientists [33].
They confirmed the trends identified in the paper regarding changes in the forms of land use,
especially in the field of residential development. In the central region (Mazowieckie voivodship
and the L6dz voivodship), arable land and forests dominate in the overall land cover structure.
Between 1990-2006, the highest increase was recorded, among others urbanized zones, which arose
at the expense of mixed crops. In turn, new sets of woody and shrub vegetation, new industrial,
commercial and communication zones appeared mainly on arable land. In the south-western region
(Lower Silesian voivodship and Opolskie voivodship), the greatest number of crops, meadows and
pastures disappeared, whereas the greatest number of urban buildings, forests and tree and shrub
vegetation appeared. In the southern region (Silesian Voivodship and Lesser Poland Voivodship) the
largest areas are occupied by arable land and forests.

Furthermore, there are mixed cultivation areas, meadows and pastures, i.e., rural areas and only
then residential areas. This region is characterized by extremely dynamic spatial changes, which mainly
concern housing development. It shrunk in favor of other forms of land cover including among others
afforestation. The analysis prepared for the northern region (Pomorskie, Kuyavian-Pomeranian,
and Warmian-Masurian voivodships) indicates that land cover is mainly arable land, forests,
mixed crops, meadows and pastures. The share of urban development, industrial, commercial and
communication areas is scarce. In turn, the north-west region (Zachodniopomorskie voivodship,
Wielkopolskie voivodship, and Lubuskie voivodship) still has a high share in land cover index,
mainly consisting of meadows, pastures, forests, and arable lands. However, the percentage share
of the most urbanized area is systematically growing. Both the north and north-west regions are
characterized by a twofold increase in urbanized areas.
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Apart from that, it is possible to verify that the changes over land uses in Poland in the last
two decades did not follow the tendency of the neighboring countries of Poland, such as Germany,
Slovakia, and the Czech Republic, were the land use changes were not so smooth but much more
radical. In fact, the results and tendencies obtained in Poland are much closer to countries like Slovenia,
Malta, Cyprus, Hungary, Ireland, Bulgaria, Belgium, or France [8,34].

In fact, the land uses can be understood as the footprints of our strategies and policies
carried out over a territory, where the past can be assessed, the present understood and the future
envisioned [34,35]. In Polish conditions, it can be stated that spatial planning does not fulfill its role,
especially when the local spatial development plans cover only 28 per cent of the country’s area,
often including areas with limited investment opportunities. Firstly, planning regulations require areas
of urban agglomerations, agricultural areas, and meadows. Taking into account the development
indicators within the next 150-210 years, it is clear that land designated for development is of greater
importance than the so-called demographic absorptiveness, i.e., the number of inhabitants who can
settle down there. This means that space, capital, and the natural environment have been wasted.
An exceptionally large area was built in Poland despite the threat of floods or landslides. There is also
no land reserves for public supra-local investments, e.g., for transport purposes [36—41]. The described
problems could be even partially solved thanks to the implementation of the ‘Concept of Spatial
Development of the Country 2030’ [32], which is an example of public policy, implemented in order to
eliminate the effects of a disordered spatial management system in Poland.

Limitations and Future Research Directions

Although this research expands our understanding of the relationship between land use changes
and socioeconomic impacts on territorial management worthwhile prospects of future research remain.

Besides, this typology of study could easily be transferred to other locations (countries).
Nevertheless, the recommended strategies to achieve a most sustainable environment cannot be
used in another case studies without a previous deeply analysis of the results cause a suit do not fit
them all. In fact, every region/country has its own growth dynamics and patterns. Thus, it is possible
to reply the study but not the same strategies; “different outcomes, different approaches”.

Furthermore, the authors believe that a possible update for the study is to include new variables—i.e.,
cultural, political-strategic, or the environmental—or to analyze the land uses on a border context.

Contextually, and considering the relevance of the issue, further studies/researches and close
monitoring of the shifts over land uses are crucial to enrich this subject.

Author Contributions: All the authors contributed equally in the development of the present paper. For the
proper paper development, all the phases have been discussed and worked by the authors.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no potential conflicts of interest with respect to the research, authorship,
and/or publication of this article.

