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Abstract: Detecting land cover changes requires timely and accurate information, which can be
assured by using remotely sensed data and Geographic Information System(GIS). This paper
examines spatiotemporal trends in land cover changes in the Polish Baltic coastal zone, especially the
urbanisation, loss of agricultural land, afforestation, and deforestation. The dynamics of land cover
change and its impact were discussed as the major findings. The analysis revealed that land cover
changes on the Polish Baltic coast have been consistent throughout the 1990–2018 period, and in the
consecutive inventories of land cover, they have changed faster. As shown in the research, the area
of agricultural land was subject to significant change, i.e., about 40% of the initial 8% of the land
area in heterogeneous agriculture was either developed or abandoned at about equal rates. Next,
the steady growth of the forest and semi-natural area also changed the land cover. The enlargement
of the artificial surface was the third observed trend of land cover changes. However, the pace of
land cover changes on the Baltic coast is slightly slower than in the rest of Poland and the European
average. The region is very diverse both in terms of land cover, types of land transformation,
and the pace of change. Hence, the Polish national authorities classified the Baltic coast as an area
of strategic intervention requiring additional action to achieve territorial cohesion and the goals of
sustainable development.
Keywords: Baltic coast; Poland; CORINE Land Cover; land cover flow; urbanisation; afforestation;
deforestation; spatial analysis; SDGs

1. Introduction
Land cover (LC) and its changes in space and time play a key role in recognising and understanding
many physical and socioeconomic phenomena at any level. Therefore, concerns about land cover
changes, in particular their quantitative and qualitative assessment, as well as the processes that affect
them, have been reported in literature since the 1960s. It was noted that the change in land cover
modifies albedo and heat fluxes [1], the exchange of energy in the surface–atmosphere interaction [2],
carbon sequestration [3], and evapotranspiration [1], which finally affect the climate. Later, a much
broader scope of the impact of land cover changes on ecosystem goods and services was identified,
e.g., the vulnerability of places and people to climatic, economic, or sociopolitical perturbations,
the ability of biological systems to support human needs [4], biotic diversity worldwide [5], and soil
degradation [6]. Many of these changes remain a serious challenge today. As stated by Lambin et al. [7],
many thought land changes mainly consisted in the conversion of arable land and forest to urban
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and industrial areas (urban sprawl), the transformation of forests to agricultural uses (deforestation),
as well as the devastation of natural vegetation by overgrazing, which leads to desert conditions
(desertification). These conversions were assumed to be irreversible and spatially homogeneous and to
progress linearly [7]. However, as noticed by [7,8], not all impacts of LC changes are negative, as some
are associated with growths in food and fiber production, in the efficiency of resource use, wealth,
and well-being.
The coastal zone has been the main goal of the development of human society for centuries,
which resulted in a land cover transformation. Urbanisation and industrialisation, tourism, fishing
and other agricultural activities very often lead to environmental degradation, loss of biodiversity,
and simplification of the landscape [9]. Halting the loss of biodiversity is an issue of both local and
global concern, and it is one of the main strategic goals of the environmental policy of the European
Union [10] as well as the United Nations Sustainable Development Goals (SDGs) defined in the “2030
Agenda” [11]. The most important of them are those explicitly related to coastal regions, i.e., Sustainable
Cities and Communities—Goal 11, Climate Action—Goal 13, and Life below Water—Goal 14, as well as
Goal 15—Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss [12,13].
Satellite-derived information on land cover (use), as well as geographical distribution of population
at the fine scale, provide an essential contribution to establishing measures to achieve the above
objectives [14].
The European Union (EU) coastal regions are densely populated, being home to more than 41% of
the total European population. However, population density varies depending on the geographical
characteristic of the region, e.g., in Cyprus and Denmark 100% of people live in coastal regions, while in
Romania only 5% live in coastal regions, and in Poland, only 12% do [15].
The coastal landscapes of the Baltic Sea are varied and show considerable regional differences.
Based on a profound analysis of meteorological parameters of the Baltic Sea coastal region, e.g., air
temperature (including the heat and cold waves), precipitation (rainfall), changes of the sea level
(including storm surges and erosion of the coast), and sea monitoring data (e.g., salinity, acidity),
the Institute of Meteorology and Water Management [16], identified warming of the troposphere and
hydrosphere and change in rainfall intensity. The direct consequences of climate change comprise
an increase of air temperature in all seasons of the year and changes of precipitation. Besides,
such extreme phenomena as heat waves and longer dry and wet periods are also expected to occur
more frequently. Climate change affects both ecosystems and the economy, but the effects vary
depending on the geographical location and development. However, in the Baltic Sea region, despite
climate change, transformation processes in the economy and agriculture that have been going on
since the 1990s still have substantial and multiple impacts on ecosystems and human beings [17,18].
Land cover in the Polish Baltic coastal region is considered to be highly sensitive to observed
climate change, since it is directly linked to weather and the environmental conditions [16,19].
However, the changes in land cover have not yet been assessed. Our study attempts to fill this gap
by providing the first comprehensive quantitative and qualitative analysis of land cover changes
and their nature in the Polish Baltic coastal zone in the last three decades, namely 1990–2018,
the dates of the first and fifth CORINE Land Cover (CLC) data releases. Particularly, the trajectory
of land cover changes in 1990–2018 was analysed with certain emphasis on urbanisation, agriculture
intensification, and extensification, as well as afforestation and deforestation. Moreover, the study
derives environmentally related indicators that could help monitor coastal management plans,
and Spatial Development Goals 2030, especially goals 11 and 15. The study contributes to both research
and policy fields. The introduction of CLC-based indicators makes it possible to determine the size
and direction of land cover changes, and thus assess whether their impact on sustainable development
is positive or negative. Considering the comprehensive analysis of land cover flows in the last three
decades derives an effective footprint for establishing further sustainable development rules in the
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Polish Baltic Coast Region. Moreover, the research helps raise awareness to follow the spatial planning
policy, particularly during rapid economic growth and spatial development.
The remainder of this paper is structured as follows: Section 2 describes the study area, data,
and methods; Section 3 describes the results; Section 4 discusses the obtained results along with other
achievements; finally, Section 5 concludes the research.
2. Materials and Methods
Remote Sens. 2020, 12, 2088
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2.1. Area Description

2.1. Area Description
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Figure 1. The Polish Baltic coastal zone.
Figure 1. The Polish Baltic coastal zone.
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Coastal Region
Number
ofregions:
Population
Population

Area
(NUTS3) Names
Counties 1 21,2
Total 1
Density 1
[km2]1
1
Coastal Region (NUTS3) Names
Number of Counties
Population Total
Population Density
Area [km2 ]
Elblaski
7(1)
526,321
72
7323.46
Elblaski
7(1)
526,321
72
7323.46
Gdanski
5(0)
590,198
137
4299.30
Gdanski
5(0)
590,198
137
4299.30
748,986
1,805
TrojmiejskiTrojmiejski
3(3)3(3)
748,986
1805 415.05
415.05
335,402
64
Slupski Slupski
4(1)4(1)
335,402
64 5240.16
5240.16
KoszalinskiKoszalinski
5(1)5(1)
357,478
82 4363.27
4363.27
357,478
82
Starogardzki
5(0)
432,488
106
4095.79
Starogardzki
5(0)
432,488
106
4095.79
Szczecinski
7(1)
513,412
69
7444.81
Szczecinski
513,412
69
City of Szczecin
1(1)7(1)
402,465
1339 7444.81
300.50
1(1)
402,465
1,339
300.50
TotalCity of Szczecin
37(8)
3,906,750
33,482.34
Total
37(8)2 The number
3,906,750
33,482.34
1 Based on statistical data
from the year 2018 [21].
of city counties (cities with poviat
rights) is shown
in brackets.

