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Abstract: Urban green spaces are frequently presented as being important for urban quality of life
and urban development in general, but more detailed interpretations and discussions are typically
confined to large urban centers, the so-called first- and second-tier cities. Not enough attention has
been paid to smaller urban units, the third-tier towns. The main goal of this article is to investigate
the share and types of urban green spaces in five selected towns in Poland. We compare different
sources of data based on satellite imagery and land-use maps with those used in public statistics,
to check whether town authorities are managing all potential green spaces or only a selected part of
them. We find that the predominantly used data, based on what is classified as “urban green space”
for the purposes of public statistics, obscure the complexity of urban green spaces and focus on the
narrowly understood formally managed public green spaces (which occupy 3.5–5.7% of town areas).
Meanwhile, based on other sources, such as the national land-use map (BDOT10k), Urban Atlas,
and satellite imagery (Landsat 8), what is considered to be green space turns out to cover 50–80%
of the town area. The latter large numbers are associated with the predominance of arable land,
grasslands, and forests, overlooked in any green space management practices based on data and
definitions adopted for the purposes of public statistics. The situation found in our five case study
towns resembles that identified in larger cities in Poland, and it exhibits the inadequacy of public
statistics definitions and the related management practices, hindering the management of urban
green spaces as an interconnected system of urban green infrastructures.

Keywords: green space availability; green space data; green space classification; green infrastructure;
remote sensing in public administration; urban planning

1. Introduction

Urban green spaces provide numerous benefits to urban inhabitants [1,2], and they have been
recognized as having an important contribution to health and quality of life in urban areas [3,4].
For these reasons, urban green spaces are increasingly considered an essential aspect of urban planning
and management [5,6].

Although most discussions on urban green spaces and the ecosystem services they provide refer
to “cities and towns” [7–10], cities attract disproportionately more attention [11,12] (for exceptions, see,
References [13,14]). Examples of green space governance solutions, planning practices, and ecosystem
assessments typically refer to the most prominent cities, with few oft-cited examples, such as Beijing,
Cape Town, New York, Singapore, or Stockholm [1]. Clearly, limited attention paid to green spaces in
towns and smaller cities (hereafter collectively referred to as towns)—especially when compared to
the broad debate focusing on larger cities—represents a research gap that needs to be filled. This gap
is particularly important given that towns host a large share of the urban population worldwide,
and even in some of the most urbanized countries in Europe, such as Belgium or Germany, more people
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live in towns and suburbs than in cities [15]. Meanwhile, the size of an urban area and its character is
likely to influence the effects of urban nature on the health and quality of life of urban inhabitants [11].

Why then are towns so underrepresented in the broader debates on urban green spaces? One reason
might be related to a tacit assumption that whatever refers to urban green spaces refers equally to all
kinds of urban settlements, including both cities and towns. Another tacit assumption might be that
towns are less urbanized and, in particular, less densely built-up, which means that they are likely to
have more green space than cities. This, in turn, might mean that they do not require as much attention
in this regard as cities. However, both of these assumptions need not necessarily be true.

Cities and towns may be different, not only in regard to their size and density, but also to
their green space management capacity [16,17]. Town administrations are less complex compared
to city administrations. They have fewer employees, and these employees typically have more
diverse responsibilities. Especially in smaller towns, a person dealing with urban green spaces
may, at the same time, be responsible for spatial planning and/or any other environmental issues.
This is also related to scarcer funding. Meanwhile, towns are highly diverse, differing in terms of
compactness, distances to (and influences of) larger cities, and location vis-à-vis high-quality natural
areas, among other things. All of these differences translate into differences in the role of green
spaces and the respective management approaches. Clearly, such problems at the level of the town
deserve attention.

In the present article, we address the above issues by investigating green spaces in five towns in
Central Poland. The main goals of this article are to investigate the share and types of urban green
spaces in the selected towns and to discuss the similarities and differences between towns and cities in
this context. Given that urban green space management in towns may be more challenging than in
cities (for the abovementioned reasons), we use data sources that are available free of charge and that
can potentially be used by local authorities. We compare the different sources of data based on satellite
imagery with those used in public statistics, to check whether town administrations are managing all
potential green spaces or only a selected part of them. Eventually, by comparing the situation in towns
to the situation in larger cities, we check if, indeed, it makes sense to put cities and towns in one box
when discussing urban green spaces.

