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Abstract: Urbanization processes are some of the key drivers of spatial changes which shape and
influence land use and land cover. The aim of sustainable land use policies is to preserve and manage
existing resources for present and future generations. Increasing access to information about land use
and land cover has led to the emergence of new sources of data and various classification systems
for evaluating land use and spatial changes. A single globally recognized land use classification
system has not been developed to date, and various sources of land-use/land-cover data exist around
the world. As a result, data from different systems may be difficult to interpret and evaluate in
comparative analyses. The aims of this study were to compare land-use/land-cover data and selected
land use classification systems, and to determine the influence of selected classification systems
and spatial datasets on analyses of land-use structure in the examined area. The results of the
study provide information about the existing land-use/land-cover databases, revealing that spatial
databases and land use and land cover classification systems contain many equivalent land-use types,
but also differ in various respects, such as the level of detail, data validity, availability, number of
land-use types, and the applied nomenclature.

Keywords: land-use/land-cover types; land-use/land-cover mapping; urbanized areas; sustainable
land use; land management; spatial planning

1. Introduction

The 21st century is a time of continuous and dynamic changes in land management.
Urbanization has been proceeding rapidly and is using significant tracts of previously
unmanaged land. Sustainable management of land, as well as environmental and anthro-
pogenic resources, requires a thorough knowledge of land-use structure and changes in
land use, in particular in urbanized land that is subjected to human pressure.

1.1. Sustainable Land Use and Land-Use Structure

Anthropogenic pressure is one of the main drivers of change in space which directly
affects land-use structure [1–3]. Changes in land-use structure transform the natural
environment and, indirectly, lead to changes in climate and biodiversity [4–6]. Land-use
structure is affected by geographic location; policies implemented at the local, regional,
and national level; socioeconomic situation; spatial features that determine potential
development strategies in a given area; existing land-use types; a need to address and
resolve the consequences of misguided planning decisions; provision of local zoning
plans and zoning decisions; restructuring measures implemented in a given area; as well as
guidelines for rational land management [7–9]. Despite the adoption of numerous legal acts
aimed at protection of the environment and promotion of sustainable development, poorly
designed legislation can exert a negative impact on land-use structure [10]. Sustainable
land use is influenced by socioeconomic processes that affect spatial development, and
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by the effectiveness of land planning and land management tools that regulate these
processes [11].

Sustainable land use has been addressed by the Sustainable Development Goals of
the 2030 Agenda for Sustainable Development. Rational land management can play a key
role in counteracting climate change and protecting biological diversity, while contributing
to social welfare and economic growth. In view of ongoing urban expansion, integrated
approaches for planning development of both urban and suburban areas should be sup-
ported to ensure sustainable land-use planning [12]. Therefore, land management and
planning policies should promote a harmonious balance between the natural environment
and changes resulting from human activity. The implemented policies should encourage
sustainable management of the natural and urbanized environment to ensure that the
existing resources are managed responsibly, therefore, meeting the needs of the present
and future generations [13].

Land-use analyses are the main sources of information for assessing the extent to
which social, economic, and environmental factors affect urbanization processes and spatial
structure [14]. A thorough knowledge of existing land-use patterns and changes in land use
over time is essential for analyzing spatial processes and problems and for implementing
land management policies that maintain or improve living standards and the quality
of life [15]. Analyses of land-use structure enable diagnoses of spatial arrangement in
a studied area, the existing state of land development, intensity of land development
projects, and the influence of anthropogenic pressure in the evaluated area. Information
about spatial development, including land-use structure, plays a key role in planning
processes and environmental management [16,17]. Spatial and functional structure depicts
the distribution of various land-use types (functions) and their proportions in an analyzed
area [18]. As a result, studies on land-use structure have focused on land-use patterns in
different types and categories of land. According to Pei et al. [18], urban land-use types can
be identified based on their physical appearance (such as the reflection or texture coefficient)
or social function. Urban and suburban areas are characterized by the most rapid growth.
Urban functions generally carry greater economic weight than other types of land use,
which implies that agricultural functions in urban areas cannot be effectively protected
against progressing urbanization [9]. Urban areas are also characterized by considerable
fragmentation and spatial diversification of different land-use types, which is why the
existing state and changes in land use/land cover should be investigated in urbanized
areas that are subjected to anthropogenic pressure [19]. A thorough knowledge of the
distribution and area of various land-use types, as well as changes in their proportions, is
needed in local and regional planning [15]. Land-use analyses and the generated land-use
maps can support decision-making in sustainable development, and they constitute a
valuable source of knowledge for predicting future changes in space [3].

1.2. Analysis and Sources of Land-Use/Land-Cover Data

Research studies aimed at analyzing land-use/land-cover structures have been con-
ducted around the world. Increasing access to information about land use/land cover leads
to the emergence of new sources of data and various classification systems for evaluating
land use and spatial changes [20]. The rapid development of software tools has consider-
ably enhanced research into land use/land cover. Geographic Information Systems (GIS)
are widely used in urban development and planning to analyze land-use structure and
changes in space [21–23]. Contemporary research on land-use structure relies on satellite
data [24,25]. Various types of remotely sensed data acquired by Landsat satellites have
been used since the early 1970s for identifying land-use structure [26]. Remote sensing
techniques capture the physical features of land use and are considered to be the key
methods of classifying urban land use [18]. Digital archives of remotely sensed data have
facilitated studies on historical changes in land use/land cover, including those related
to environmental and anthropogenic factors [1,3]. Other methods and data sources for
examining land-use structure have also been described in the literature, including field
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surveys, spatial inventories, geosurveys, geolocation methods, public registers, mobile
data, social media, and others [2,27–32].