1

Based on statistical data from the year 2018 [21]. 2 The number of city counties
(cities with poviat rights) is shown in brackets.

The Polish Baltic coast is 468 km long, without internal lagoonal coasts, including 428 km from
Russia to the German border and 72 km of both sides of the Hel peninsula [22]. Dunes and sandy
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The Polish Baltic coast is 468 km long, without internal lagoonal coasts, including 428 km from
Russia to the German border and 72 km of both sides of the Hel peninsula [22]. Dunes and sandy
beaches dominate most of the Polish open coast (358 km), while cliffs are approximately 100 km
long [22,23]. Two major gulfs: Pomerania Gulf in the west, and the Gulf of Gdansk in the east, as well as
two large lagoons, the Szczecin Lagoon and the Vistula Lagoon, limit the Polish Baltic coast. About 26%
of the coast is protected by groynes (98 km) and light and heavy revetments (41 km), which mostly
protect the environment and densely populated areas [23].
2.2. Data Used
2.2.1. CORINE Land Cover
CORINE Land Cover (CLC) is the European land cover database containing information on the
physical and biological cover of the Earth’s surface including artificial surfaces, agricultural areas,
forests, (semi-)natural areas, wetlands, and water bodies [24]. The information capture is generally
based on computer-assisted photo-interpretation of satellite images (see Table 2), according to agreed,
standardised, and hierarchical nomenclature. The temporal span for satellite acquisition data, as well as
the sensor used for capturing the images, are the primary sources of uncertainty, significantly affecting
the interpretation of land cover [25]. The first (highest) level comprises five land cover types, namely
(1) artificial surfaces, (2) agricultural areas, (3) forest and semi-natural areas, (4) wetland and (5) water
bodies, which are further divided into 15 land cover classes (level 2), and 44 classes at level 3. Until now,
five CLC inventories are available for the reference years: 1990, 2000, 2006, 2012, 2018, as well as four
LC changes for the periods 1990–2000; 2000–2006; 2006–2012; and 2012–2018 (see Figure A1). In Poland,
the datasets are derived free of charge from the Chief Inspectorate of Environmental Protection [26].
Table 2. Overview of satellite data used for land cover interpretation in Poland.
Reference Year

Satellite

Temporal Extend (Poland) 1

1990
2000
2006
2012
2018

Landsat 4/5 TM
Landsat 7 ETM+
SPOT 4/5, IRS-P6
RapidEye, IRS-P6
Sentinel 2, Landsat-8

1986–1995
1990–2001
2005–2006
2011–2012
2017

1

Based on National Reports on CORINE Land Cover inventories (available at Chieef Environmental InspectorateGlowny Inspektroat Ochrony Srodowiska (GIOS) web site http://clc.gios.gov.pl/).

Our study considers the second level of CLC nomenclature, and only those classes that are mapped
in Poland, as presented in Table 3.
Table 3. CORINE Land Cover nomenclature (level 1 and level 2).
Code

CLC Level 1
Name

1.

Artificial surfaces

2.

Agricultural areas

3.

Forests and semi-natural areas

4.

Wetlands
Water bodies
1

Code
1.1
1.2
1.3
1.4
2.1
2.2
2.3
2.4
3.1
3.2
3.3
4.1
4.2
5.1
5.2

CLC Level 2
Name
Urban fabric
Industrial, commercial and transport units
Mine, dump and construction sites
Artificial, non-agricultural vegetated areas
Arable land
Permanent crops
Pastures
Heterogeneous agricultural areas
Forest
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation
Inland wetlands
Coastal wetlands 1
Continental waters
Marine waters

Italics show the land cover class that does not occur in Poland.
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2.2.2. Satellite and Aerial Data
Prior to the analysis of changes in land cover and land flow, CLC change data were checked
based on aerial orthophotomaps, high and very high-resolution mosaics elaborated within the frame
of Copernicus land monitoring services as well as optical satellites (medium and high resolutions)
available from open map services, as specified in Table 4 and shown in Figure A2.
Table 4. Satellite and aerial imageries used for CLC change verification.
Products

Time Horizon

Repository

Comments

Aerial orthophotomapas

1990s, since 2000 every 2 years

Geoportal maintained by the Head Office
of Geodesy and Cartography [27]

Very High-Resolution Image
Mosaic 2012

2012

Copernicus land monitoring services [28]

The HR Mosaic for 2018

2018

Copernicus land monitoring services [28]

Sentinel-2

2018

European Space Agency (ESA) [29]

IKONOS, QuickBird, GeoEye,
WorldView, SPOT, Pleiades

Since 2000 1

Google Earth

Landsat

1990 1 , 2000, 2006, 2012, 2018

USGS Earth Explorer [30]

For the 1990s. data available only for
Gdansk, Sopot, Szczecin; 0.25 resolution
True Colour (2.5m) of pan-sharpened:
SPOT-5, 6 and FORMOSAT-2
Sentinel-2 (10 m) true and false
colour compositions
Sentinel-2 (10 m, 20 m, 60 m);
false colour compositions
True-colour compositions;
Very High-resolution images
2.5–5 m resolution
For 1990 partial coverage;
Pansharpened images (15 m); True and
false colour compositions

1

Depending on the period and place being analysed, different Very High Resolution (VHR) satellite images
are available.