The article is structured as follows: In Section 2, we describe how we selected our case study towns,
where we sought the data, and which categories and indicators for urban green space availability we
used. It is here that we indicate and justify that we follow a broad interpretation of urban green spaces
as all vegetated areas within urban boundaries. Section 3 features the results of the study, and in
Section 4, we discuss these results in the broader context of urban green space availability in smaller
towns in Poland and beyond. Conclusions in Section 5 close this article.

2. Materials and Methods

2.1. Case Study Towns

In Poland, 32% of people live in towns with fewer than 100,000 inhabitants, which represents a little
more than half of the country’s urban population [18]. As in other countries, most research on urban
green spaces in Poland has focused on a small group of large cities, such as Warsaw, Krakow, Lodz,
and Poznan [19–23]. A comparative study on the share of urban green spaces in all seventeen regional
capitals, each larger than 100,000 inhabitants [24], provides a useful reference for comparison with
smaller urban areas. Indeed, urban green spaces in towns have not been subject to systematic analysis
yet, and have only been subject to ad hoc research focused on specific topics [25]. Additional research
referred to suburban areas surrounding larger cities, but again with a focus on individual, specific issues
related to urban green spaces [26,27], and it did not provide a systematic overview.

To address this gap in the literature, we selected a group of towns in central Poland, to systematically
analyze their green spaces. The study area features the so-called Central Macroregion, which has been
established for the purposes of Polish statistics since 1st January 2018 and comprises the Lodzkie and
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Swietokrzyskie regions (voivodeships). This area includes 32 towns that are the seats of administration
units at the county (powiat) level and are not classed as second-tier cities, as they lack the status of
regional capital (Figure 1).

Land 2020, 9, x FOR PEER REVIEW  3 of 19 

of administration units at the county (powiat) level and are not classed as second‐tier cities, as they 

lack the status of regional capital (Figure 1). 

 

Figure 1. Locations of third‐tier towns in Poland’s Central Macroregion. 

Where the Lodzkie region is concerned, the distribution of third‐tier towns is even. In contrast, 

in Swietokrzyskie, there is more of a ring of this type of urban area, with most locations closer to the 

border  of  the  region. Descriptive  statistics  allowed  for  an  assessment  of  the  entire  preliminary 

research group, as well as for the analysis of the centers in the different regions. The mean size of the 

urban  localities  in question  is 30,628  inhabitants, while  the median  is 21,924. The  largest center  is 

Piotrkow Trybunalski, which was inhabited by more than 73,600 people as of 2018. Piotrkow is in the 

Lodzkie region. The smallest third‐tier center, and in fact a very small town, is Kazimierza Wielka, in 

the Swietokrzyskie region, with a population of just over 5500 (for a comparison of basic data on the 

towns of both regions, see Table 1) [28]. 

Table 1. Population numbers in all 32 third‐tier towns in the Lodzkie and Swietokrzyskie regions (as 

of 2018). 

Town  Lodzkie Region  Swietokrzyskie Region  Both Regions 

Average  34,745  23,768  30,629 

Median  35,298  15,551  21,924 

Min value  6,781  5,579  5,579 

Max value  73,670  69,051  73,670 

We narrowed down the initial list of 32 towns to five that are included in the Urban Atlas (UA) 

dataset, which considers land use from the point of the so‐called Functional Urban Areas (FUA). The 

selected  towns  are  Ostrowiec  Swietokrzyski  (Swietokrzyskie  region),  Pabianice,  Piotrkow 

Trybunalski, Tomaszow Mazowiecki, and Zgierz (Lodzkie region) (Table 2). In the selected towns, 

the mean population  size  is 65,436, while  the median value  is 65,283. The  sample  lacks outlying 

values, which  is  confirmed  by  a  coefficient  of variation  equal  to  9.9%.  For  these  five  towns, we 

analyzed the urban green spaces, as described in the following subsections. 

Figure 1. Locations of third-tier towns in Poland’s Central Macroregion.