The Copernicus program for monitoring the Earth is an important source of infor-
mation on land use/land cover. Data are collected from various sources, including Earth
observation satellites and in situ sensors. As part of the program, remotely sensed data on
land use/land cover can be acquired from the CORINE Land Cover repository covering
the territory of Europe. Local data are also available, and they supply more detailed
information about land use/land cover in areas confronted with various environmental
challenges and problems [33]. Valuable information about land use/land cover can also
be obtained from the Urban Atlas whose geographic cover is limited to functional urban
areas (FUAs) [34–37]. Data on riparian zones, coastal zones, and Natura 2000 areas are also
available [33]. A cadaster is a conventional and widely used source of information about
land use, which is a public register of land, buildings, property owners, and tenants and
cadaster data are widely used in land-use analyses [38–40]. In Poland, official sources of
land-use data include the Database of Topographic Objects (DBTO10k) and the cadaster
which is referred to as the Land and Building Register [41,42].

1.3. Research Objectives

Regardless of the selected research method, the adopted land use/land cover classi-
fication and sources of data have to be sufficiently detailed for the needs of the planned
analyses. A single globally recognized land use classification system has not been devel-
oped to date, and various sources of land-use/land-cover data exist around the world. Land
management has been investigated in multiple fields of science, and various approaches
have been deployed in land-use structure analyses, which has led to the emergence of
numerous land use classification systems [40]. The evolution of various land use/land
cover classification systems has been driven by national and international initiatives, and
these systems have been developed for various purposes, which is why they differ in
nomenclature and specific attributes [43]. Therefore, the present study aimed at answering
the following research questions: What information do land use/land cover classifications
and spatial databases provide, and what are the similarities, differences, and limitations?

In view of the above questions, the aim of this study, was to compare land-use/land-
cover data in selected land classification systems to determine the influence of land
use/land cover classification and spatial data on analyses of land-use structure in ur-
banized areas and areas subjected to anthropogenic pressure, using the example of Poland.
Land use classification systems that are directly linked with spatial databases were identi-
fied for the purpose of automating the analytical process, for example, with the use of GIS
software. This study was also undertaken to generate information about existing databases
and to discuss their strengths, weaknesses, and limitations. The research hypothesis postu-
lates that land use/land cover classification systems and databases differ in the level of
detail, data validity, availability, as well as the number of land-use/land-cover categories. It
was also assumed that classification systems that are cross referenced with spatial databases
contain a higher number of land-use types than systems that are developed for the needs of
thematic scientific analyses. An attempt was also made to determine whether the number
of land-use types in the analyzed classification systems correlated with the level of detail
in the spatial datasets.

The discussed problem has practical relevance because a single universally accepted
classification system or spatial database have not been developed to date. Urbanization
proceeds at a different rate in various parts of the world, and the present status of land and
changes in land management have to be monitored in urbanized areas and areas subjected
to anthropogenic pressure. Therefore, special attention was paid to built-up and urbanized
areas. These areas change dynamically, and their layout is closely associated with physical
and geographic factors. Urban areas have to be effectively monitored to guarantee that
their expansion is consistent with the goals of sustainable development.
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2. Materials and Methods

Knowledge of land-use structure plays a very important role in land management anal-
ysis, in particular in areas that are subjected to anthropogenic pressure [17]. The selection
of an appropriate land use classification method and data source support the acquisition of
reliable results with a sufficient level of detail for describing the evaluated area.

2.1. Research Stages, Data Sources, and Methods

The adopted research goals were pursued in stages, as outlined in Figure 1.

Figure 1. Stages of research.

The study involved desk research and a comparative analysis of the collected source
materials with the use of cartographic methods. Source materials were collected in the first
stage of the research. The existing land use classification systems were analyzed in the
context of formal classification systems that are regulated by legal provisions and are based
on cadastral data, CORINE Land Cover data, or Urban Atlas data, as well as informal
classification systems that are created based on research results or the existing classification
systems and are used for specific analytical needs [42,44–46].

The following land use classification systems were selected for analysis:

• CORINE Land Cover (CLC) [45];
• Urban Atlas (UA) [46];
• Database of Topographic Objects (DBTO10k) [41];
• Polish cadaster (Land and Building Register) [42];
• Land use classification proposed by Anderson et al. [15];
• Land use classification proposed by Pei et al. [18];
• Land use classification proposed by Jia et al. [27];
• Land use classification proposed by Huang et al. [44].

In the next stage of the study, the selected land use classification systems were eval-
uated for their thematic scope, level of detail, and the number of land-use types. The
availability of spatial data relating to land management in the examined classification
systems was verified by establishing whether the analyzed systems are directly refer-
enced with spatial data in the existing databases and whether these databases are publicly
available. The availability of spatial data had to be checked because some classification
systems are directly linked with maps containing spatial data on land management (such
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as the Urban Atlas and the Database of Topographic Objects), whereas in other systems,
users have to generate their own maps or modify the existing map resources based on the
characteristic attributes of the presented land-use types.

Then, the selected classification systems were compared. Only land use classification
systems that were cross referenced with spatial databases were taken into consideration at
this stage of the research. Each system was analyzed, and classifications that were cross
referenced with spatial databases were listed in a table presenting land-use types. To
account for the fact that global land resources have been subjected to growing urbanization
pressure which has increased the area of urbanized and built-up land, two main categories
of land use were listed in the table. i.e., built-up and urbanized land and undeveloped
land (open space). This division supported a more accurate comparison of the analyzed
classification systems in terms of land-use types identified in both categories.

In the last stage of the study, the test area was selected, and its land-use structure
was analyzed based on the data acquired from publicly available spatial databases. The
strengths, weaknesses, limitations, quality, validity and availability of data, the number
of land-use types identified in the test area, and the degree of data generalization were
analyzed. An urbanized area that had been subjected to anthropogenic pressure was
selected for the needs of this study to identify the differences and similarities among the
evaluated databases. Changes in land-use structure proceed most rapidly in urbanized
areas which are characterized by considerable fragmentation of land-use/land-cover types
and a high number of diverse land-use types. The selected test area was a city with the
surrounding suburban zones. Spatial data were acquired from the following three publicly
available databases: CORINE Land Cover (CLC), Urban Atlas (UA), and the Database
of Topographic Objects (DBTO10k). These data were compared with an orthophoto map
depicting land-use types in the analyzed area. The CLC uses a minimum mapping unit of
25 hectares for areal phenomena and a minimum width of 100 m for linear phenomena.
Thematic accuracy is ≥85% [45]. The Urban Atlas uses a minimum mapping unit of
0.25 ha for urban classes and 1 ha for the rural classes and a minimum width of 10 m for
linear phenomena. The image resolution is 2.5 m [46]. The CORINE Land Cover data
and the Urban Atlas data are provided in separate databases (both for the vector and
raster versions). The accumulated data in the DBTO10k correspond to topographic maps
in 1:10,000 scale [41]. The DBTO10k resources are available via WMS (Web Map Service)
and in the vector version. The orthophoto map is characterized by a pixel size of 25 cm.
The validity, coverage, and sources of the evaluated databases are presented in Table 1.
Data were analyzed with the use of GIS tools, including licensed ArcGIS software and
QGIS open-source platform. For research purposes, the available WMS/WMTS (Web Map
Service/Web Map Tile Service) services (CLC, UA, and orthophoto map) and data in GML
file format (DBTO10k) were used.