2.2.3. Administrative Boundaries
The boundaries of NUTS3, small regions for specific diagnoses, were obtained from the Eurostat
GISCO (Geographical Information and maps) [31,32]. Each NUTS unit is attributed a NUTS_CODE
(unique code of the NUTS region as defined and published by Eurostat; NUTS_LABEL (name of the
NUTS region as defined and published by Eurostat), and TAA (the type of the administrative area, i.e.,
land area or inland water). Further statistical and administrative division of Poland (counties) of the
year 2018 was derived from the National Register of Boundaries (PRG) maintained by the Head Office
of Geodesy and Cartography.
2.3. Methods Applied
2.3.1. Verification of Land Cover Changes
Data checking mainly involved verification of the CLC change code correctness. For the analyses,
the correctness of the results of automatic change detection between classes resulting from the
comparison of CLC databases from two relevant periods (e.g., 2000 and 2006). The analysis consisted
mainly of visual analysis of remote sensing satellite imagery and verification, whether the change in
the CLC database corresponds to the situation from multispectral satellite images. The analyses used
data from open-source imagery data, i.e., GoogleEarth, USGS, and ESA Copernicus, that were not used
when creating the Corine Land Cover databases. About 9% of land cover change polygons, randomly
distributed in the Polish Baltic coastal zone for each time horizon and type of changes (see Figure A3),
have been visually analysed. The smallest analysed polygon occupied 5 ha, and the largest occupied
about 400 ha. The visual interpretation has been supported by the different colour composition of
imagery data (Table 4). Prior to visual analysis, pan-sharpening of Landsat7 and Landsat 8 images
was conducted. The nearest-neighbour diffusion-based pan-sharpening algorithm [33] was used to
enhance the visual quality and improve the spatial resolution (to 15 m) of medium- resolution data.
Moreover, almost all CLC changes that may lead to deforestation have been thoroughly investigated to
look for forest management practices, in particular, sanitary clear-cuttings and planned logging that
could lead to temporal deforestation.
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2.3.2. Land Cover Changes Quantification
Land cover changes, defined as the transformation from one land cover class to another in two
consecutive moments in time, were firstly categorised as land conversion or land modification following
the definitions given by Lambin et al. [7,34]. Hence, land cover conversion means “the complete
replacement of one cover type by another” and is measured by the shift from one CLC level 1 class
to another (e.g., class 2—agricultural area to class 3—forests). These land cover changes result from
such processes as urbanisation, deforestation (or afforestation), and agricultural expansion. On the
other hand, land cover modification comprises all changes that “affect the character of the land cover
without changing its overall classification” [7], e.g., extensification of agriculture, which is perceived as
more beneficial to the environment.
This study aims to answer the following research questions:
1.
2.
3.
4.

What were the main land cover changes and land cover flows in the Polish Baltic coastal zone
during the last three decades? Were they in line with the country average?
How did the changes in land cover affect the landscape in legally protected areas?
Is the spatial pattern of land cover changes clustered, dispersed, or random? Which regions are
most affected by land cover changes?
How, positively or negatively, do changes in land cover affect the progress towards SDG?

The main trajectories of land cover changes were distinguished based on a slightly modified
methodology introduced by Feranec et al. [35] that relies on an analysis of land cover transformation
matrix during the analysed time period. Finally, the following land cover flows were identified to
answer the above research questions:
LCF1—Urbanisation—refers to the conversion of agricultural land and forests into artificial
surfaces (CLC classes 2.1, 2.2, 2.3, 3x, 4x to 1x).
LCF2—Expansion and intensification of agriculture—denotes conversion from natural and
semi-natural areas (3.2, 3.3, 4.1, 4.2) into high-intensity agriculture (2.1; 2.2).
LCF3—Extensification of agriculture—states the modification from high to low-intensity forms
of agriculture, namely from arable lands (2.1) and permanent crops (2.2) into pastures (2.3) or
heterogeneous agricultural areas (2.4.).
LCF4—Afforestation—the re-creation of forest land, it generally comprises transformation from
agriculture to forests.
LCF5—Deforestation—understood as the transition of forest land into non-forest land.
Deforestation is predominantly associated with urbanisation (LCF1), i.e., transformation from forest to
artificial surfaces, mainly 1.2, 1.3, and agricultural expansion, i.e., transformation of the forest into
an agricultural area.
As the research focussed not only on land cover changes but also on their impact on achieving
SDGs 2030, the following indices were calculated: land consumption rate (LConR), urban green
space ratio (UGrR), forest cover ratio (FR), and the proportion of forest areas located within legally
protected areas (FLPA P). They were the basis for calculating SDGs’ relevant indicators and contributed to
monitoring progress goals 11 and 15. Primarily, these included target 11.3—towards the enhancement
of inclusive and sustainable urbanisation, target 11.7—provide universal access to safe, inclusive,
and accessible green and public spaces, as well as target 15.1—sustainable use of terrestrial ecosystems,
in particular forests, and target 15.2—sustainable management of all types of forests, halt deforestation,
restore degraded forests and substantially increase afforestation and reforestation globally.
Land consumption rate LConR, expressed in hectares per year, is defined as the ratio of the
difference between the area occupied by artificial surfaces (ArtSf+1 ) at the final year (t + n) and the
initial year (t) to the number of years (n) between land cover inventories (Equation (1)):

LConR =

 
ASt+n − ASt 1
100%.
ASt
n

(1)
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The LConR relates directly to Goal 11 and allows us to calculate a measure of land use efficiency, which is
defined as a ratio of land consumption rate to the population growth rate (11.3.1). The LConR index was
computed for the Baltic Coastal zone in Poland, the Baltic coast regions (NUTS3), and protected areas.
The urban green space ratio in the year (UGrRt ) denotes the percentage share of an urban green
area (CLC class 1.4) in total city acreage (Equation (2)):
UGrRt = (UGt /Uarea(t) ) × 100%

(2)

where UGt —urban green area (i.e., CLC 1.4, and 3.x classes) at the year t; Uarea(t) —urban area at the
year t. With the CORINE Land Cover inventory, it allows comparing progress across cities towards the
achievement of an optimal quantity of land allocated to public space (Goal 11, target 11.7 and indicator
11.7.1). The indicator was computed only for eight city counties, namely: Szczecin, Swinoujscie,
Koszalin, Slupsk, Elblag, Gdansk, Gdynia, and Sopot, where the last three cities form the Trojmiejski
(Tri-City) region.
The forest cover ratio (FR) is defined as the percentage of total forests and semi-natural areas
(CLC level 2 cases 3.1 and 3.2) in the total land area at the time t. The measure predominantly applies
to indicator 15.1.1., namely forest area (Farea(t) ) as a proportion of total land area (Tarea(t) ), Equation (3):
FR = (Farea(t) /Tarea(t) ) × 100%.