Where the Lodzkie region is concerned, the distribution of third-tier towns is even. In contrast,
in Swietokrzyskie, there is more of a ring of this type of urban area, with most locations closer to
the border of the region. Descriptive statistics allowed for an assessment of the entire preliminary
research group, as well as for the analysis of the centers in the different regions. The mean size of
the urban localities in question is 30,628 inhabitants, while the median is 21,924. The largest center is
Piotrkow Trybunalski, which was inhabited by more than 73,600 people as of 2018. Piotrkow is in the
Lodzkie region. The smallest third-tier center, and in fact a very small town, is Kazimierza Wielka,
in the Swietokrzyskie region, with a population of just over 5500 (for a comparison of basic data on the
towns of both regions, see Table 1) [28].

Table 1. Population numbers in all 32 third-tier towns in the Lodzkie and Swietokrzyskie regions
(as of 2018).

Town Lodzkie Region Swietokrzyskie Region Both Regions

Average 34,745 23,768 30,629
Median 35,298 15,551 21,924

Min value 6781 5579 5579
Max value 73,670 69,051 73,670

We narrowed down the initial list of 32 towns to five that are included in the Urban
Atlas (UA) dataset, which considers land use from the point of the so-called Functional Urban
Areas (FUA). The selected towns are Ostrowiec Swietokrzyski (Swietokrzyskie region), Pabianice,
Piotrkow Trybunalski, Tomaszow Mazowiecki, and Zgierz (Lodzkie region) (Table 2). In the selected
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towns, the mean population size is 65,436, while the median value is 65,283. The sample lacks outlying
values, which is confirmed by a coefficient of variation equal to 9.9%. For these five towns, we analyzed
the urban green spaces, as described in the following subsections.

Table 2. Area and population of the studied towns (as of 2018).

Town Area (km2) Population

Ostrowiec Swietokrzyski 46 69,051
Pabianice 33 65,283

Piotrkow Trybunalski 67 73,670
Tomaszow Mazowiecki 42 62,649

Zgierz 42 56,529

2.2. Spatial and Statistical Data

For the purposes of our analysis, we used both statistical and vector data (Table 3). The statistical
data used here are those for the “urban green space” category, collected by Statistics Poland
(GUS), which includes parks, lawns, and the green areas surrounding housing estates, cemeteries,
and municipal forests. These data are collected as part of all Polish local governments’ annual reporting.
The analysis done for the needs of this article uses data from 2018, the most recent available thus
far. Given that these data exclude many types of green spaces [24,29], we compared them with
other sources.

Table 3. Datasets used to elicit spatial data on urban green space.

Data Key Characteristics Scale/Resolution

Statistical data Data prepared by Statistics Poland (GUS)
used in local governments’ reporting. Hectare unit

Urban Atlas (UA) Vector data. Elaborated in 2012. Data available at a scale of 1:10,000, with a
minimum mapping unit of 0.25 ha.

Land-use data (BDOT10k) Vector data for Poland, updated in real-time. Data available at a scale of 1:10,000
Satellite imagery— Landsat 8 Supplied every 16 days. Data available at 30-meter resolution.

The Urban Atlas (UA) compilation takes in 785 FUAs as they were in 2012. Unfortunately, the results
for 2018 were not yet available while this article was being drawn up. We need to be aware that data
from 2012 will differ somewhat from the situation in third-tier towns in 2018. UA data are accessible
via the Copernicus Land Monitoring Service (CLMS) spatial database.

Data also come from the Topographic Objects Database 10k (BDOT10k), a set of vector data that
corresponds with a 1:10,000 scale. This database has data on land use that allow for the generation of
various compilations. The database is updated in real-time, allowing for an assessment of the real
situation when the data are downloaded. The BDOT10k database covers the whole area of Poland,
and it is legally binding for land surveyors.