References

1. Marchant, R.; Lane, P. Past perspectives for the future: Foundations for sustainable development in East
Africa. . Archaeol. Sci. 2014, 51, 12-21. [CrossRef]

2. Sahle, M.; Yeshitela, K. Dynamics of land use land cover and their drivers study for management of
ecosystems in the socio-ecological landscape of Gurage Mountains, Ethiopia. Remote Sens. Appl. Soc. Environ.
2018. [CrossRef]

3.  Meyer, W.B.; Meyer, W.B.; Turner, B.L., I. Changes in Land Use and Land Cover: A Global Perspective; Cambridge
University Press: Cambridge, UK, 1994; Volume 4.

4. de Campos Macedo, R.; Schmitt Filho, A.L.S.; Farley, ].C.; Fantini, A.C.; Cazella, A.A.; Sinisgalli, PA.d.A.
Land use and land cover mapping in detailed scale: A case study in santa rosa de lima-sc. Bol. Ciénc. Geod.
2018, 24, 217-234. [CrossRef]


http://dx.doi.org/10.1016/j.jas.2013.07.005
http://dx.doi.org/10.1016/j.rsase.2018.09.002
http://dx.doi.org/10.1590/s1982-21702018000200015

Sustainability 2019, 11, 1354 18 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bartholome, E.; Belward, A.S. GLC2000: A new approach to global land cover mapping from Earth
observation data. Int. ]. Remote Sens. 2005, 26, 1959-1977. [CrossRef]

Garcia-Alvarez, D.; Camacho Olmedo, M.T. Changes in the methodology used in the production of the
Spanish CORINE: Uncertainty analysis of the new maps. Int. |. Appl. Earth Observ. Geoinf. 2017, 63, 55-67.
[CrossRef]

Feranec, J.; Jaffrain, G.; Soukup, T.; Hazeu, G. Determining changes and flows in European landscapes
1990-2000 using CORINE land cover data. Appl. Geogr. 2010, 30, 19-35. [CrossRef]

Naranjo Gémez, J.; Loures, L.; Castanho, R.A.; Cabezas, J.; Fernandez-Pozo, L.; Lousada, S.; Escércio, P.
Assessing Land-Use Changes in European Territories: A Retrospective Study from 1990 to 2012. In Land
Use—Assessing the Past, Envisioning the Future; InTech: London, UK, 2018.

Suau-Sanchez, P.; Burghouwt, G.; Pallares-Barbera, M. An appraisal of the CORINE land cover database in
airport catchment area analysis using a GIS approach. J. Air Transp. Manag. 2013, 34, 12-16. [CrossRef]
Goerlich, EJ.; Cantarino, I. A population density grid for Spain. Int. J. Geogr. Inf. Sci. 2013, 27, 2247-2263.
[CrossRef]

van Vliet, J.; de Groot, H.L.E; Rietveld, P.; Verburg, P.H. Manifestations and underlying drivers of agricultural
land use change in Europe. Landsc. Urban Plan. 2015, 133, 24-36. [CrossRef]

Levers, C.; Miiller, D.; Erb, K.; Haberl, H.; Jepsen, M.R.; Metzger, M.].; Meyfroidt, P; Plieninger, T.; Plutzar, C.;
Stiirck, J.; et al. Archetypical patterns and trajectories of land systems in Europe. Reg. Environ. Chang. 2015.
[CrossRef]

Hazeu, G,; Biittner, G.; Arozarena, A.; Valcarcel, N.; Feranec, J.; Smith, G. Detailed CLC Data: Member States
with CLC Level 4/Level 5 and (Semi-) Automated Solutions. In European Landscape Dynamics: CORINE Land
Cover Data; CRC Press: Boca Raton, FL, USA, 2016; pp. 275-304.

Biittner, G. CORINE land cover and land cover change products. In Land Use and Land Cover Mapping in
Europe; Springer: New York, NY, USA, 2014; pp. 55-74.

European Union. Directive 2007/2/EC of the European Parliament and of the Council of 14 March 2007 Establishing
an Infrastructure for Spatial Information in the European Community (INSPIRE); Official Journal: Brussels,
Belgium, 2007.