(3)

The proportion of forest area located within legally protected areas (FLPA P(t) ) at the analysed period t
applies to 15.2.1 indicator—progress towards sustainable forest management (Equation (4)):
FLPA P(t) = (Farea(t) /LParea(t) ) × 100%

(4)

where Farea(t) —forest area at the time t; LParea(t) —acreage of the legally protected area.
The spatial pattern of land cover changes was analysed by inferential statistics, namely Average
Nearest Neighbour (ANN) and Ripley’s K function, assuming that complete spatial randomness is
a realisation of a Poisson point process (the null hypothesis). ANN measures the average distance
from each point to its nearest point, which is compared to the distances between the nearest points and
distances that would be expected based on chance. The average distance less than the average for
a hypothetical random distribution indicates clustering, while greater distance indicates the dispersion
of analysed features [36]. Contrary to ANN, the Ripley’s K-function examines, instead of computing
separating nearest neighbours, all inter-point distances. The function shows how to point pattern
changes when the neighbourhood size increases or decreases. The variance stabilised Ripley K-function
called the L function is generally used for data analysis (Equation (5)):
v
t
L(d) =

A

PN PN
i=1

i=1, j,1 ki,j

πN (N − 1)

(5)

where d—the distance, N—total number of points (features), A—the total area, and ki,j —a weight
connected with edge correction function.
In this study, Ripley’s K function counts the number of neighbouring centroids of land cover
change polygons found within a given distance of each central point of an individual land cover
change patch. Then, the number of observed neighbouring centroids is compared to the number of
central points that are expected based on an entirely spatially randomness. The advantage of Ripley’s
K function is the ability to analyse the pattern in the scale function. However, it should be remembered
that due to edge effects, patterns are questionable at greater distances [37].
The density of land cover changes was portrayed by kernel density, choropleth, and graduated
symbol maps. Kernel density calculates a magnitude-per-unit area from the centroid of land cover
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Figure 2. Short and long-term analysis of land cover changes; simplified diagram.
Figure 2. Short and long-term analysis of land cover changes; simplified diagram.

The final stage visualised the results using a set of thematic maps, mainly choropleth, charts,
and tables as well as described and summarised the land cover changes across the Polish Baltic
coastal zone.
3. Results
3.1. CLC Change Data Veryfication
CORINE Land Cover data were profoundly verified before making them publicly available.
The verification that has been done both at the country level by national verification teams and at the
European level by the European Environment Agency (EEA) technical team achieved at least 85%
of thematic accuracy [24]. Moreover, the independent validation based on the LUCAS (The Land
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Use/Cover Area frame Survey) Europe-wide data that had not been used as source data for CLC
shows the total reliability of CLC2000 at level 87.0 ± 0.8% [26,40]. Moreover, as estimated by EEA [40],
the highest class-level trustworthiness, above 95%, was obtained for water bodies and urban areas.
Both arable land (2.1) and coniferous forest (3.1.1), the two largest CLC land cover classes, were assessed
to have a high level of reliability, i.e., 90%, and 95%, respectively. However, validation was executed
for CORINE land cover polygons, not the change polygons. So, there is no independent CLC change
data assessment. Nevertheless, if the land cover classes were derived truthfully, we should not expect
significant errors in the change database.
The verification of CLC change codes for the Baltic coastal zone confirms the high thematic
accuracy of CORINE land cover change data for each analysed period, reaching a value of 95%.
In particular, just a few errors were observed in land cover conversion, i.e., urbanisation, intensification
of agriculture, afforestation, and deforestation. Predominantly, doubts in the attribution of the CLC
change code were found where high-intensity agriculture (i.e., 2.1 and 2.2) was transformed into
low-intensity forms, such as pastures (2.3) and mixed agricultural areas (2.4). They were detected
on 11 polygons with a total area of 91 ha, which, given the total area of changes (1106.2 km2 ), can be
considered insignificant and not burdening the results of further analysis.
3.2. Overview of Land Cover and Land Cover Net Changes
Agricultural land accounts for the most significant share of the Polish Baltic coastal zone with
56.28%. It is followed by forests that occupy 35.39%. Artificial surfaces cover just 5.1%, while water
bodies cover 2.59%, and wetlands cover merely 0.54% (see Table 5).
Table 5. The area in percent occupied according to the CORINE Land Cover (CLC) inventories.
CLC Code

CLC Nomenclature

1990

2000

2006

2012

2018

Net Changes in 1990–2018 1

1.1
1.2
1.3
1.4
2.1
2.2
2.3
2.4
3.1
3.2
3.3
4.1
4.2
5.1
5.2

Urban fabric
Industrial, commercial and transport units
Mine, dump and construction sites
Artificial, non-agricultural vegetated areas
Arable land
Permanent crops
Pastures
Heterogeneous agricultural areas
Forest
Scrub and/or herbaceous vegetation associations
Open spaces with little or no vegetation
Inland wetlands
Coastal wetlands 2
Continental waters
Marine waters
Total

1.793
0.466
0.057
0.231
44.741
0.089
8.875
8.105
32.146
0.288
0.136
0.521
0.000
2.474
0.080
100

2.138
0.470
0.071
0.245
44.664
0.070
8.416
7.494
32.856
0.377
0.114
0.523
0.000
2.482
0.079
100

3.375
0.515
0.132
0.297
43.606
0.071
8.948
5.369
33.153
1.333
0.106
0.509
0.000
2.501
0.086
100

3.899
0.614
0.167
0.344
42.680
0.082
8.774
4.999
33.709
1.506
0.098
0.539
0.000
2.506
0.085
100

3.948
0.656
0.243
0.346
42.519
0.078
8.717
4.975
33.573
1.714
0.098
0.540
0.000
2.509
0.084
100

2.155
0.190
0.186
0.114
–2.222
–0.010
–0.157
–3.130
1.427
1.426
–0.038
0.019
0.000
0.034
0.005

1

+ increase; − decrease. 0—unchanged; 2 land cover class that does not occur in Poland.

The structure of agricultural land use on the Baltic coast exhibits considerable differences from
region to region (Figure 3a), with an average share of 47.4%. The easternmost regions, Starogardzki
and Elblaski, are mainly agricultural, with an agricultural land share of 67.3% and 62.3% respectively,
of which 55.1% and 51.8% are arable lands, pastures occupy 5%, while heterogeneous agricultural
areas occupy from 6.9% to 4.7%.
It is worth noting that respectively, 16% and 20% of the areas of the only two urban
agglomerations, Szczecin and Tri-City (Gdansk, Gdynia and Sopot), are occupied by agriculture.
One of the characteristics of the Polish Baltic zone landscape is the high percentage of forests, scrubs,
and herbaceous vegetation (Figure 3b). The average forest cover in the Baltic region amounts to 33.8%
(11,852.75 km2 ) and is higher than the national average equals of 29.5%. On average, there is 0.3 ha
of forests per capita, which is 0.06 ha more than the national average, but still two times lower than
the world average: 0.62 ha [41]. Forests occupy nearly half of the Slupsk region area, 48.1%, while in
Koszalinski they occupy as much as 39.6%. A relatively small area, but still slightly more than 25%,
of forested land exists in the Starogardzki region and Szczecin city, 26.2% and 25.1%, respectively.
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Marine waters
Total