Table 1. Validity, coverage and sources of data in the analyzed databases in the test area.

Database Last Update Coverage Source of Data

CORINE Land Cover 2018 full WMS

Urban Atlas 2018 full in research area
(partial in Europe) WMS

Database of Topographic
Objects (DBTO10k) 2015 full (only in Poland) GML files

Orthophoto map 2018 full WMTS

Note: WMS—Web Map Service; WMTS—Web Map Tile Service.

2.2. Study Area

The studied area was the city of Olsztyn and the surrounding suburban zones. Ol-
sztyn is situated in the Polish Voivodeship of Warmia and Mazury (Figure 2), and it had
a population of 171,979 in 2019 [47]. Olsztyn was selected for the study because it is a
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voivodeship capital and a functional urban area (FUA). Olsztyn is an urban center at the do-
mestic level, and it fulfills selected metropolitan functions at the domestic and international
level. The studied area features diverse land use categories and typologically different
zones, including urban areas (with high development density), suburban/transitional areas
(peripheral areas with lower development density, and the coexistence of highly developed
and undeveloped land), and rural areas with a predominance of undeveloped land and
natural land cover.

Figure 2. Location of the test area (C) in Poland (A) and in the Voivodeship of Warmia and Mazury (B).

3. Results

In line with the adopted methodology and research stages, basic information about the
analyzed land use classification systems are described Section 3.1. The selected classification
systems are compared in Section 3.2, and their applicability for analyzing land-use structure
in urbanized areas is evaluated in Section 3.3.

3.1. Description of the Analyzed Land Use Classification Systems and Data Sources

CORINE Land Cover (CLC) is one of the most common sources of data on land-use
structure [21,24,25,48]. The CORINE Land Cover project was established by the European
Union, and it is coordinated by the European Environment Agency. The CORINE Land
Cover (CLC) inventory was initiated in 1985, and it was updated in 2000, 2006, 2012,
and 2018 [45]. CORINE Land Cover (CLC) data provide valid and regularly updated
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information about land use/land cover in Europe, and it presents changes in the evaluated
parameters across time intervals. The CLC uses a minimum mapping unit of 25 hectares
for aerial phenomena and a minimum width of 100 m for linear phenomena. The CORINE
Land Cover data are universal and widely available, which facilitates the use of the adopted
land-use classification system. In most countries, CLC technology has been implemented
based on a visual interpretation of high-resolution satellite images. Some countries have
introduced semiautomatic solutions that rely on both satellite images and data collected in
situ [45]. The CLC program currently covers 39 countries. The CLC features one of the most
detailed land use classification systems in the world, where land-use data are presented
at three levels (Table 2). Level 1 includes the five main types of land use; Level 2 covers
15 land-use types; and the third and most detailed level features 44 land-use types [49].
The CLC is cross referenced with a spatial database that is available for use in the public
domain at no charge.

Table 2. Hierarchical classification of land-use types in the CORINE Land Cover (CLC) inventory.

