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ANALYSIS OF LAND USE CHANGES IN THE TRI-CITY
METROPOLITAN AREA BASED ON THE MULTI-TEMPORAL
CLASSIFICATION OF LANDSAT AND RAPIDEYE IMAGERY

Bogustawa Kwoczyniska

Summary

The aim of the study was to diagnose the main trends of land cover changes around urban ag-
glomerations over the last twenty years (1997-2016) on the example of Tri-City, and to present
them statistically and graphically in the form of compilation of numerical maps. The research
was performed on the basis of remotely sensed data: LANDSAT 5 TM satellite imagery from
1997 and RapidEye from two records (2011, 2016).

The metropolises of Gdansk, Gdynia and Sopot, constituting the core of metropolitan area
(MA), and municipalities belonging to the Tri-City MA located in its vicinity were selected for
detailed analyses - the inner zone of 2 communes and the outer zone, also of 2 communes (MA
outskirts). In the selected metropolitan area, communes with good and poor natural conditions
for agricultural production were studied.

The analyses were performed on processed images (colour compositions), which were sub-
jected to supervised classification with the maximum likelihood technique. The quality control
of supervised classification showed an accuracy of 87.2% for LANDSAT 5 TM scene analyses
and 93.8% for RapidEye imagery. The Kappa coefficient for the discussed classification was, re-
spectively: 0.85 (LANDSATTM) and 0.93 (RapidEye).

The conducted analyses showed that in the communes there were changes in the way of using
arable land and grassland. The greatest changes took place in communes with a low Agricultural
Production Space Valuation Ratio (APSVR). Grassland, and to a lesser extent areas with scat-
tered development, replaced arable land. In Gdansk, Sopot and Gdynia, belonging to the Tri-
City, the greatest changes over 20 years took place in arable land, which altogether diminished
by 17%, and forest land (13% in total). All this to the benefit of grassland (increase by 23%) and
built-up areas (10% in total in all cities).
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1. Introduction

Land cover refers to the physical properties of the earth’s surface captured during
the arrangement of vegetation, water, soil, or artificial structures. By contrast, land
use refers to the way land has been or is used by humans and their habitats, usually
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with an emphasis on the functional role of land for economic activities. Land cover/
use is a composite term that covers both land cover and land use categories. Land
cover/use provides information about changes that play an important role in local and
regional planning as well as on a macro-level planning. In most cases, environmental
planning and management tasks are cumbersome due to insufficient information on
land cover/land use change indicators. Land cover changes are naturally progressive
and gradual but can sometimes be rapid and sudden due to anthropogenic activity
[Butenuth et al. 2007].

For years, obtaining the necessary information about the cover or use of areas has
been based on satellite imagery of different terrain resolution. An example is images
such as Landsat TM and ETM + [Meliadis 2005, Meliadis et al. 2005, Comber et al.
2016]. This approach has many advantages:

1) asynoptic view of large geographic areas;
2) adigital form of data facilitating more efficient analyses;

3) land cover maps can be generated at a much lower cost than others.

However, the Landsat terrain resolution (30 m) does not always allow to achieve
the appropriate study accuracy. Therefore, more and more often in recent times, widely
available free of charge imagery such as SENTINEL-2A or ESA and commercial satel-
lite systems e.g., WorldView-2, DigitalGlobe or RapidEye are used.

The MOLAND (Monitoring Land Cover/Land Use Dynamics) project implemented
by the EU’s Joint Research Centre can serve as an example of the use of remote sensing
images to monitor spatial transformations in urbanised areas. This programme was
a continuation of the previously implemented (since 1998) MURBANDY (Monitoring
Urban Dynamics) programme. The aim of the MOLAND programme was to assess,
monitor and model the past, present and future development of cities and regions from
the sustainable development point of view [Barredo et al. 2003].

Remotely sensed image data constitutes an objective record of alandscape, a compre-
hensive registration of its components and the relationships taking place between
them, especially spatial ones [Mularz et al. 2007]. They have different cartometric and
photo-interpretation potential, determined mainly by the character and resolution of
the imaging, enabling them to be used to develop maps of land cover and land use at
various scales and with varying degrees of detail of demarkings [Drzewiecki 2008]. In
their studies, these topics were also discussed by [Grabowska 2017], [Schneider 2012],
[Tewkesbury et al. 2015], [Tian et al. 2013], [Reihaneh Peiman 2011], [Lu et al. 2004],
[Bruzzone 1997], [Zhu et al. 2014], [Cegielska et al. 2018].