0.080
100

0.079
100

0.086
100

0.085
100

0.084
100

0.005

Moreover, forests cover a relatively large part of the Trojmiejski region, 31.8%. This is about 2.5%
1 + increase; − decrease. 0 – unchanged; 2 land cover class that does not occur in Poland.
more than the national average, which makes this agglomeration one of the greenest ones in Poland.
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The net changes in the Baltic coastal regions also differ substantially (see Figure 4c). The Trojmiasto
(Tri-city) agglomeration faced the highest loss of agriculture and at the same time the highest growth of
urbanised lands. On the contrary, Szczecin, the second-largest city in the Polish Baltic region, has been
afforested and developed at the expense of agricultural land. A relatively large number of agricultural
areas have fallen in the Elblaski region. They have been afforested and taken over for transportation

areas, particularly transportation networks, commercial, industrial, and housing areas; (2) high
(5.52%) loss of agricultural land, particularly arable land and pastures; and (3) a successive increase
in forest cover associated with the agro-forestry programs implemented in Poland, and changes
within the forest areas related to timber operations and forest renovation. A significant decrease in
agricultural areas compensates for the overall increase in artificial surfaces and forests together with
lands (see Figure 4a). The growth of forests, shrubs, and semi-natural areas is slow and
Remote semi-natural
Sens. 2020, 12, 2088
11 of 26
amounts to 0.1% per year, which after 28 years gives a 2.81% growth. The total increase in artificial
surfaces was 2.65%, although the most significant growth occurred in 2000-2006 (1.4%), whereas in
facilities
and highways.
totalinventories,
land cover
in theremained
Polish Baltic
coastalbelow
zone1%
in (Figure
1990–2018
the remaining
periodsThe
of CLC
thechanges
gain in value
significantly
equal 4b).
3.22%
km2of
), various
whereasland
thecover
annual
land cover
takes
the value of 0.12%
(40.18
The(1078.14
percentages
categories
in thechange
increases
of anthropogenic
surfaces
differkm2 ).
slightly with
the highest
proportion
of land
associated
with roads
relatedofinfrastructure
as well
The amounts
of total
land cover
changes,
both
in the acreage
andand
number
patches, differ
slightly
2 = 0.94) with an
as
construction
sites
(see
Table
5).
The
loss
of
arable
land
follows
a
linear
trend
(R
between consecutive periods, being the highest in the last six-year period (Figure 4d).
annual decrease of 0.16%. The total loss of arable land in 1990-2018 equals 5.52%.

(a)

(b)

(c)

(d)

4. Land
cover
changes
in the
PolishBaltic
Balticcoastal
coastal region:
region: (a)
in in
percent
1990-2018;
FigureFigure
4. Land
cover
changes
in the
Polish
(a)net
netchanges
changes
percent
1990–2018;
(b)
percent
of
main
CLC
land
cover
types;
(c)
net
changes
in
percent
1990-2018
by
regions;
(d) total
(b) percent of main CLC land cover types; (c) net changes in percent 1990–2018 by regions;
(d) total
area and number of patches.
area and
number of patches.

The net changes in the Baltic coastal regions also differ substantially (see Fig 4c). The Trojmiasto (TriThe
intensity of the long-term changes (from 1990 to 2018) varies considerably across the analysed
city) agglomeration faced the highest loss of agriculture and at the same time the highest growth of
area (Figure 5). Gdansk, the largest city on the Polish Baltic coast, has witnessed as much as 8.5%
urbanised lands. On the contrary, Szczecin, the second-largest city in the Polish Baltic region, has
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Land cover changes have also affected legally protected areas. From 1990 to 2018, there was
an increase in artificial areas by 1.4%, a decrease in agricultural land by 4.5%, and an increase in
forests and scrub by 2.9%. In 1990, urban fabric areas covered 0.68% of protected areas, while in 2018,
they covered as much as 1.98% with the highest increase observed in 2000–2006 (0.82%). The most
considerable land cover changes affected agricultural land, as they covered a decline of 4.50% compared
to 1990. The loss concerned all four agricultural classes of level 2 CLC with the highest decline of
heterogeneous agriculture areas (2.38%) and arable land (1.79%). Pasture loss was 0.33% and permanent
crops loss was merely 0.02%. Arable land was generally transformed into more extensive use, such
as heterogeneous agriculture (CLC 2.4. class) or pasture (2.3 class), while 2.4 lands have very often
been afforested. Forests in legally protected areas gradually increased their area by 1.53% compared

(Figure 4d).
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3.3. Spatial Pattern and Density of Land Cover Changes
Land cover changes have also affected legally protected areas. From 1990 to 2018, there was an
The spatial pattern of land cover changes over the Polish Baltic coastal zone in 1990–2018 was
increase in artificial areas by 1.4%, a decrease in agricultural land by 4.5%, and an increase in forests
clustered, which is documented by the ANN statistics, particularly the NN ratio of 0.42 and the z-score
and scrub by 2.9%. In 1990, urban fabric areas covered 0.68% of protected areas, while in 2018, they
of −95.18, indicating that there is a less than 1% likelihood that the clustered pattern is the result of
covered as much as 1.98% with the highest increase observed in 2000-2006 (0.82%). The most
random chance. Changes in land cover are also clustered in all analysed periods. The NN ratio did not
considerable land cover changes affected agricultural land, as they covered a decline of 4.50%
differ much in subsequent analysed periods, assuming values less than 1, i.e., denoting a clustered
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study area.
which
was the result of the abandonment of agricultural land and reclamation of military areas that
are assigned to the CLC class 3.2 (open spaces with little or no vegetation). However, a slight forest
decrease (0.08%) was observed in 2018 compared to 2012. Most of these changes included forest
clearing (class 3.2.).
3.3. Spatial Pattern and Density of Land Cover Changes
The spatial pattern of land cover changes over the Polish Baltic coastal zone in 1990-2018 was
clustered, which is documented by the ANN statistics, particularly the NN ratio of 0.42 and the zscore of –95.18, indicating that there is a less than 1% likelihood that the clustered pattern is the result
of random chance. Changes in land cover are also clustered in all analysed periods. The NN ratio did
not differ much in subsequent analysed periods, assuming values less than 1, i.e., denoting a clustered
pattern. In 1990–2000, the NN amounted to –0.33, in 2000–2006, it was –0.29, in 2006–2012, it took the
value of 0.30, and in 2012–2018, this ratio equaled 0.39 (with p <0.001 for all statistics). Moreover,
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Based on the overall CLC changes data from 1990 to 2018, a kernel density analysis was carried
out with a grid cell of 900 m and a radius of 9000 m. The results show that the density of land cover
changes estimated by kernel density function is between 0.029 and 0.82 per square kilometres, and
the average kernel density of the 7444 CLC changes varies from 0 to 0.67. The visualisation map
(Figure 7) can demonstrate the characteristics of land cover changes spatial distribution, one of which
is the CLC change concentration in the tri-city region, which is associated with a high intensification
of artificial areas. The densification of land cover changes is also clearly visible in large forest

Figure 6. The spatial pattern of land cover changes in 1990–2018, in the relation of scale. Ripley's K
function.