Level 1 Level 2 Level 3

1. Artificial surfaces

1.1 Urban fabric
1.1.1 Continuous urban fabric

1.1.2 Discontinuous urban fabric

1.2 Industrial, commercial and
transport units

1.2.1 Industrial or commercial units

1.2.2 Road and rail networks and associated land

1.2.3 Port areas

1.2.4 Airports

1.3 Mine, dump and construction sites

1.3.1 Mineral extraction sites

1.3.2 Dump sites

1.3.3 Construction sites

1.4 Artificial, non-agricultural
vegetated areas

1.4.1 Green urban areas

1.4.2 Sport and leisure facilities

2. Agricultural areas

2.1 Arable land

2.1.1 Non-irrigated arable land

2.1.2 Permanently irrigated land

2.1.3 Rice fields

2.2 Permanent crops

2.2.1 Vineyards

2.2.2 Fruit trees and berry plantations

2.2.3 Olive groves

2.3 Pastures 2.3.1 Pastures

2.4 Heterogeneous agricultural areas

2.4.1 Annual crops associated with permanent crops

2.4.2 Complex cultivation patterns

2.4.3 Land principally occupied by agriculture, with
significant areas of natural vegetation

2.4.4 Agroforestry areas
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Table 2. Cont.

Level 1 Level 2 Level 3

3. Forest and semi natural areas

3.1 Forests

3.1.1 Broad-leaved forest

3.1.2 Coniferous forest

3.1.3 Mixed forest

3.2 Scrub and/or herbaceous
vegetation associations

3.2.1 Natural grasslands

3.2.2 Moors and heathland

3.2.3 Sclerophyllous vegetation

3.2.4 Transitional woodland-shrub

3.3 Open spaces with little or no
vegetation

3.3.1 Beaches, dunes, sands

3.3.2 Bare rocks

3.3.3 Sparsely vegetated areas

3.3.4 Burnt areas

3.3.5 Glaciers and perpetual snow

4. Wetlands

4.1 Inland wetlands
4.1.1 Inland marshes

4.1.2 Peat bogs

4.2 Maritime wetlands

4.2.1 Salt marshes

4.2.2 Salines

4.2.3 Intertidal flats

5. Water bodies

5.1 Inland waters
5.1.1 Water courses

5.1.2 Water bodies

5.2 Marine waters

5.2.1 Coastal lagoons

5.2.2 Estuaries

5.2.3 Sea and ocean

The Urban Atlas is also a major source of land-use/land-cover data which covers
functional urban areas (FUAs). The Urban Atlas contains detailed information about land
use/land cover for urbanized areas in Europe, and it covers the majority of European cities
with a population higher than 50,000. The Urban Atlas was developed in 2006, and its
coverage was expanded from 301 European cities in 2016 to 696 cities in 2018. This data
repository was last updated in 2018. Maps covering cities that have not yet been included
in the Urban Atlas are being developed, and the project will ultimately cover 788 FUAs.
The minimum mapping unit is 0.25 ha for urban classes and 1 ha for the remaining classes.
The land use/land cover classification features 17 urban classes (including five classes
with different development densities) and 10 rural classes with non-urban land cover
(Table 3) [46]. The classification system is cross referenced with a spatial database that is
available to all users at no charge.
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Table 3. Hierarchical classification of land-use types in the Urban Atlas (UA).

Level 1 Level 2 Level 3 Level 4

Artificial surfaces

Urban fabric

Urban Fabric Continuous urban fabric (S.L. > 80%)

Discontinuous urban fabric (S.L. 10–80%)

Discontinuous dense urban fabric (S.L. 50–80%)

Discontinuous medium-density urban fabric (S.L. 30–50%)

Discontinuous low-density urban fabric (S.L. 10–30%)

Discontinuous very low-density urban fabric (S.L. < 10%)

Isolated Structures -

Industrial, commercial, public, military,
private and transport units

Industrial, commercial, public, military and
private units -

Road and rail network and associated land

Fast transit roads and associated land

Other roads and associated land

Railways and associated land

Port areas -

Airports -

Mine, dump and construction sites
Mineral extraction sites and dump sites -

Construction sites -

Land without current use -

Artificial non-agricultural vegetated areas
Green urban areas -

Sport and leisure facilities -

Agricultural areas

Arable land (annual crops) - -

Permanent crops - -

Pastures - -

Complex and mixed cultivation patterns - -

Orchards - -

Natural and (semi-) natural areas
Forests - -

Herbaceous vegetation associations - -

Open spaces with little or no vegetation - -

Wetlands - - -

Water - - -
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In Poland, the cadaster is the official source of land-use data [50]. The Polish cadaster,
referred to as the Land and Building Register, is a system that aggregates, updates, and
generates information on land, buildings, and apartments. Data are presented at two levels
of detail, and the cadaster features six land use categories that are divided into 26 classes
(Table 4) [42]. In Poland, the information about the boundaries and numbers of cadastral
parcels can be acquired from publicly available geoportals, but data relating to contours
and land-use types are not customarily collected, and they are not widely available. In
practice, cadastral data often deviate from the actual data. Such inconsistencies can be
found among the actual boundaries of cadastral plots, boundaries and area of land plots,
land-use types, and changes in land use as compared with those indicated in the Land
and Building Register. The quality of cadastral data is improved by regularly updating
the information in the Land and Building Register. The construction of a modern cadastral
system in Poland is significantly impeded by the low accuracy of cadastral data and
incomplete spatial data pertaining to cadastral objects [51].

Table 4. Hierarchical classification of land-use types in the Polish cadaster (Land and Building
Register).

Level 1 Level 2

Arable land

Arable land

Orchards

Permanent meadows

Permanent pastures

Built-up agricultural land

Land under ponds

Land under ditches

Agricultural land with tree and shrub cover

Forests
Forests

Land with tree and shrub cover

Built-up and urbanized land

Residential districts

Industrial districts

Other built-up land

Urbanized vacant land or land under development

Recreational areas

Mineral extraction sites

Transport infrastructure (roads, railroads, other
transport infrastructure, land earmarked for the

construction of public roads and railroads)

Ecological sites -

Land under water

Land under internal waters

Land under bodies of flowing water

Land under bodies of standing water

Miscellaneous land -

The demand for detailed information about land-use types in Poland has prompted
the development of national databases containing information about spatial development.
The National Database of Topographic Objects (DBTO10k) is one such data source [41].
The accumulated data correspond to topographic maps, in 1:10,000 scale, which contain
information about topographic objects, including main buildings and structures. The
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DBTO10k relies on state-run registers such as the Land and Building Register, Geodetic
Register of Utility Infrastructure Networks, National Register of Boundaries and Areas of
Territorial Units, National Register of Geographic Names, orthophoto maps, numerical
terrain model, as well as registers kept by other authorities and institutions. The DBTO10k
was developed in 2012–2013, and it continues to be expanded and updated. The database
contains the following nine main categories of data: water supply networks, transport
networks, utility infrastructure, land cover, buildings, structures, devices, co-existing land-
use types, protected areas, administrative units, and other objects Data are available at
three levels of detail. The first level is comprised of nine categories, the second level
consists of 57 classes, and the third level includes 286 types of data. Land cover, namely the
continuous classification of land-use types that play an important role in land-use studies,
is one of the nine main categories of data. The land cover category features 12 land-cover
types at Level 2, and 35 land-cover types at Level 3 (Table 5). Different categories of land
cover are represented by homogeneous fragments of land with identical physical attributes.
Land cover includes the main surface features that are identified based on their external
appearance [41]. The DBTO10k is cross referenced with a spatial database which has been
available for public use since 2020 [52].

The multilevel land use and land cover classification system proposed by Anderson
et al. [15] was developed to compensate for the absence of a standardized classification
system. The classification system with definitions of various land-use types is presented in
Table 6. The system contains nine land-cover types at Level 1 and 37 land-cover types at
Level 2. The authors assumed that Levels 3 and 4 data would be generated by groups of
local users to ensure that the selected categories accurately met the classification needs of a
given area or region as well as the needs of research study.