The aim of this study was to diagnose the main trends of land cover changes around
urban agglomerations, with particular emphasis on arable land and grassland. The anal-
yses were conducted on the example of selected communes of the Tri-City (Gdansk,
Gdynia, Sopot) over the period of twenty years (1997-2016).

The research results were presented with the use of graphical (compilation of
numerical maps), tabular (statistical summaries) and descriptive methods. The project
was based on remotely sensed data: RapidEye and LANDSAT TM satellite imagery.
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2. Remote sensing methods used to analyse land use changes

The development of remote sensing techniques, in particular the increase in the
temporal and spatial resolution of remote sensing images, made it possible to conduct
both detailed research on small areas and the creation of global studies of changes
in land cover and land use. In places where these changes occur very quickly, they
can be observed in real time [Verburg et al. 2009], [Abburu and Golla 2015, Comber
et al. 2016].

In remote sensing studies, land cover is observed and on its basis the use is
concluded. Thus, legends are constructed in which specific areas fit both concepts,
comparing in a given class a specific type of land cover corresponding to its use. These
types of legends are widely used in research, the subject of which is referred to as Land
Use/Land Cover [Civco et al. 2002, Chen et al. 2003, Cakir et al. 2006, Vieira et al. 2012,
Hermosilla et al. 2018].

Over the years, remote sensing has been used to map land use/land cover in
different parts of India [Gautam and Narayanan 1983, Sharma et al. 1984, Jain 1992,
Brahabhatt et al. 2000]. It made it possible to study land cover changes in less time, at
lower cost and with greater accuracy. The remote sensing and geographic information
system (GIS) provide efficient methods for analysing land use issues and tools for land
use planning and modelling.

Multi-temporal remote sensing images are not only a highly effective tool to moni-
tor the changes taking place on the Earth’s surface but also, as studies conducted as
part of the MOLAND programme show, they can also provide data necessary to build
advanced models supporting spatial policy on a local, national and European scale
[Busko and Szafranska 2018].

There are Europe-wide Earth monitoring programmes, including GMES (Global
Monitoring for Environment and Security). GMES is an initiative of the European
Union, implemented jointly by the European Commission and the European Space
Agency, the aim of which was to support the implementation of the sustainable devel-
opment policy [Michatowska and Glowienka-Mikrut 2010]. The implementation of
the programme began with the initiation of the so-called Fast Track Services (FTS)
concerning three application areas: land surface monitoring, sea monitoring and
extraordinary environmental threats [Prakasam 2010]. The programme, the imple-
mentation of which was started as part of the fast track for the so-called continental
component, is a continuation of the CORINE Land Cover programme.

The results of the work of such programmes are atlases that show changes taking
place in selected European cities [Bochenek 2004]. The study of land cover and land
use changes based on multi-time remote sensing images has been performed for many
years both in Poland and abroad [Krischke 2000, Lu 2004, Ciotkosz and Polawski 2006,
Verburg et al. 2009, Sandau 2010, Loveland and Dwyer 2012, Markham and Helder
2012, Wulder et al. 2012, Wezyk et al. 2013, Xu et al. 2018].

In their publication, Lu et al. [2004] reviewed the methods of detecting changes
based on satellite imagery. They divided the methods into seven general groups: alge-
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braic methods, transformations, classifications, models, application of geographic
information systems, visual analyses and other approaches [Zhu 2017].

The method used in this study, the supervised classification using the “Maximum
Likelihood” technique [Hejmanowska et al. 2020], belongs to one of them, and the
research concerns the area of northern Poland, i.e., the Tri-City metropolitan area
(MA).

3. Research methodology
3.1. Source data

Nowadays, the basic source of information about the environment, and at the same
time about the changes taking place in it, is satellite imagery. When examining changes
in land cover, the most important advantages of satellite images are: synopticity, high
repeatability of imaging the same areas, relatively low acquisition cost and automation
of the process of interpreting their content [Ciotkosz and Potawski 2006, Hermosilla
et al. 2018]. A very important and invaluable factor that may affect the use of this data
is its availability. The Landsat mission has been providing data about the Earth continu-
ously for forty years. All archival and up-to-date images are available to any user world-
wide, free of charge. Sensory Thematic Mapper and Enhanced Thematic Mapper Plus
located on satellites moving in a heliosynchronous orbit are the source of multispectral
images with a field resolution of 30 m [Yuan et al. 2005, Niedzielko and Lewinski 2012,
Vogelmann et al. 2016, Wulder et al. 2016, Zhu 2017].