Based on the overall CLC changes data from 1990 to 2018, a kernel density analysis was carried
Remote Sens. 2020, 12, 2088
13 of 26
out with a grid cell of 900 m and a radius of 9000 m. The results show that the density of land cover
changes estimated by kernel density function is between 0.029 and 0.82 per square kilometres, and
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total
value
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years
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was
0.49
(Table
6).
The
marked
growth
of
urban
areas
and
the
the total value noticed for years 1990–2018 was 0.49 (Table 6). The marked growth of urban areas and
accompanying infrastructure occurred after 2006, which was caused by an increase in investments
co-financed mainly from EU funds.
Table 6. Land cover flow in 1990-2018.
Land Cover Flow

1990–2000
%/km2

2000–2006
%/km2

2006–2012
%/km2

2012–2018
%/km2

1990–2018
%/km2

LCF1—Urbanization

0.059
1975.46

0.084
2812.52

0.164
5491.11
0.016
535.72
0.009
301.34
0.301
10,078.19
0.346
11,584.90

0.183
6127.27
0.03
1004.47
0.007
234.38
0.23
7700.95
0.599
20,055.94

0.49
16,406.36
0.046
1540.19
0.157
5256.73
0.888
29,732.35
1.173
39,274.82

LCF2—Intensification of agriculture
LCF3—Extensification of agriculture
LCF4—Afforestation
LCF5—Deforestation

0

0

0.091
3046.90
0.208
6964.33
0.035
1171.88

0.05
1674.12
0.149
4988.87
0.193
6462.10

The highest increase among all analysed regions is visible in the Trojmiejski region, where not only
new housing estates were constructed, but also the expansion of the road network, construction of the
highway and city beltways, was observed. When analysing the land cover flow for LCF1 depending on
the area of the region, we can see that this is the equal distribution in terms of the size of the analysed
area (Gini coefficient equal to 0.24772)—Figure 8a.
Urban sprawl also affects seaside resorts where new tourist buildings have been built, which is
clearly visible on high-resolution images as shown in Dziwnow, which is a small city located in the
west part of the Polish Baltic coastal zone. Particularly, the Dziwnow peninsula and the embankment
of Lake Wrzosowisko were subjected to anthropological pressure after 2006 (Figure 9).

LCF5 – Deforestation

1,171.88

6,462.10

11,584.90

20,055.94

39,274.82

The highest increase among all analysed regions is visible in the Trojmiejski region, where not only
new housing estates were constructed, but also the expansion of the road network, construction of
the highway and city beltways, was observed. When analysing the land cover flow for LCF1
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depending on the area of the region, we can see that this is the equal distribution in terms of the size
of the analysed area (Gini coefficient equal to 0.24772) – Figure 8a.
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Figure
8. Gini coefficient for: (a) LCF1 and (b) LCF5.
Figure 8. Gini coefficient for: (a) LCF1 and (b) LCF5.
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Urban sprawl also affects seaside resorts where new tourist buildings have been built, which is clearly
visible on high-resolution images as shown in Dziwnow, which is a small city located in the west part
of the Polish Baltic coastal zone. Particularly, the Dziwnow peninsula and the embankment of Lake
Wrzosowisko were subjected to anthropological pressure after 2006 (Figure 9).
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ortoimagery
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peninsula.
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and
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the expansion and intensification of agriculture could be observed, especially for the Elblaski and
regions in the last analysed period, i.e., 2006–2018 (Figure 10). For these areas, the process of
Slupski
regions in the last analysed period, i.e., 2006–2018 (Figure 10). For these areas, the process of
revitalisation of rural areas began after 2010, which was supported by European Union programs.
revitalisation of rural areas began after 2010, which was supported by European Union programs.

Further changes concerned agricultural areas. In Europe, the fine-grained structure and associated
biodiversity of traditional rural landscapes continue to be affected by land take, agricultural
intensification, and farmland abandonment. However, for the analysed zone, a slight increase in the
expansion and intensification of agriculture could be observed, especially for the Elblaski and Slupski
Remoteregions
Sens. 2020,
2088
in12,
the
last analysed period, i.e., 2006–2018 (Figure 10). For these areas, the process15ofof 26
revitalisation of rural areas began after 2010, which was supported by European Union programs.
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Along with the intensification of agriculture, changes in forest cover were noted, as the highest land
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Figure
11. Land cover flows in 1990–2018 in percent: (a) LCF4, afforestation; (b) LF5, deforestation.
Figure 11. Land cover flows in 1990–2018 in percent: (a) LCF4, afforestation; (b) LF5, deforestation.
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forests, i.e., the felling of diseased trees, in order to protect the woods against fire and to maintain the
forest cover in good condition. Figure 12a–c present coniferous forest at various stages of growth, as
captured by Maxar (DigitalGlobe) and Airbus satellites such as IKONOS, QuickBird, GeoEye, and
WorldView. The images show tree logging polygons form CLC change data that has been done
during 2006-2012 (green polygon) and in 2012–2018 (yellow polygons). Meanwhile, Figure 12 d–e
presents
the2088
tremendous forest damage in the Slupski region caused by a hurricane on the night of
Remote Sens.
2020, 12,
August 11–12, 2017 and registered in CORINE Land Cover in 2018. The largest (yellow) polygon
cover an area of 3350 ha.
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Figure 12. Coniferous forest in the Slupsk region: (a) 2006 –without clear-cuttings; (b) 2012 – green polygons
Figure 12. Coniferous
forest in the Slupsk region: (a) 2006—without clear-cuttings; (b) 2012—green
indicate cutting conducted from 2006 to 2012; (c) 2018 – new cutting marked in yellow; (d–e) Bytow and Lipusz
polygons indicate
cutting
conducted
from
2006
2012; (c) 2018—new
cutting
marked in
districts of Bory
Tucholskie
Forest
CIRto
compositions,
before (d) and
after hurricane
(e) yellow;
in 2017.

(d,e) Bytow and Lipusz districts of Bory Tucholskie Forest CIR compositions, before (d) and after
hurricane (e) in3.5.
2017.
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3.5. Progress towards
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(1990-2018) by 10,295.8 ha, i.e., by an average of 367.7 ha per year. In the year 1990, it amounted to
and Starogardzki (5.71%), while the lowest one was noted in the Szczecinski region (0.04%) and the
5691.42 ha, while in 2018, it was three times larger and took the value of 15,987.22 ha. The land
city of Szczecin (0.34%). In the legally protected lands, artificial surface area increased during 28 years
consumption rate there amounts to 6.46% of the total HNV area. Nevertheless, LconR values in
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The land
the latest period of 2012–2018, and the highest 15.12% in 2000–2006 (see Figure 13).
consumption rate there amounts to 6.46% of the total HNV area. Nevertheless, LconR values in
subsequent periods of CLC inventories differed significantly, assuming the lowest value of 0.28% in
the latest period of 2012–2018, and the highest 15.12% in 2000–2006 (see Figure 13).

city of Szczecin (0.34%). In the legally protected lands, artificial surface area increased during 28 years
(1990-2018) by 10,295.8 ha, i.e., by an average of 367.7 ha per year. In the year 1990, it amounted to
5691.42 ha, while in 2018, it was three times larger and took the value of 15,987.22 ha. The land
consumption rate there amounts to 6.46% of the total HNV area. Nevertheless, LconR values in
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Remotesubsequent
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the latest period of 2012–2018, and the highest 15.12% in 2000–2006 (see Figure 13).