Modugno, S.; Balzter, H.; Cole, B.; Borrelli, P. Mapping regional patterns of large forest fires in
Wildland-Urban Interface areas in Europe. . Environ. Manag. 2016, 172, 112-126. [CrossRef] [PubMed]
Pereira, M.G.; Aranha, J.; Amraoui, M. Land cover fire proneness in Europe. For. Syst. 2014, 23, 598-610.
[CrossRef]

Neumann, K.; Herold, M.; Hartley, A.; Schmullius, C. Comparative assessment of CORINE2000 and GLC2000:
Spatial analysis of land cover data for Europe. Int. J. Appl. Earth Observ. Geoinf. 2007, 9, 425-437. [CrossRef]
Bishr, Y. Overcoming the semantic and other barriers to GIS interoperability. Int. ]. Geogr. Inf. Sci.
1998, 12, 299-314. [CrossRef]

Pinto-Correia, T.; Kristensen, L. Linking research to practice: The landscape as the basis for integrating social
and ecological perspectives of the rural. Landsc. Urban Plan. 2013, 120, 248-256. [CrossRef]

Hennig, E.I; Schwick, C.; Soukup, T.; Orlitova, E.; Kienast, E.; Jaeger, ].A. Multi-scale analysis of urban
sprawl in Europe: Towards a European de-sprawling strategy. Land Use Policy 2015, 49, 483-498. [CrossRef]
Salvati, L.; Zambon, I; Chelli, EM.; Serra, P. Do spatial patterns of urbanization and land consumption reflect
different socioeconomic contexts in Europe? Sci. Total Environ. 2018, 625, 722-730. [CrossRef] [PubMed]
Wright, J. Ground and Air Survey for Field Scientists. Monographs on Soil and Resources Survey; Claredon Press:
Gloucestershire, UK, 1982.

Grochowski, M. Samorzadnoé¢ lokalna a terytorialny wymiar rozwoju. Zarzadzanie obszarami
funkcjonalnymi. MAZOWSZE Stud. Reg. 2014, 15, 119-136.

European Environment Agency. Administrative Land Accounting Units. Available online: https://www.
eea.europa.eu/data-and-maps/data/administrative-land-accounting-units (accessed on 4 November 2018).
Uskova, T.V. Socio-economic development of territories: Problems of efficiency of regional policy. Probl. Dev.
Territ. 2016, 2, 7-18.

Loorbach, D. Transition management for sustainable development: A prescriptive, complexity-based
governance framework. Governance 2010, 23, 161-183. [CrossRef]

Cash, D.W.,; Clark, W.C.; Alcock, E,; Dickson, N.M.; Eckley, N.; Guston, D.H.; Mitchell, R.B. Knowledge
systems for sustainable development. Proc. Natl. Acad. Sci. USA 2003, 100, 8086-8091. [CrossRef] [PubMed]


http://dx.doi.org/10.1080/01431160412331291297
http://dx.doi.org/10.1016/j.jag.2017.07.001
http://dx.doi.org/10.1016/j.apgeog.2009.07.003
http://dx.doi.org/10.1016/j.jairtraman.2013.07.004
http://dx.doi.org/10.1080/13658816.2013.799283
http://dx.doi.org/10.1016/j.landurbplan.2014.09.001
http://dx.doi.org/10.1007/s10113-015-0907-x
http://dx.doi.org/10.1016/j.jenvman.2016.02.013
http://www.ncbi.nlm.nih.gov/pubmed/26922502
http://dx.doi.org/10.5424/fs/2014233-06115
http://dx.doi.org/10.1016/j.jag.2007.02.004
http://dx.doi.org/10.1080/136588198241806
http://dx.doi.org/10.1016/j.landurbplan.2013.07.005
http://dx.doi.org/10.1016/j.landusepol.2015.08.001
http://dx.doi.org/10.1016/j.scitotenv.2017.12.341
http://www.ncbi.nlm.nih.gov/pubmed/29306160
https://www.eea.europa.eu/data-and-maps/data/administrative-land-accounting-units
https://www.eea.europa.eu/data-and-maps/data/administrative-land-accounting-units
http://dx.doi.org/10.1111/j.1468-0491.2009.01471.x
http://dx.doi.org/10.1073/pnas.1231332100
http://www.ncbi.nlm.nih.gov/pubmed/12777623