The work uses source materials divided into three periods, i.e., set A: including
LANDSAT 5 TM (Thematic Mapper; NASA) satellite scenes from 1997; set B: RapidEye
images from 2011; and set C: RapidEye images from 2016.

The Landsat system was launched on July 23, 1972, when the first satellite was
launched to an altitude of 920 km above the Earth. The satellite moves in a circular
heliosynchronous orbit. The RBV (Return Beam Vidicon) imaging camera and the
Multispectral Scanner System (MSS) have been installed on board satellites 1, 2 and 3.
The disadvantage of this system is its accuracy, which makes detailed analysis impossi-
ble. In 2013, a new satellite was sent into orbit, which allows for the creation of images
with slightly higher accuracy. In Landsat 8, it is 15 meters per pixel.

The LANDSAT TM data was chosen because of their 40-year uninterrupted
sequence of observations and availability [Loveland and Dwyer 2012, Markham and
Helder 2012, Wulder et al. 2012, Hermosilla et al. 2018]. When selecting the images,
5 basic criteria were adopted, i.e.: the registration period in April-November (sets A,
B and C); cloud cover for a single scene no greater than 20%; field resolution < 30.0 m;
radiometric resolution: 8-bit; spectral resolution: minimum 4 channels [Wezyk et al.
2013]. These images were pre-processed.

Set B and C (images from 2011 and 2016) included multispectral satellite images
of the RapidEye commercial system, which is characterised by a constellation of five
satellites located at an altitude of 630 km, placed in a heliosynchronous orbit moving
at 19-minute intervals, imaging in 5 spectral channels (RGB + 2xNIR) with a spatial
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resolution of 5.0 m [Krischke et al. 2000, Sandau et al. 2010]. This is a new system
compared to Landsat. It was launched into orbit on August 29, 2008. One of the biggest
advantages of the system is a wide recording band and a high resolution of 5 meters
per pixel, which gives 3 times better quality compared to the latest version of Landsat
(Landsat 8).

The images obtained in this way were used for the land use/land cover (LULC)
classification of the Tri-City and its neighbouring communes as of 2016. Digital ortho-
photos with a spatial resolution of 0.25 m and current as of 2016 were also obtained
for the studied area. The orthophotos were used to improve the quality of RapidEye
satellite image classification (2011 and 2016) [Kwoczynska et al. 2019].

3.2. Characteristics of the research object

The selection of the metropolises was related to the territorial scope of the project
under which a broader research on the sustainable development of selected metro-
politan areas in Poland was conducted. In the scope of the project 2016/21/D/
HS4/00264 entitled Urban agriculture as a challenge to the sustainable development of
metropolitan areas in Poland, economic, social, environmental and planning aspects
have been limited to selected metropolitan areas of Poland, which are understood as
“the area of a large city and its direct surroundings functionally related to it, estab-
lished in the concept of spatial development of the country” [KPZK 2030]. As part
of this project, 5 metropolitan areas were analysed: a large one — Warsaw, medium-
sized ones — Krakéw, Tri-City and Wroclaw, and a small one - Lublin. These areas
were also selected taking into account the location, so that they represent the area
of southern, central, northern, eastern and western Poland. This made it possible to
take into account the large diversity of individual parts of the country, as differences
in the level of agricultural development that are visible to this day have their source in
distant historical events.

The analysis of land use changes in selected communes of the Lublin metropolitan
area based on remote sensing data was presented in the publication [Kwoczynska et al.
2019], while the above publication presents analyses for selected communes of the
Tri-City (Gdansk, Gdynia, Sopot). The distribution of selected metropolises in Poland
is shown in Figure la, and the distribution of communes within the Tri-City MA in
Figure 1b and c.

The analyses covered selected communes of the Tri-City metropolitan area (MA),
which include the communes: Kosakowo, Stegna, Nowy Dwoér Gdanski and Suleczyno,
as well as the cities of Gdansk, Gdynia, Sopot, constituting the Tri-City, and at the
same time the core of the metropolitan area (MA). The total area of these zones is
975.65 km?, and the number of inhabitants is approximately 800,000.