Figure 13. Long and short-term diversity of land consumption rate (LConR) across the Polish Baltic
coastal zone and regions.
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After 2006, the values of LconR in the Baltic coastal zone clearly decreased, reaching 3.75% in
Figure 13. Long and short-term diversity of land consumption rate (LConR) across the Polish Baltic
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The forest cover ratio in the Baltic coastal zone has been steadily increasing, reaching 32.4% in
The in
forest
cover
ratio35.3%.
in the Baltic
coastal zone(1990–2018)
has been steadily
increasing,
reaching
32.4%
in 1990,
1990, while
2018,
it was
The long-term
average
annual
increase
in forest
area was
while in 2018, it was 35.3%. The long-term (1990–2018) average annual increase in forest area was
about 0.1%, i.e., 34 km2. The index varies from 25.1% in Szczecin (city) to 48.1% in the Slupski region.
In six regions, except for Slupsk and Starogardzki, its value exceeds 30%. In the period 1990–2018,
the forest cover ratio (FR) increased slightly, from 3.56% in Szczecin to 1.84% in the Gdansk region,
while only a minimal decline of 0.14% was observed in the Trojmiejski region.
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about 0.1%, i.e., 34 km2 . The index varies from 25.1% in Szczecin (city) to 48.1% in the Slupski region.
In six regions, except for Slupsk and Starogardzki, its value exceeds 30%. In the period 1990–2018,
the forest cover ratio (FR) increased slightly, from 3.56% in Szczecin to 1.84% in the Gdansk region,
while only a minimal decline of 0.14% was observed in the Trojmiejski region.
The proportion of forest areas located within legally protected areas, or the FLPA P index, remained
at 48.76% in 2018, gradually, increasing its value compared to 1990 (see Figure 15). The highest (88.8%)
and most stable in the analysed period, the value of the FLPA P indicator, is observed in the Trojmiejski
region, where the tri-city landscape park and Oliwa forests are located. The least, albeit 25% of forests
Remote Sens.
2020, 12,areas,
2088
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protected
are observed in the Szczecin region.