The data from satellite imagery—Landsat 8 (US Geological Survey)—come from August 2018.
Multispectral imagery was processed by QGIS 3.10 with the Semi-Automatic Classification Plugin
(SCP) in version 6. Operations using the Plugin are based on the preprocessing of imagery, cutting at
the limits of the studied towns, and generating an ROI (region of interest) for each. Training areas
were generated to teach the program how best to recognize particular pixels from aerial images. A key
benefit of QGIS programming with SCP is its ease of use, which, combined with the knowledge of
local-government personnel, allows very good results to be obtained via a supervised classification
process. The last stage to obtain satellite data used in the analysis involved classification and generating
raster and vector files, which allowed indices to be calculated. Classification took place via the
minimum-distance method and was dictated by earlier findings on the reliability of results in Poland,
as well as the subject literature more generally [30–32].
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2.3. Urban Green Spaces

There is a large diversity of approaches to urban green spaces in the academic literature,
explicitly including or excluding some components [33,34]. Our definition of urban green spaces
features all vegetated areas within urban boundaries, be they public or private. Indeed, private land
is too often excluded from debates on urban green spaces [6,35], and too few local authorities have
actually attempted to interfere with how private owners manage their land, with London being one
such example [36].

The main argument for adopting such a broad definition is that all of these vegetated,
impervious areas provide ecosystem services and the related benefits to urban inhabitants.
Indeed, in response to challenges related to climate change, many new approaches to the planning of
urban green spaces refer to the protection of any unsealed land, and, in particular, to unsealed land of
higher biological value, such as the Biotope Area Factor index [37].

Depending on the dataset used, such broadly understood green spaces are represented by diverse
categories (Table 4). The statistical data are based on the narrowest interpretation, featuring only
the officially recognized category of formally recognized public green spaces. To make sure that our
interpretation is more comprehensive, we explicitly distinguish between formal green spaces captured
in the statistical data—recognized as such and managed by public authorities—and many other types
of informal green spaces that escape formal classification and management, and yet which provide
multiple ecosystem services [24,29,38–40].

Table 4. Databases used to elicit data on urban green space with a list of land-use categories representing
broadly understood green space in each of these datasets.

Statistical Data UA BDOT10k Landsat 8

Parks Arable land (annual crops)
(21000) Allotments (PTUT01)

Urban green space
identified by way of

supervised classification

Green squares Green urban areas (14100) Arable land (PTTR02)
Street greenery Forests (31000) Decorative plants plantation (PTUT05)

Residential green spaces Pastures (23000) Forest (PTLZ01)
Cemeteries Permanent crops (22000) Grassland (PTTR01)

Municipal forests Wetlands (40000) Orchards (PTUT03)
Complex and mixed

cultivation patterns (24000) Plantation (PTUT02)

Orchards (25000) Scrub (PTRK02)
Shrubbery (PTLZ02)
Tree cover (PTLZ03)

Wetland (OIMK01; OIMK02)

The relevant land-use categories in the UA and BDOT10k datasets we used partially overlap [41,42].
We sought any natural and seminatural areas to identify areas with a dominant share of vegetation.
Both datasets feature forests, pastures/grassland, orchards, and arable land (albeit with slight differences
in definitions). All of these, and several other categories unique to each dataset, reflect the complexity
of urban ecosystems, the source of multiple ecosystem services for urban inhabitants [43,44].

We posit that local authorities should also follow such a broad definition of urban green space
and—based on the large preliminary dataset—plan a comprehensive system of green infrastructure.
The ultimate system of green infrastructure will most likely be smaller than the present general urban
green space due to further development pressure, but it is essential to plan it now, based on available
resources, rather than try to restore some of the connections after they are lost [45]. Restoration typically
costs more than preservation [46,47].

All of the data were prepared by using QGIS programming, which—in line with licensing
provisions—may be used in public administration on an open-source basis. In public administration,
this represents a key feature that supports the drawing-up of studies, using free datasets and
open programming.



Land 2020, 9, 453 6 of 19

2.4. Indicators Used in This Study

Urban green spaces are of key importance for the quality of life in towns and cities, but to
benefit urban inhabitants the most, they need to be planned as a consistent system of green and blue
infrastructure [2,48,49]. Among other things, this means that they need to be seen as a comprehensive
system, comprising different types of green and blue spaces, hence our broad interpretation. To make
sure that green space data for our case study towns are complete, we investigated the share of green
space in total town area, the area of urban green space per inhabitant, the number of inhabitants per
hectare of urban green space, and the shares of the different green space categories, all according to
the different sources of data. The indices used in this study refer to the physical presence of urban
green spaces, i.e., their availability [50]. This is a key aspect that is most often covered in the respective
literature [51–55], compared to more advanced studies on the accessibility and attractiveness of urban
green spaces [19].