The communes for the analysis were selected in accordance with the scope of
sustainable development. The Tri-City is the core of the analysis, Kosakowo and
Stegna belong to the inner ring surrounding the MA (metropolitan area) and the
outer ring are the remaining communes: Nowy Dwoér Gdanski and Suleczyno. The
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Fig. 1. Distribution of: a) selected metropolitan areas (MA) in Poland; b) communes of the
Tri-City MA in the Pomeranian Voivodeship, ¢) communes in relation to the Tri-City

commune of Nowy Dwoér Gdanski and Stegna are communes with a high APSVR
(Agricultural Production Space Valuation Ratio), while Kosakowo and Suleczyno
have a low APSVR (Fig. 2).

For each of the selected municipalities, the condition and changes (1997-2016)
of the land use structure (forests, agricultural land, grassland, wasteland, water) were

assessed, and the expansion of buildings (compact and dispersed development) to agri-
cultural areas was analysed.
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Fig. 2. Distribution of communes within the metropolitan area

3.3. Processing of remote sensing images

In order to obtain information on land use in the analysed time periods and the studied
communes, Landsat and RapidEye images were digitally classified, but firstly, on the
basis of appropriately selected spectral channels, the following colour compositions
were created for them:

o For the 1997 Landsat imagery, the composition (452) was prepared, which best re-
flected the data of the utility structure

o For the 2011 RapidEye images, the following compositions were prepared: (123),
(135), (243), of which the composition (123) was selected for further research,

o For the 2016 RapidEye images, the following compositions were prepared: (345),
(213), (423), of which composition (423) was selected for supervised classifi-
cation.

Figures 3-5 show the colour compositions used.

For the analysis included in the study, the classification supervised with the use of
the “Maximum Likelihood” technique was used. The application of this method was
reported by [Balazy et al. 2013], [Oliveira Duarte 2016], while Li and Yeh [1998] in:
Lu D. et al. [2004] used the supervised maximum-likelihood classification to detect
land cover changes in the Pearl River Delta area in China.

In the first phase, supervised classification consists in selecting the so-called train-
ing fields on the basis of which the class patterns are created, i.e., similarly to the unsu-
pervised method: class measures and ranges. Detailed image statistics are calculated
for training fields (e.g., DN values: average, minimum, maximum, standard deviation,
variance). In the next phase, pixels are assigned to user-defined classes (e.g., forest,
water, buildings) using various classification algorithms. This process is called super-
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Fig. 3. The (452) colour composition based on a Landsat images from 1997

2011 RapidEye imagery
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Fig. 4. The (123) colour composition based on a RapidEye images from 2011
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2016 RapidEye imagery
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Fig. 5. The (423) colour composition based on a RapidEye images from 2016

vised classification because the user has full control over the entire process. The last
stage is the analysis of the reliability of the classification, which is carried out using a
set of test fields (also called control plots) similar to the training fields, but determined
independently from them [Hejmanowska and Wezyk 2020].

In remote sensing, the following algorithms have been used for supervised classi-
fication for many years: the parallelepiped, the minimum distance and the maximum
probability methods. Relatively new methods used for image classification are: random
forests, support vectors and deep learning.

The Maximum Likelihood Classification (MLC) is a method based on calculat-
ing the probability that each pixel belongs to a specific class. The pixel is assigned
to a class with the highest probability of belonging. The method assumes that the
pattern statistics used to calculate the probability value of belonging to a given class
are normally distributed. The method provides the most accurate results among the
methods mentioned, but it is the most computationally demanding [Hejmanowska
and Wezyk 2020].

As mentioned above, the maximum likelihood technique was selected for the
classification of the research areas and its accuracy was assessed. As a result of the
conducted classification, 6 classes of land cover and land use were obtained for three
research dates (1997, 2011 and 2016), i.e., forests, grassland, arable land, urbanized
areas (compact and scattered development) and water. The result of the work are the
obtained land use maps for individual research dates and communes of the Tri-City
MA (Fig. 6-8).
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Fig. 6. Map of land use in the Tri-City MA drawn up on the basis of the Landsat image from
1997

2011 RapidEye imagery
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Fig. 7. Map of land use in the Tri-City MA drawn up on the basis of the RapidEye image from
2011
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2016 RapidEye imagery
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Fig. 8. Map of land use in the Tri-City MA drawn up on the basis of the RapidEye image from
2016

On the basis of the error matrix, parameters describing the classification accuracy
were determined. The performed quality control of supervised classification showed
an accuracy of 87.2% for LANDSAT 5 TM scene analyses and 93.8% for RapidEye
imagery. The Kappa coefficient for the discussed classification was, respectively: 0.85
(LANDSATTM) and 0.93 (RapidEye).