Figure
15. Forest area in km2 and forest cover in protected areas.
Figure 15. Forest area in km2 and forest cover in protected areas.
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Urban expansion is a constant trend across all regions in the Baltic zone, reaching the highest
value in the Trojmiejski region (4.7%) and the lowest in Slupski (0.2). This process has been more
intensive since 2000, which is related to Poland's pre-accession declaration to the EU and financing
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and 2006–2012 [43,44], which gives a 0.10% (3348.2 ha) annual land cover change of the total area in
the years 1990–2006 and 0.16% for the period 2006–2012. The Polish coastal zone faced slightly slower
changes respectively: 0.63%, 0.59%, 0.90% in the subsequent changes, and 1.13% in the last period
of 2012–2018.
Urban expansion is a constant trend across all regions in the Baltic zone, reaching the highest
value in the Trojmiejski region (4.7%) and the lowest in Slupski (0.2). This process has been more
intensive since 2000, which is related to Poland’s pre-accession declaration to the EU and financing
structural investments. Although changes in land cover between 1990 and 2018 in the Baltic zone
showed that agricultural areas changed most often, changes in agriculture structure, denoted as
LF3, covered just 5357.2 ha, which is 0.16% of the Baltic coastal zone area. Conversion from natural
and semi-natural areas to high-intensity agriculture, i.e., the expansion and intensification (LF2) of
agriculture, was visible only in the period 2006–2012, but its size amounts to 0.05% (1674.1 ha) in
1990–2018. Land cover changes related to forest management remain the largest in terms of the total
turnover of 2.06% of the total analysed area, including afforestation by 0.89% and deforestation by
1.17%. The results indicate that this process was more intense in 2012–2018, which was mainly due
to the hurricane on the night of 11–12 August 2017. This hurricane destroyed about 26,000 ha of
forests [21], of which approximately 2000 ha are in the area under analysis. The increase in the forest
cover of the country is a visible result of the implementation of the National Program for Extending
Forest Cover (KPZL) adopted in 1995. Its intention was to increase Poland’s forest cover to 30% in 2020
and 33% in 2050.
The changes over land use in the Polish Baltic zone in the last three decades only slightly follow
the tendency in the neighbouring Baltic countries, such as Germany, Lithuania, and Estonia, where they
were much more intensive [10,18]. The results and tendencies obtained in the Polish Baltic zone are
much more similar to other coastal countries such as Malta, Cyprus, Bulgaria [46].
Changes in land cover triggered by urbanisation, landscape fragmentation, and intensification of
agriculture have been recognised and discussed by many scientists [48–50] as those that deeply affect
biodiversity and human life, especially in protected areas. Legally protected areas located in the Polish
coastal zone were also affected by land cover changes, although the total size of changed areas during
1990–2018 was mainly associated with activities aimed at the protection of nature in these areas in
compliance with European and national provisions.
Trends and the rate of land cover changes force local and regional spatial planning authorities to
identify harmful land cover flows and develop a policy that prevents their further growth. According to
the National Strategy of Regional Development [51] and EU’s territorial cohesion policy for the
Baltic Sea region [19], the spatiotemporal dynamics of land cover changes should be monitored on
a regular basis, at local and regional levels, since only continuous land use monitoring can ensure
appropriate, sustainable territorial management, and development. In Poland, according to Geodetic
and Cartographic law, the duty to monitor land cover/land use changes belongs to the responsibilities
of the Voivodeship self-government authorities [52]. However, as noted by Noszczyk [53], monitoring
activities involve general observations of the current land use structure in comparison with the previous
years (or, very rarely, several previous years), and this is certainly insufficient.
The Baltic coastal zone in Poland is perceived by public administration as a region of utmost
importance due to its location in the border area. Such a geographical location creates a few challenges
for sustainable development potential and counteracting marginalisation. The most important ones
include low transport accessibility and a low availability of goods and services, shaping development
capabilities for inhabitants [51]. The analysis shows that industrial, commercial, and transport areas
increased slightly in the Baltic area, reaching an average value of 0.7% in 2018 and a growth of 0.02%
compared to 2012, i.e., two years after the National Regional Development Strategies had entered
into force. The highest rises were observed in the Trojmiejski region (0.25%) and the city of Szczecin
(0.11%), while the lowest ones (0.01%) were observed in the Koszalinski and Slupski regions, i.e., those
with the worst road and rail access to the center of the voivodeship [54]. However, it is worth noting
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that large forest cover (35.4%) and a significant share of legally protected areas (20.7%) prevent the
free development of commercial areas and road networks, which may contribute to reducing the
development of tourism, and thus reduce the income of the population and public administration.
Therefore, pursuant to the National Strategy of Regional Development [51], local and regional policies
should complement the environmental policy for the comprehensive protection and conservation of
nature in the region, as well as improving the use of endogenous regions’ potential in order to increase
economic growth. In such a context, the monitoring of regional development plays a considerable
role, in particular, monitoring land cover changes and flows. It is assumed that the EU’s agricultural
and environmental policy, together with national environmental protection, is an important element
shaping land cover structure in the Polish Baltic coastal zone. Of utmost importance is the Act on
the Protection of Agricultural and Forest Land [55], which requires the consent of the Minister of
Agriculture and Rural Development for agricultural and forest land consumption. However, this
national legislation does not apply to the transformation of agricultural land into non-agricultural land
within the city limits.
The responsible and sustainable management of coastal zones requires access to up-to-date,
reliable spatial data stored in a spatial information system. Evidence-based remotely sensed land
cover data at a fine scale is of utmost importance for public administration as an essential tool for
managing and monitoring these areas. The CORINE land cover datasets of an agreed and harmonised
nomenclature have been available to all of Europe since 1990 for subsequent six-year periods, and as
such, they constitute an invaluable source of spatiotemporal data for monitoring the state and changes
of landscape, particularly land accounts according to EU and national regulations [25,56]. Moreover,
recently, the EEA has established a project aimed at governing coastal zone areas, in particular to
monitor landscape dynamics in coastal zones in a spatially explicit manner. The first release thematic
hotspot products will consist of land cover/land use datasets for 2012 and 2018 as well as a change layer
between 2012 and 2018. The products are going to provide land cover status and changes every six years.
The first delivery is expected by the end of 2020 [57]. As [47] noted, regular inventories of land cover
changes are vital to assess the reasons and consequences of natural and artificial processes, identify
trends, maintain ecological balance, and take these factors into account in decision-making processes.
Researchers’ interest towards attaining the 17 SDGs, agreed in September 2015, and set up in the
2023 Agenda for Sustainable Development is still a hot topic in many scientific fields. The indicators
for SDGs achievements are grouped into three tiers, according to methodological clarity and data
accessibility. Indicator 11.3.1 has been classified as tier II, although, as noted by Nicolau et al. [58] it is
not conceptually clear, as the agreed and precise definition of urban land is still missing. The elaborated
land consumption rate (LconR) is based on a remotely sensed urban area and its relative growth, and as
such, it may be considered as an input component to 11.3.1 indicator calculation. Indicators 15.1.1
and 15.2.1 belong to tier I (conceptually clear, methodology and standards are available, and data are
regularly produced by most of the countries). However, Liu et al. [59] found that the 15.2.1 progress
towards sustainable forest management required further deconstruction and analysis of its definition.
Moreover, they introduced five sub-indicators, among them a sub-indicator “proportion of forest area
located within the legally established area”, which was used in the presented study.
5. Conclusions
The investigation of land cover and its changes over time and space play an essential role in
understanding socioeconomic and physical phenomena at any level. The analysis of coastal areas is
particularly important because of their economic and social significance for all countries. The Polish
Baltic coastal area is dominated by agro-forestry landscape, with a small share (5.19%) of urbanised
surfaces. Due to the nature of the land cover and the strategic geolocation, analysing the land cover
changes in this area is very important for environmental, economic, and political purposes.
Total land cover changes in the Baltic coastal zone reveal a valuable trend in national territorial
protection policy. The analysis showed a dispersed spatial pattern of land cover changes in the Baltic
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coastal regions in each of the analysed periods. That indicates that land cover changes have affected
every Baltic region. However, the scale of changes varies depending on the region, being the highest
in the Trojmiejski (tri-city) and the lowest in Szczecinski. The structure of land cover changes in the
Polish coastal zone of the Baltic Sea is intricate and exhibits marked differences between regions.
Urbanisation mostly affected the Trojmiejski urban region and small, mainly touristic cities located
along the coastal zone. The intensification and extensification of agriculture (LF2 and LF3) dominate in
the regions of Elblaski, Slupski, and Koszlinski, where after the year 1990, as a result of the abandonment
of cooperative farms, the structure and type of agricultural production changed. These regions also
saw the marked changes in forests—on the one hand, clear-cutting, harvesting of trees, and forest
damage due to natural hazards (i.e., hurricanes), and on the other hand, afforestation in accordance
with national and regional environmental and agricultural policies.
Two distinct periods were observed in land cover changes and flow. The first, after the fall of
socialism and before Poland’s accession to the EU (1990–2006), was characterised by slower changes,
consisting mainly in the abandonment of agricultural land and afforestation. Secondly, in the years
2006–2018, there was a visible intensification of urbanisation due to the availability of EU structural and
cohesion funds. The expansion of urban and related infrastructure was accompanied by deforestation.
Our findings show that agricultural land loss, at an average at 6612.8 ha per year, was the dominant
land cover net change in the years 1990–2018. It was followed by a steady growth of the forest and
semi-natural area, by an average of 3366.2 ha annually. Afforestation is the result of planting new trees
as well as a natural expansion of forests on abandoned agricultural land (e.g., CLC change from 2.4
to 3.1). The enlargement of the artificial surface was the third observed trend of land cover changes,
with a total size of 88,560.0 ha (2.65%) and annual growth of 3162.9 ha.
The analysis of land cover changes and calculated on its basis indices monitoring the achievement
of SDGs by 2030 indicate an increase in land consumption rate and steady increase in the forest cover
ratio, and in most of the cities in the analysed area, a growth of urban green ratio.
As presented in this article, land cover changes can be easily observed with the CLC database.
Information on the land cover was derived from computed-aid visual interpretation based on optical
images (Landsat 4/5, 7, and 8, SPOT 4/5, IRS-P6, RapidEye and Sentinel 2) in the visible and near-infrared
spectrum, which allows the creation of false and true-colour compositions, and reached the 95% of
CLC thematic reliability.
Temporal trajectories of apparent land cover changes based on the multi-decadal CLC inventories
provide valuable information for regional and national authorities that force them to make transparent
(based on data) decisions. From the administrative, research, and technical points of view, the potential
of CORINE land cover data is unquestionable, since it consistently stores easily accessible spatiotemporal
data. This fact is reflected in the INSPIRE data specification for land cover [60], where the CLC is
shown as one of the sets where technical and semantic standardisation has been achieved, constituting
one of the most harmonised European datasets. Therefore, it can be stated that CORINE may be a key
element of future studies covering land cover changes related to the goals of sustainable development
across the world.
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