Less detailed informal land use classification systems have also been described in
the literature. These systems have been developed to meet specific research needs, and
the identified land-use types are universal and can be applied in various regions around
the world. The main weakness of these classification systems is that they have not been
cross referenced with spatial databases and are not provided in raster or vector version;
therefore, the presented spatial data have to be recovered independently or modified based
on the existing datasets. For example, the classification system proposed by Pei et al. [18]
contains five land use categories that are based on aggregated mobile phone data, i.e.,
residential, business, commercial, open space, and other. Mobile phone positioning data
and remote sensing imagery were used by Jia et al. [27] to analyze land-use structure. The
cited authors focused on urbanized areas, and they identified six categories of urban land
use, i.e., residential, business, entertainment, scenic, open space, and other.

Huang et al. [44] developed a land use classification system that is based on the Land
Administration Law of the People’s Republic of China (GBT 21010-2017). They analyzed
12 land use categories (cultivated land, garden land, water and water conservancy facilities,
woodland, grassland, residential land, commercial land, transportation land, industrial
land, public management and public service land, special land, and other land) and
selected the nine most important categories which were then modified for the needs of
the conducted research. The selected land use categories were residential, commercial,
educational, civic, transport, industrial, natural, agricultural, and other. Each land-use type
was characterized.

Land use classification systems that are cross referenced with spatial databases (the
first four systems presented in this subsection) are compared in the following subsection.
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Table 5. Hierarchical classification of land-use types in the National Database of Topographic Objects (DBTO10k).

Level 1 Level 2 Level 3

Hydrographic network 3 Classes 5 Types

Transport network 6 Classes 27 Types

Public utility network 2 Classes 11 types

Land cover

Water bodies

Seas

Bodies of standing water

Bodies of flowing water

Buildings

Apartment buildings

Single-family homes

Industrial and storage buildings

Retail and service outlets

Other buildings

Forests and land covered by trees
Forests

Groves

Coppices

Shrubs
Dwarf pine forests

Shrubs

Permanent cropland

Allotment gardens

Plantations

Orchards

Forest nurseries

Ornamental plant nurseries

Grasslands and agricultural land
Grasslands

Arable land

Land under roads, railroads and runways

Land under roads

Land under railroads

Land under roads and railroads

Land under aircraft runways

Fallow land

Scree and stony accumulations

Land with rock substrate

Land with sand and gravel substrate

Other fallow land

Yards Yards

Landfills
Municipal landfills

Industrial landfills

Excavation sites and spoil tips
Excavation sites

Spoil tips

Other undeveloped land

Land under public utilities and
other structures

Industrial and storage yards

Protected areas 4 Classes 4 Types

Territorial administration units 2 Classes 23 Types

Buildings, structures and equipment 12 Classes 87 Types

Large areas with the same land-use type 11 Classes 55 Types

Other sites 5 cCasses 39 types

Note: In the table, only categories that are directly related to land cover were presented due to the high level of detail in Level 3 data
(286 types of data); only Level 1 data and the number of classes/types in Levels 2 and 3 were presented in the remaining cases, as they were
not related to the land cover category. The entire classification including all classes and types is available in [41].
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Table 6. The multilevel land use and land cover classification system proposed by Anderson et al. [15].

Level 1 Level 2 Level 3 Level 4

Urban or built-up land

Residential

It was assumed that Level 3 and 4 data would be
generated by groups of local users to ensure that

the selected categories accurately meet the
classification needs of a given area or region as

well as the needs of research study.

Commercial and services

Industrial

Transportation, communications and utilities

Industrial and commercial complexes

Mixed urban or built-up land

Other urban or built-up land

Agricultural land

Cropland and pastures

Orchards, groves, vineyards, Nurseries,
and ornamental horticultural areas

Confined feeding operations

Other agricultural land

Rangeland

Herbaceous Rangeland

Shrub and brush rangeland

Mixed rangeland

Forest land

Deciduous forest land

Evergreen forest land

Mixed forest land

Water

Streams and canals

Lakes

Reservoirs

Bays and estuaries

Wetland
Forested wetland

Non-forested wetland

Barren land

Dry salt flats

Beaches

Sandy areas other than beaches

Bare exposed rock

Strip mines, quarries, and gravel pits

Transitional areas

Mixed barren land

Tundra

Shrub and brush tundra

Herbaceous tundra

Bare ground tundra

Wet tundra

Mixed tundra

Perennial snow or ice
Perennial snowfields

Glaciers
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3.2. Comparative Analysis of Land Use Classification Systems

The selected land use classification systems were compared in the next stage of the
study. Only systems that are cross referenced with spatial databases were taken into
consideration. The evaluated systems contain universal land-use types that can be applied
globally, and they account for urbanized areas and areas subjected to anthropogenic
pressure and are subdivided into specific categories of land use. The analyzed land use
classification systems are presented in Table 7. The last and the most detailed level of
data were taken into consideration in the analysis. There were two categories of land use
identified for in-depth analysis, i.e., built-up and urbanized land, and undeveloped land
(open space). Land-use types were assigned to one of the above categories based on the
characteristic attributes of each land-use type in the compared classification systems.

The examined classification systems differ considerably in the number of the identified
land-use types. The Database of Topographic Objects (DBTO10k) features the most detailed
classification system which covers 286 land-use types, including 35 types that are directly
related to land cover. The CORINE Land Cover inventory features 44 land-use types, the
Urban Atlas is composed of 27 land-use/land-cover types, whereas the Polish cadaster
covers 26 land-use types.

The compared systems differ considerably in the classification of land into built-up
and urbanized land, and undeveloped land (open space). The CLC, DBTO10k and the
Polish cadaster contain a much higher number of land-use types in the undeveloped
land category (open space) than in the built-up and urbanized land category (33 and 11
in the CLC, 19 and 16 in DBTO10k, 13 and 11 in the Polish cadaster, respectively). The
Urban Atlas is the only exception which contains 17 land-use types in the built-up and
urbanized land category and 10 land-use types in the undeveloped land category (open
space). The classification systems that are developed for specific research needs (described
in the previous section) are characterized by a much lower number of land-use/land-cover
types in both the built-up and urbanized land category and the undeveloped land category
(open space).