4. Research results and discussion

The basic assumption in the adopted method of examining changes was to perform
independent classification of satellite images for each registration date, using the same
set of land cover classes, and to compare the classification images. The accuracy of
distinguishing individual land cover classes directly affects the precision of deter-
mining change areas. Therefore, it is extremely important to use such a classification
method that would ensure the classification of the satellite image with the highest
possible accuracy. In the presented study, it was the maximum likelihood method
[Kwoczynska et al. 2019].

The comparison of the obtained land use maps of the surveyed areas from individ-
ual time periods allowed for the determination of changes in the land use structure
both in the Tri-City and the neighbouring communes over 20 years. Detailed lists of
the percentage share of each class of land in the total area of the surveyed communes
and the Tri-City in the analysed time intervals are presented in Tables 1-3.
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Table 1. Percentage breakdown of individual land use classes (LULC) in each commune of the
Tri-City MA, made on the basis of Landsat imagery

1997 Landsat imagery
LULC Forests | Grassland Arable Dispersed Compact Water
[%] [%] land development | development [%]
[%] [%] [%]
Gdansk 29.00 14.00 20.00 9.00 23.00 5.00
Sopot 69.00 8.00 4.00 3.00 16.00 0.00
Gdynia 53.00 8.00 11.00 4.00 21.00 3.00
o | Gommune of 14.00 17.00 55.00 4.00 8.00 2.00
S | Stegna
2 | Commune of
O 26.00 19.00 36.00 7.00 11.00 1.00
T | Kosakowo
=
Commune of
Nowy Dwor 7.00 23.00 60.00 6.00 4.00 0.00
Gdanski
Commune of 41.00 8.00 36.00 2.00 4.00 9.00
Suleczyno

Table 2. Percentage breakdown of individual land use classes (LULC) in each commune of the
Tri-City MA, made on the basis of RapidEye imagery from 2011

2011 RapidEye imagery
L Forests | Grassland Alralzile leslp s d Colm pact | yyater
(%] %] an evelopment | development %]
[%] [%] [%]
Gdansk 23.00 22.00 17.00 10.00 24.00 4.00
Sopot 64.00 10.00 3.00 6.00 17.00 0.00
Gdynia 52.00 11.00 8.00 5.00 21.00 3.00
« | Communeof 1400 | 2700 | 45.00 4.00 8.00 2.00
s Stegna
Z Commune of
) 24.00 34.00 23.00 8.00 11.00 0.00
o Kosakowo
= Commune of
Nowy Dwor 6.00 33.00 49.00 6.00 6.00 0.00
Gdanski
Commune of 44.00 19.00 21.00 4.00 4.00 8.00
Suleczyno
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Table 3. Percentage breakdown of individual land use classes (LULC) in each commune of the
Tri-City MA, made on the basis of RapidEye imagery from 2016

2016 RapidEye imagery
LULC Forests | Grassland Alrable Dlslpersed Colmpact Water
[%] [%] and | development | development [%]
[%] [%] [%]
Gdansk 22.00 28.00 11.00 11.00 25.00 3.00
Sopot 63.00 11.00 3.00 6.00 17.00 0.00
Gdynia 53.00 14.00 4.00 5.00 22.00 2.00
Commune of 15.00 28.00 | 41.00 6.00 8.00 2.00
S | Stegna
=
2 | Commune of
o 22.00 47.00 10.00 9.00 12.00 0.00
7 | Kosakowo
&
Commune of
Nowy Dwor 5.00 36.00 46.00 7.00 6.00 0.00
Gdanski
Commune of 45.00 26.00 10.00 4.00 4.00 7.00
Suleczyno

Changes in land use that took place in individual communes of the Tri-City metro-
politan area between individual research periods are presented in Tables 4 and 5.