3. Results

3.1. Share of Green Space in Town Areas

Our results show great differences between the identified share of green space in town areas,
depending on the data source. Most visibly, the official data based on public statistics stand out as an
outlier, indicating 3.5–5.7% of town areas covered by green space, while other sources of data reveal
about 50–80% (Table 5).

Table 5. Percentage share of town areas occupied by green space.

Town Statistics Poland UA BDOT10k Landsat 8

Ostrowiec
Swietokrzyski 5.01 51.74 63.17 73.01

Pabianice 5.70 55.93 59.32 79.43
Piotrkow

Trybunalski 3.55 61.17 75.81 85.97

Tomaszow
Mazowiecki 4.89 52.72 66.33 70.31

Zgierz 3.65 60.95 68.08 81.08

A comparison between the two most comprehensive datasets—land-use data (the BDOT10k) and
the results of the supervised classification of Landsat 8 images—is shown in Table 6 and the figures
in Appendix A and (in full resolution) in Supplementary Materials (S1–S5). Such differences in the
sizes of areas of green space designated for the purposes of the study are from around four to over
20 percentage points of land that potentially represents urban green space, depending on which urban
center is considered. The differences prove to be greater in towns that have a larger number of housing
estates, as this kind of spatial configuration of a town allows for the noting of elements that may be
categorized as urban green space, despite being located in housing-estates. The smallest difference
between sources of data applied to Tomaszow Mazowiecki, which has a contiguous built-up area in
the center, as well as a small number of settlements on the edges of the town. Ostrowiec Swietokrzyski
and Piotrkow Trybunalski have similar spatial characteristics, while Pabianice and Zgierz are different,
being towns bordering Lodz—the region’s capital and second-tier city—and subject to a great deal of
urban sprawl.
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Table 6. Differences between urban green space area, depending on whether BDOT10k or Landsat 8
data are referred to.

Town Percentage Point Difference in Favor of Landsat 8

Ostrowiec Swietokrzyski 9.84
Pabianice 20.11

Piotrkow Trybunalski 10.16
Tomaszow Mazowiecki 3.98

Zgierz 13

3.2. Urban Green Space per Town Inhabitant

When it comes to the index of the area of urban green space per town inhabitant, it should be
noted how the Statistics Poland data hardly correlated with the other measures obtained from different
sources (correlation coefficient between 0.025 in the case of UA and BDOT10k, and 0.059 in the case
of Landsat). This is also seen in the values of the indices in Table 7, where there is a visibly high
level of correlation among the results obtained with UA, BDOT10k, and Landsat 8 data, for which the
correlation coefficients exceed 0.97.

Table 7. Area of urban green space (m2) per town inhabitant.

Town Statistics Poland UA BDOT10k Landsat 8

Ostrowiec
Swietokrzyski 48.19 344.65 420.84 486.34

Pabianice 28.78 282.73 299.86 401.51
Piotrkow

Trybunalski 32.36 556.35 689.47 781.83

Tomaszow
Mazowiecki 24.65 353.42 444.70 471.35

Zgierz 35.71 452.87 505.79 602.38

Similar results were obtained for the number of inhabitants per ha of urban green space.
This reflected the way in which both indices were calculated by reference to the same data, i.e.,
the area of urban green space and the number of inhabitants (Table 8). For the number of inhabitants
per ha of urban green space, the correlations between measures relating to UA, BDOT10k, and Landsat
8 had coefficients above 0.95. In contrast, the correlation between Statistics Poland data and those from
the remaining sources is weak, given that the value for the coefficient does not exceed 0.3.

Table 8. Number of town inhabitants per ha of green space.

Town Statistics Poland UA BDOT10k Landsat 8

Ostrowiec
Swietokrzyski 208 29 24 21

Pabianice 347 35 33 25
Piotrkow

Trybunalski 309 18 15 13

Tomaszow
Mazowiecki 406 28 22 21

Zgierz 280 22 20 17

3.3. Predominant Green Space Categories

BDOT10k data provide the most comprehensive and consistent set of green space categories.
A comparison of different green space categories (Table 9), according to BDOT10k, indicates that
grassland (PTTR01) and arable land (PTTR02) constitute the most important green space categories in
the studied towns, jointly representing from 35% of town area in Ostrowiec Swietokrzyski to 49% in
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Piotrkow Trybunalski. Forests (PTLZ01) yield an additional 11% (Pabianice) to 24% (Zgierz) of the
town area.