Due to the rapid progress of urbanization, special attention has been paid to land-use
types in built-up and urbanized areas. As previously mentioned, urbanization has led
to dynamic changes in land use and takes up significant tracts of previously unmanaged
land with natural cover. Therefore, it can be assumed that classification systems with a
higher number of land-use types would be more effective for analyzing land management
and land use/land cover. All of the examined classification systems are characterized
by a high number of land-use types in the built-up and urbanized land category. This
parameter is highest in the Urban Atlas [17] and the Database of Topographic Objects [16].
The Polish cadaster and CLC each feature 11 land-use types in the above category. An
analysis of different land-use types in built-up and urbanized areas revealed a common
feature in all systems. Every classification system identifies land-use types with residential,
industrial, and transport (roads, railways, ports, and airports) functions. The evaluated
systems differ in the level of detail and the number of land-use/land-cover types. For
example, land under transport networks was classified in five categories in the Urban
Atlas and in four categories in the CLC, DBTO10k and the Polish cadaster. Considerable
differences were also observed in the classification of land with a residential function. The
Urban Atlas, a classification system that focuses on FUAs, contains five residential land-use
types that differ in the density of the urban fabric, i.e., continuous urban fabric (S.L. >
80%), discontinuous dense urban fabric (S.L. 50–80%), discontinuous medium-density
urban fabric (S.L. 30–50%), discontinuous low-density urban fabric (S.L. 10–30%), and
discontinuous very low-density urban fabric (S.L. < 10%). Two residential land-use types
are identified in the CLC (continuous urban fabric and discontinuous urban fabric) and
DBTO10k (apartment buildings and single-family homes), whereas only one residential
land-use type is listed in the Polish cadaster. The evaluated classification systems differ
with regard to other types of built-up and urbanized land. Not all systems identify green
urban areas which play important environmental and recreational roles in urbanized areas
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and contribute to sustainable land management. Green urban areas are listed in the CLC
and the Urban Atlas, and they are classified as recreational areas in the Polish cadaster.
Differences were also noted in the classification of sport and leisure facilities. This land-use
type is listed in the CLC and the Urban Atlas, but it is classified as recreational areas
together with green urban areas in the Polish cadaster. The DBTO10k does not make a
direct reference to green urban areas or sport and leisure facilities. At the same time, the
DBTO10k is the only classification system that accounts for retail and service outlets. In the
CLC and the Urban Atlas, these objects are listed together with industrial buildings in the
CLC and the Urban Atlas, and they are classified in the category of other built-up land in
the Polish cadaster. The analyzed classification systems also identify mineral extraction
sites (CLC, UA, DBTO10k, and Polish cadaster), construction sites (CLC, UA, and Polish
cadaster), dump sites (CLC, UA, and DBTO10k), and other urban land-use types.

The compared classification systems also differ considerably in land-use types in the
undeveloped land category (open) space, including in terms of the level of detail and
the applied nomenclature. In this category, the CLC contains the most detailed data (33
land-use types), whereas the Urban Atlas is characterized by the lowest level of detail (11
land-use types).

The comparative analysis revealed both differences and similarities among the evalu-
ated classification systems. The characteristic attributes of the identified land-use types
play the most important roles regardless of the adopted classification system. The majority
of the evaluated systems contain universal land-use types that can be applied globally.
The systems are cross referenced with spatial databases (web map services), which is a
considerable advantage because research analyses can be automated in GPS software.
They contain relatively valid data, excluding the Database of Topographic Objects where
upgrades are implemented gradually (a part of the data repository was updated in 2020,
and the remaining parts are based on data valid for 2013–2019).
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Table 7. Comparative analysis of land-use classification systems.

CORINE Land Cover
(CLC)

Urban Atlas
(UA)

National Database of
Topographic Objects

(DBTO10k)
Polish Cadaster (Land and

Building Register)

Validity of available data 2018 2018 Depending on region
(2013–2020) Depending on region

Coverage Europe Functional urban areas in Europe Poland Poland

Cross referenced with spatial
databases YES YES YES YES

Level of detail 3 Levels 4 Levels 3 Levels 2 Levels

Total number of land-use types
Level 1, 5 land-use types
Level 2, 15 land-use types
Level 3, 44 land-use types

Level 1, 5 land-use types
Level 2, 14 land-use types
Level 3, 22 land-use types
Level 4, 27 land-use types

Level 1, 9 land-use types
(including one land-cover type)
Level 2, 57 land-use types
(including 12 land-cover types)
Level 3, 286 land-use types
(including 35 land-cover types)

Level 1, 6 land-use types
Level 2, 26 land-use types

Types of built-up and
urbanized land

Continuous urban fabric
Discontinuous urban fabric
Industrial and commercial units
Road and rail networks and
associated land
Port areas
Airports
Mineral extraction sites
Dump sites
Construction sites
Green urban areas
Sport and leisure facilities

Continuous urban fabric (S.L. > 80%)
Discontinuous dense urban fabric (S.L.
50–80%)
Discontinuous medium-density urban
fabric (S.L. 30–50%)
Discontinuous low-density urban fabric
(S.L. 10–30%)
Discontinuous very low-density urban
fabric (S.L. < 10%)
Isolated structures
Industrial, commercial, public, military
and private units
Fast transit roads and associated land
Other roads and associated land
Railways and associated land
Port areas
Airports
Mineral extraction sites and dump sites
Construction sites
Land without current use
Green urban areas
Sports and leisure facilities

Apartment buildings
Single-family homes
Industrial and storage buildings
Retail and service outlets
Other buildings
Land under roads
Land under railroads
Land under roads and railroads
Land under aircraft runways
Yards
Municipal landfills
Industrial landfills
Land under utility infrastructure
and other structures
Industrial and storage yards
Excavation sites
Spoil tips

Built-up agricultural land
Residential areas
Industrial areas
Other built-up areas
Urbanized vacant land or land
under development
Recreational areas
Mineral extraction sites
Roads
Railroads
Other transport infrastructures, land
earmarked for the construction of
public roads and railroads
Miscellaneous land
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Table 7. Cont.