Sustainability 2019, 11, 1354 19 of 19

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rocha, M.; Searcy, C.; Karapetrovic, S. Integrating sustainable development into existing management
systems. Total Qual. Manag. Bus. Excell. 2007, 18, 83-92. [CrossRef]

Huisman, J.; van der Wende, M. On Cooperation and Competition; Lemmens: Bonn, Germany, 2004; Volume 1.
Visser, ].A. Understanding local government cooperation in urban regions: Toward a cultural model of
interlocal relations. Am. Rev. Public Adm. 2002, 32, 40-65. [CrossRef]

Gibas, P. Analiza Zmian i Prognoza Przyrostu Zabudowy Mieszkaniowej na Obszarze Polski do 2020 Roku; Bogucki
Wydawnictwo Naukowe: Poznan, Poland, 2017; pp. 41-72.

Castanho, R.A.; Cabezas, ].; Loures, L.; Fernandez-Pozo, L. Evolution of Urban Planning Process in the
Iberian Peninsula and his Footprints in Cityscape. New Challenges. Monfragiie Resil.—Sci. | 2017, 8, 1-40.
Weber, J.-L. Implementation of land and ecosystem accounts at the European Environment Agency. Ecol.
Econ. 2007, 61, 695-707. [CrossRef]

Raport o Ekonomicznych Stratach i Spotecznych Kosztach Niekontrolowanej Urbanizacji w Polsce; Samorzad
Terytorialny: Krakow, Poland, 2014.

Koncepcja Przestrzennego Zagospodarowania Kraju 2030, uchwata nr 239 Rady Ministréw z dnia 13.12.2011
r. Available online: www.sejm.gov.pl (accessed on 20 November 2018).

Bishr, Y. Semantic Aspects of GIS; ITC Publication: Enschede, The Netherlands, 1997.

Castanho, R.A.; Vulevic, A; Loures, L.; Cabezas, J.; Naranjo Gooémez, J. Redeveloping Derelict Landscapes on
Transboundary Areas—Fostering Cross-Border Cooperation as a Possible Solution, 24th APDR CONGRESS. UBI,
Covilha-Portugal. July 6-7. Proceedings Book. ISBN 978-989-8780-05-8.

Stuczynski, T.; Siebielec, G.; Korzeniowska-Puculek, R.; Koza, P.; Pudelko, R.; Lopatka, A.; Kowalik, M.
Geographical location and key sensitivity issues of post-industrial regions in Europe. Environ. Monit. Assess.
2009, 151, 77-91. [CrossRef] [PubMed]

Ustaoglu, E.; Williams, B. Determinants of urban expansion and agricultural land conversion in 25 EU
countries. Environ. Manag. 2017, 60, 717-746. [CrossRef] [PubMed]

Castanho, R.A.; Lousada, S.; Naranjo Gomez, ].M.; Escércio, P.; Cabezas, J.; Fernandez-Pozo, L.; Loures, L.
Dynamics of the Land Use Changes and the Associated Barriers and Opportunities for Sustainable
Development on Peripheral and Insular Territories: The Madeira Island (Portugal) [Working Title]. Available
online: https:/ /www.intechopen.com/online-first/dynamics-of-the-land-use-changes-and-the-associated-
barriers-and-opportunities-for-sustainable-devel (accessed on 4 January 2019).

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/14783360601051594
http://dx.doi.org/10.1177/0275074002032001003
http://dx.doi.org/10.1016/j.ecolecon.2006.05.023
www.sejm.gov.pl
http://dx.doi.org/10.1007/s10661-008-0251-4
http://www.ncbi.nlm.nih.gov/pubmed/18437515
http://dx.doi.org/10.1007/s00267-017-0908-2
http://www.ncbi.nlm.nih.gov/pubmed/28685244
https://www.intechopen.com/online-first/dynamics-of-the-land-use-changes-and-the-associated-barriers-and-opportunities-for-sustainable-devel
https://www.intechopen.com/online-first/dynamics-of-the-land-use-changes-and-the-associated-barriers-and-opportunities-for-sustainable-devel
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Results 
	Discussion 
	Conclusions 
	References