Table 9. Percentage share of different categories of green spaces in relation to the town area.

Dataset Code/Name Of
Green Area

Ostrowiec
Swietokrzyski Pabianice Piotrkow

Trybunalski
Tomaszow

Mazowiecki Zgierz

BDOT10k Grassland 29.78 21.68 28.22 34.94 25.60
Forest 21.20 10.77 23.36 19.66 23.70

Arable land 5.56 21.09 20.77 6.77 15.24
Orchards 2.30 0.76 0.92 0.21 0.72

Allotments 1.75 2.24 1.48 1.82 1.16
Shrubbery 0.73 0.88 0.72 1.00 0.62
Tree cover 0.68 1.75 0.23 0.94 0.80

Scrub 0.50 0.02 0.05 0.01 0.11
Wetlands 0.42 0.07 0.02 0.84 0.03
Plantation 0.25 0.06 0.03 0.14 0.09

Sum 63.17 59.32 75.81 66.33 68.08

UA Forests 24.75 9.62 24.72 19.15 23.80
Pastures 20.07 33.76 14.53 24.64 17.36

Arable land
(annual crops) 4.70 9.60 21.21 7.33 17.40

Green urban
areas 2.20 2.95 0.71 1.60 2.40

Sum 51.74 55.93 61.17 52.72 60.95

Statistics
Poland

Residential
green spaces 1.64 2.33 1.05 2.08 1.05

Street greenery 0.90 0.79 1.72 0.73 0.38
Green squares 0.73 0.10 0.16 0.20 0.12

Parks 0.65 1.64 0.23 0.46 0.47
Municipal

forests 0.62 0.01 0.04 0.67 1.09

Cemeteries 0.47 0.84 0.34 0.76 0.54

Sum 5.01 5.70 3.55 4.89 3.65

UA data confirm the above dominance of arable land and pastures, jointly representing from 25%
to 43% of town area (in Ostrowiec Swietokrzyski and Pabianice, respectively). According to UA data,
forests constitute from 9.6% (in Pabianice) to 24% (in Zgierz) and 25% of the town area (in Ostrowiec
Swietokrzyski and Piotrkow Trybunalski).

Meanwhile, data from public statistics neglect the above dominant categories of green spaces,
focusing on publicly managed formal ones, among which residential green spaces represent the most
important category (from 1% of the town area in Piotrkow Trybunalski and Zgierz, to 2.3% of the
town area in Pabianice). Not only are grasslands and arable land not covered as urban green spaces
according to public statistics, but also the understanding of forests is narrowed down to municipal
ones, a category which shows a large discrepancy when compared to all forests considered in the other
data sources.

4. Discussion

4.1. Synthesis of Results

There is a large discrepancy between what is considered “urban green space” according to public
statistics (which influences formal management and conservation of the designated areas) and what
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constitutes a broader scope of urban green infrastructure based on other sources of data. The differences
between public statistics and other types of data in the area of green space in the studied towns account
for at least 45 percentage points of the town area. The dominance of agricultural land (grasslands and
arable land) in the broadly understood green infrastructure means that, although these areas provide
important ecosystem services (in particular, by influencing the microclimate), they are not protected as
such, and their existence can be relatively easily terminated (as a result of further urban development).

When it comes to data sources alternative to public statistics, the most comprehensive identification
of green space components in satellite imagery (Landsat 8) reflects the higher scale and greater accuracy
provided by this source of data. A further advantage of the Landsat 8 data is the individualized
approach to urban centers it allows, and hence the local knowledge that can be brought to bear in the
form of supervised classification. Indeed, most recent studies indicate the necessity to rely on satellite
imagery when analyzing urban green spaces, primarily because of its accuracy and availability of
data over time for long time comparisons and for comparisons between different locations within
a country or beyond [56–58]. Meanwhile, the BDOT10k land-use data, which is also typically more
comprehensive than UA, are the easiest to obtain and use for most local users.