CORINE Land Cover
(CLC)

Urban Atlas
(UA)

National Database of
Topographic Objects

(DBTO10k)
Polish Cadaster (Land and

Building Register)

Types of vacant (undeveloped)
land

Non-irrigated arable land
Permanently irrigated land
Rice fields
Vineyards
Fruit trees and berry plantations
Olive groves
Pastures
Annual crops associated with
permanent crops
Complex cultivation patterns
Land principally occupied by
agriculture, with significant areas of
natural vegetation
Agroforestry areas
Broad-leaved forest
Coniferous forest
Mixed forest
Natural grasslands
Moors and heathland
Sclerophyllous vegetation
Transitional woodland-shrub
Beaches, dunes, sands
Bare rocks
Sparsely vegetated areas
Burnt areas
Glaciers and perpetual snow
Inland marshes
Peat bogs
Salt marshes
Salines
Intertidal flats
Water courses
Water bodies
Coastal lagoons
Estuaries
Sea and ocean

Arable land (annual crops)
Permanent crops
Pastures
Complex and mixed cultivation
patterns
Orchards
Forests
Herbaceous vegetation associations
Open spaces with little or no vegetation
Wetlands
Water

Seas
Bodies of standing water
Bodies of flowing water
Forests
Groves
Coppices
Dwarf pine forests
Shrubs
Allotment gardens
Plantations
Orchards
Forest nurseries
Ornamental plant nurseries
Grasslands
Arable land
Scree and stony accumulations
Rocky ground
Land with rock substrate
Land with sand and gravel
substrate
Other fallow land

Arable land
Orchards
Permanent meadows
Permanent pastures
Land under ponds
Land under ditches
Agricultural land with tree and
shrub cover
Forests
Land with tree and shrub cover
Land under internal waters
Land under bodies of flowing water
Land under bodies of standing
water
Ecological sites
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3.3. The Applicability of Public Spatial Databases for Land-Use/Land-Cover Analysis

Land use classification systems that are directly linked with spatial databases appear
to be best suited for analyses of land use/land cover. Therefore, the applicability of
classification systems for land-use analysis was assessed in systems that are cross referenced
with the following spatial datasets: CORINE Land Cover, Urban Atlas and the Database of
Topographic Objects. The quality, validity, and availability of data; the number of identified
land-use types in the studied area; and the degree of data generalization were evaluated
in each system. The differences and similarities among the compared databases were
determined for the example of Olsztyn city and the surrounding suburban zones (Figure 3).
Additionally, two areas were indicated where differences among the analyzed data sources
were visible (the Olsztyn ring road and a fragment of the suburban area). The city of
Olsztyn was selected for the study because the most rapid changes in land-use structure
take place in urbanized areas and areas subjected to anthropogenic pressure. These areas
are also characterized by considerable diversity of land-use/land-cover types and a high
number of land-use types, which make them ideally suited for the needs of this study.
Land-use/land-cover maps were compared with an orthophoto map of the test area.

Significant differences in land-use structure were observed among the examined
databases. The DBTO10k (Figure 3C) contains the most detailed information. This database
lists the highest number of land-use types, and the presented spatial data are most detailed
and accurate. These data are suitable for conducting detailed analyses of land-use structure.
The Urban Atlas (Figure 3B) also features highly accurate data, but its level of detail is
lower than that of DBTO10k. The CORINE Land Cover (Figure 3A) is characterized by
the lowest level of detail and a very high degree of generalization. The most striking
differences in land-use structure were observed in areas with a residential function. When
the CLC data were considered in the analysis, a very large fragment of the analyzed city was
covered by continuous and discontinuous urban fabric. In turn, the Urban Atlas identifies
five urban land-use types that differ in development density, whereas the DBTO10k lists
two categories (apartment buildings and single-family homes) and is characterized by
the highest level of detail as compared with the remaining databases. An evaluation of
suburban zones also revealed certain differences among the compared databases. The CLC
contains highly generalized data that cannot be used in analyses of suburbanization and
urban sprawl. The Urban Atlas and the DBTO10k feature more detailed data and are more
suited for such evaluations.

Considerable differences in data validity were noted between the DBTO10k and
the remaining databases. The orthophoto map (Figure 3D) presenting the Olsztyn ring
road (built in 2018–2019) indicates that the DBTO10k inventory contains least up-to-date
information. The Olsztyn ring road is completely absent in the maps developed based
on DBTO10k data (last update in 2015), and it is displayed as a construction site in the
remaining maps. Therefore, despite the fact that the DBTO10k is characterized by the most
detailed data, the presented information is most outdated and does not account for the
recently developed ring road. Taking into account the suburban areas indicated on the
orthophoto map (Figure 3D), the DBTO10k contains the least up-to-date information, the
CORINE Land Cover is the most generalized (only one land-use type, i.e., discontinuous
urban fabric). The Urban Atlas identifies fourteen land-use types (ten urban land-use
types) and is characterized by the highest level of detail as compared with the remaining
databases.

It should be noted that a high number of land-use/land-cover types in a classification
system does not imply that the rendered large-scale maps will contain highly detailed
information. Eighteen of the 44 land-use types listed in the CLC were identified in the
studied area. A much smaller difference was noted in the maps rendered based on Urban
Atlas and DBTO10k data. Twenty-nine of the 35 land-use types covered by the DBTO10k
were visualized, and 21 of the 27 land-use types listed in the Urban Atlas were identified in
the test area.
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Figure 3. Land-use/land-cover maps generated based on the following: (A) CORINE Land Cover; (B) Urban Atlas;
(C) Database of Topographic Objects (DBTO10k); (D) orthophoto map data. Note that the legend describes only land-
use/land-cover types that have been identified in the studied area.

All analyzed databases are available through WMS services. Importantly, the CLC
and the Urban Atlas data are available for users in raster and vector version, whereas
DBTO10k resources are available in vector version (GML file format). In the latter case
(vector version), the map can be modified, i.e., the colors denoting various land-use types
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can be modified; layers can be added, removed or separated; and data from different levels
(first, second, and third) can be extracted.