Table 4. Percentage breakdown of changes in land use for individual communes of the Tri-City
MA made on the basis of 1997 Landsat — 2011 RapidEye imagery

1997 Landsat — 2011 RapidEye
Gdansk | Sopot | Gdynia | Kosakowo | Stegna | Suleczyno Nowy Dwér
Gdanski

Land [%] [%] [%] [%] (%] (%] (%]
Forests -6 -5 -1 -2 0 3 -1
Dispersed 1 3 1 1 0 ) 0
development

Compact 1 1 0 0 0 0 2
development

Grassland 8 2 3 15 10 11 10
Arable land -3 -1 -3 -13 -10 -15 -11
Water -1 0 0 -1 0 -1 0
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Table 5. Percentage breakdown of changes in land use for individual communes of the Tri-City
MA made on the basis of 2011 RapidEye — 2016 RapidEye imagery

2011 RapidEye - 2016 RapidEye
Gdansk | Sopot | Gdynia | Kosakowo | Stegna | Suleczyno ey Dt
Gdanski

Land o] | 16l | (%) (%] (%] (%] [%]
Forests -1 -1 1 -2 1 1 -1
Dispersed 1 0 0 1 ) 0 1
development

Compact 1 0 1 1 0 0 0
development

Grassland 6 1 3 13 1 7 3
Arable land -6 0 -4 -13 -4 -7 -3
Water -1 0 -1 0 0 -1 0

The changes that took place in the 20-year period in the Tri-City metropolitan area

are presented in Table 6 and graphically in Figure 9.

Table 6. Percentage breakdown of changes in land use for individual communes of the Tri-City
MA made on the basis of 1997 Landsat — 2016 RapidEye imagery

1997 Landsat - 2016 RapidEye
Gdansk | Sopot | Gdynia | Kosakowo | Stegna | Suleczyno Nowy Dwér
Gdanski
Land [%] (%] (%] (%] (%] (%] (%]
Forests -7 -6 0 -4 1 4 -2
Dispersed ) 3 1 ) ) ) 1
development
Compact 2 1 1 1 0 0 2
development
Grassland 14 3 6 28 11 18 13
Arable land -9 -1 -7 -26 -14 =22 -14
Water -2 0 -1 -1 0 -2 0
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Fig. 9. Chart of percentage changes in land use for individual communes of the Tri-City MA
over 20 years

The conducted analysis showed the greatest changes in the way of use in communes
with a low Agricultural Production Space Valuation Ratio (APSVR), i.e., in Kosakowo
and Suleczyn. In these communes there was a significant loss of arable land (even of
26%) in favor of grassland, and it is independent of the location of these communes
in relation to the MA core. In communes with favourable conditions for agricultural
production space, these changes are almost half as small.

This relationship is consistent with the law of economic rents (differential rent I).
It is also emphasised in the literature on the subject that land with lower suitability
for agricultural production is excluded from agricultural use as first [Gellrich and
Zimmermann 2007, Xie et al. 2014, Wojewodzic 2017]. The research also showed large
changes in the area of grassland, and they were strongly correlated with changes in
arable land. The increase of the grassland area took place at the expense of arable land.
In most of the analysed communes, the more intensive production on arable land was
transformed into a less intensive one based on the use of grassland.

In individual communes and cities, the increase in built-up areas did not exceed
4%, so it is relatively small.

In Gdansk, Sopot and Gdynia, belonging to the Tri-City, the greatest changes over
20 years took place in arable land, which altogether diminished by 17%, and forest land
(13% in total). All this to the benefit of grassland (increase by 23%) and built-up areas
(10% in total in all cities).

The nature of changes in land use for this metropolitan area results primarily from
its geographical location and the specificity of industry (the shipbuilding industry
predominates here), and tourism has a dominant influence here.
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5. Conclusions and summary

The aim of the study was to diagnose the main trends of land cover changes in a selected
metropolitan area in Poland. The analyses focused mainly on the assessment of changes
in the share of arable land and grassland. The conducted analyses showed that by far
the greatest changes took place in communes with worse natural conditions, and not in
the M A core. In the case of this particular metropolitan area, the claim that the strong
pressure of the non-agricultural sector in cities reduces the share of arable land mainly
in communes close to the city was not confirmed. However, it should be noted that the
natural conditions of agricultural activity were of greater importance in the processes
of arable land conversion. Larger losses of arable land were recorded in communes with
worse conditions for agricultural activity.

The progressive reduction in the intensity of agricultural activity is typical for the areas
of fragmented agriculture and is particularly relevant in communes with an attractive
labour market. The growing share of grassland with a simultaneous decline in livestock
production may, however, be a symptom of speculative activity. The owners of agricul-
tural land do not want to sell or lease them, as having land relatively close to the city may
bring benefits in the form of planning rent or location rent [Kwoczynska et al. 2019].

Research conducted with the support of the National Science Centre under the project
No. 2016/21/D/HS4/00264.
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