Analysis of the spatial data on urban green space (following its broader interpretation) indicates
that the sizes of areas noted tend to be larger where the scale or resolution of satellite imagery or
studies referred to is greater. A further factor is knowledge of the area under analysis, which is very
important in identifying remnants of larger green space complexes that may still be present within
block housing developments and thus rendered identifiable by supervised classification. This is true of
both green spaces that play an “insulation” role and of areas between buildings. It proves especially
important when it comes to establishing ROIs, allowing for the proper classification of different areas
of space within a town.

4.2. Our Results in the Broader Context

Our results are in line with those of other studies carried out in Poland [23,24,55,59], obscuring the
inadequacy of definitions adopted for the purposes of public statistics. In particular, when compared
to the share of urban green spaces in all seventeen regional capitals in Poland [24], the present results
indicate that the same problems with green space definitions and delineation affect green space
management in smaller towns. Again, UA and BDOT10k offer much more appropriate datasets
to account for what can be considered urban green infrastructure, compared to public statistics.
The smaller size of third-tier towns means that most of such urban units are not covered by UA,
which leaves BDOT10k as potentially the most important dataset available free of charge to all
local authorities and other public bodies in Poland. Meanwhile, regular use of satellite imagery
requires additional capacities that are typically not available in town administrations (see the following
subsection).

It seems that the delineation of urban green spaces in third-tier towns is even more artificial than
in larger cities, and that they include even more arable land, grasslands, and forests. This is partly
due to the fact that they are typically closer to the countryside, as—unlike larger cities—they are
not surrounded by extensive suburbs. Indeed, other authors have already called for the inclusion of
agricultural areas into the systems or urban green infrastructure in Polish towns and cities [60]. All of
the above is in line with studies that promote connecting urban areas with the surrounding landscape,
acknowledging that urban areas are part of larger ecosystems that are vital for the quality of life of
urban inhabitants [61,62]. Indeed, Pieńkowski et al. [61] suggested that planning urban green spaces
should start with inventorying all green spaces within urban borders and in the nearest periphery,
and then connecting urban ecosystems with the surrounding landscape.

Instead, formally unprotected green spaces in towns adjacent to larger urban centers are
vulnerable to suburbanization, while the process of urban sprawl, characteristic of large centers,
generates phenomena relating to changes of land use, even in areas not built-on, with free space
among single-family or multi-family built-up areas also arising [63–65]. In the course of supervised
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classification, such a phenomenon can and must be taken note of. This phenomenon only attenuates in
towns further from large urban centers, as confirmed by the results describing the “increase” in the
area of urban green space noted when BDOT10k is compared with data from Landsat 8. This, in turn,
reflects the less-dispersed nature of the built-up area and, in consequence, green space connectivity.

Problems of inadequate data on urban green space in smaller towns have also been observed
in other countries. For example, studies carried out in South African towns, plagued by inadequate
planning and governance systems, show—like our results for Polish towns—that there is much more
green space there, beyond the narrowly defined public green spaces, and that, indeed, most green
spaces escape the formal green space category and remain under private ownership [14].

With the present article, we echo the words of caution of Kendal et al. [11] that “care should
be taken when extrapolating research findings from large global cities to smaller cities and cities in
the developing world”. Indeed, the size of an urban area matters both for the inhabitants’ ability
to access peri-urban green spaces and for the composition and character of the urban green spaces
themselves. Finally, urban green spaces in both postsocialist and developing countries suffer from
particular pressure and management challenges, especially when compared to urban areas in the most
developed and the most studied contexts [66,67]. In particular, while the incremental loss of urban
green space is a global phenomenon, present in towns and cities alike [68], the loss of unclassified
green spaces is an even more pressing issue in urban areas worldwide—especially in postsocialist and
developing countries—because of their large share in the urban area and the related importance from
the point of view of delivering ecosystem services.

4.3. Urban Green Space Planning and Management Capacity

Given that data from public statistics depart considerably from those from the other sources,
there is a great scope for interpretation by local authorities when making decisions pertaining to
green space planning and management. The action taken by local authorities should strive to reflect
reality as effectively as possible, both with regard to spatial data and in documents relating to physical
development and spatial planning. Clearly, this brings about the issue of green space planning and
management capacities.