4. Discussion

The present study was aimed at generating information about the existing land use
classifications and spatial databases and discussing their strengths, weaknesses, and limita-
tions. Despite a high number of land-use types, the availability of public databases and WMS
services, and the option of directly importing data in GIS software, the information acquired
from the existing databases has certain limitations. These weaknesses should be identified to
ensure that the optimal source of data is selected for land-use/land-cover analyses.

The first limitation is the low level of detail. The CORINE Land Cover data are far less
detailed than the information available in the DBTO10k, the Polish cadaster, and the Urban
Atlas. The CLC contains highly generalized data that may not be suitable for research
purposes or for analyzing various areas at a scale of 1:1000 or higher, including city districts,
cities, and suburban zones where highly detailed information is needed. The CLC is not
appropriate for examining small and fragmented areas because the relevant data are highly
generalized [53,54]. However, CLC data are widely available and easy to acquire, and they
can be applied in small-scale analyses where a high level of detail is not required. The
DBTO10k is characterized by the most detailed data which, however, are limited to the
territory of Poland.

The second limitation is the low availability of data. Maps based on CLC data are
developed individually in each country, but the applicability of the CLC inventory for
analyzing land-use structure in various countries is debatable [21]. The Urban Atlas covers
only FUAs in most European countries; therefore, its applicability is limited. The DBTO10k
was only placed in the public domain in 2020 [52], but the validity of data covering Polish
regions varies, which prevents effective comparisons. The Polish cadaster contains the
most valid data. The main limitation of cadastral data is that they can be applied only in
countries where the cadaster is common and fully available. Cadastral databases are being
developed in numerous countries, but they are not fully available in other states [55].

The third limitation is the validity of data. The examined databases are updated at
different time intervals, and they cannot be adapted to current research needs. For example,
the DBTO10k contains data that were collected and updated between 2013 and 2020, and
their validity differs across Polish regions. In turn, the CLC and the Urban Atlas were last
updated in 2018. Therefore, when selecting a data source for land management analyses,
researchers should keep in mind that the chosen repository may not be fully up to date
and that the current land-use status of the examined area may differ from that presented in
the available databases.

Fourthly, not all databases fully cover the examined area. The above applies particu-
larly to the Urban Atlas which focuses on FUAs. Data display and data entry errors can
also be encountered in some systems.

Lastly, the compared classification systems differ considerably in the number of land-
use types. However, the number of land-use types is not directly correlated with the
accuracy and level of detail in the generated maps. It should also be noted the land-use
types identified in various classification systems may not be fully compatible even if those
systems deploy identical or similar nomenclature [15].

Discrepancies and errors resulting from differences in input data and map generation
methods can also be encountered in land use classification systems, which is an additional
disadvantage [25,56]. The above problem applies to satellite data, and also to cadasters
and national databases such as the Database of Topographic Objects. Systems that rely
on remotely sensed data provide information about land use/land cover and support the
generation of less detailed maps on a smaller scale.

Informal classification systems that are developed for specific research needs or are
based on the existing formal systems are used in thematic analyses. As a result, these
systems can be tainted by subjectivity. In land use classification systems that are not cross
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referenced with spatial databases, maps have to be generated from scratch based on spatial
inventories, mobile phone data, and other sources. These procedures are highly time
consuming. The information available in public databases can also be modified for the
needs of informal classification systems.

Due to the multiplicity of land use/land cover classification systems and sources of
data, the resulting information can be difficult to interpret because the land-use structure of
a given region can differ depending on the adopted classification system or data source [20].
Areas situated in different countries or regions can also be difficult to compare. Despite
certain similarities in land-use/land -over types, the functional classification of land-use
types can differ across systems that rely on various sources of spatial data. Data repositories
also differ in the level of detail, data validity, and accessibility. Therefore, the diversity of
classification systems, perspectives, classification methods and data collection methods,
limited territorial cover, and differences in data validity pose a significant problem [15]. The
selection and the use of databases depends on the type of conducted research, their aims and
scope, research area, as well as assumptions regarding the validity, availability, applicability,
and accuracy of data. Each of the land-use/land-cover sources can be used independently.
Regardless of the selected database and the availability of spatial features, the strengths and
weaknesses as well as the accuracy, precision, level of detail (generalization) and reliability
of every data source, should always be taken into consideration.

5. Conclusions

Land-use/land-cover data were examined in selected land use classification systems,
and the influence of classification systems linked spatial databases on the quality and
feasibility of land management analyses was evaluated. The existing databases and their
strengths, weaknesses, and limitations were described. Land use/land cover classification
systems that are directly linked with spatial databases were identified for the purpose of
automating the analytical process, for example, with the use of GIS software. The results of
the study validated the research hypothesis postulating that the existing classification sys-
tems and spatial databases differ considerably in the level of detail, validity, and availability
of data, as well as the number of categories of land use/land cover. It can be concluded
that different classification systems contain information with varying levels of detail. Most
classification systems have been placed in the public domain, and data repositories that are
best suited for the generation of maps with the required spatial resolution can be selected
online at no additional charge. The study confirmed that classification systems that are
cross referenced with spatial databases contain a greater number of land-use types than
informal classifications that are developed for specific research needs, including thematic
scientific analyses. The study also revealed that a high number of land-use types does not
always imply that the offered data are highly detailed. Therefore, classification systems
and land-use types should always be selected based on the level of detail that is appropri-
ate for specific analytical purposes. The limitations of the existing databases, including
incomplete coverage of the studied area, invalid data, limited availability, level of detail
(generalization), differences in nomenclature, and the number of identified land-use types,
should also be taken into account. Regardless of the selected database and the availability
of spatial features, the strengths and weaknesses, as well as the accuracy, precision, and
reliability of every data source should always be taken into consideration.

The current status and ongoing changes in land management should be regularly
monitored in urbanized areas and areas subjected to anthropogenic pressure to counteract
the negative effects of urbanization. Typical analyses of land-use structure are generally
conducted with the use of spatial data that are widely available in raster or vector version.
The existing sources of satellite data, including the CLC database, are characterized by a
lower level of detail and a high degree of generalization, and they may not be suitable for
land-use analyses of large-scale areas (such as small- and medium-sized towns, districts,
and suburbs).
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