A comparison of management practices and capacities in one town and four cities in Poland [16]
indicates that, in the former, responsibilities related to green spaces are spread across several
departments responsible for municipal management and built infrastructure, while, in the latter,
these responsibilities tend to be centralized (however, only within the limits of the underlying definitions
of green spaces adopted for the purposes of public statistics). Although town administrations—like city
administrations—are obliged to prepare a number of policy and planning documents that focus on
environmental protection, in towns, these documents typically do not cover urban green spaces
(unlike in cities), as if green spaces were not even considered an important part of environmental
management [16]. Finally, very few large cities in Poland have inventoried their green spaces or
trees. This has not even been attempted in towns, except for specific parts of those towns where
a significant number of trees are planned to be removed [16]. Clearly, green space management
in towns faces even larger challenges than in cities because of scarce resources and management
capacities [69]. Green space management in towns exhibits a larger gap between international policy
rhetoric regarding the importance of urban green spaces and green infrastructure, and the local
interpretation of these concepts [70]. In short, while challenges related to the use of green space data
and the related management practices are similar in towns and cities, the same problems may be
more serious in the case of towns, because of their limited institutional capacity to deal with these
problems [11].

Meanwhile, in light of the broader analysis regarding urban green and blue space and enabling its
benefits for inhabitants, it is crucial to strengthen the relevant institutions, including those formally
responsible for the process [2]. Currently, local-government bodies typically enjoy free access to all the
data presented in our analysis [24,71]. Indeed, the BDOT10k database is part of local resources used for
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planning purposes, anyway; it is up-to-date and reliable, and it could easily be adopted for green space
management. However, for this purpose, the relevant authorities responsible for spatial planning
need to be strengthened (this area is typically understaffed in Polish local authorities), and they need
to collaborate closely with those responsible for urban green space management. Again, the use of
BDOT10k data provides a good opportunity to make this happen, because these data are already
well-known and used by planners. In contrast, the use of satellite imagery—although theoretically
possible—would pose new challenges and require far more resources.

4.4. Further Research

Our comparison of green space data for five towns in Poland could be extended with the use
of less precise CORINE (CO-oRdination of INformation on the Environment) data [72,73]. These are
vector data, elaborated for the last time in 2018, and they are also accessible via the CLMS spatial
database. The Corine Land Cover (CLC) data cover the whole area of 39 countries; hence, they extend
far beyond the UA data. Indeed, the CLC data have already been used for large-scale green space
comparisons among European cities [74,75]. These data could be used to increase the sample
of urban areas in Poland or to compare urban green spaces explicitly in third-tier towns across
Europe—in contrast to comparing larger towns and cities, which is possible based on the more
precise UA data [52]. To ensure comparability with our results, the relevant CLC categories would
need to include the following: artificial, non-agricultural vegetated areas (Code 141); arable land
(Code 21); permanent crops (Code 22); pastures (Code 23); heterogeneous agricultural areas (Code 24);
forests (Code 31); scrub and/or herbaceous vegetation associations (Code 32); open spaces with little or
no vegetation (Code 33); and wetlands (Code 41).

The categories of urban green spaces identified in different sources of data are not compatible.
This is especially noticeable with regard to data prepared in CLMS, as well as at the national level,
where differences in categories of land cover assignable to urban green space are especially obvious [76].
In particular, at the local level, data related to green spaces should refer to all areas generating
ecosystem services. The green space resource, regardless of the category and data source, should be
comprehensive and linked to the present-day challenges of climate-change adaptation and urban
resilience. Although this is a policy and planning issue, further research is also necessary on how to
change the planners’ and urban authorities’ mindsets to cover urban green spaces more comprehensively
and to translate the broad category of urban green space into urban green infrastructure.

Satellite imagery provides the ultimate resource available to study green spaces in and beyond
urban areas, and it could also be used for further comparisons. However, to provide meaningful
results, the images would need to be categorized into subgroups that would facilitate supervised
classification. Although it is also possible to use satellite imagery for broader comparisons, it would be
a far more laborious process, and even the regular use of such resources would exceed the capacities of
most (if not all) local town administrations in Poland, at least for the time being.

Finally, further research should focus on how the availability of urban green spaces in Polish
towns changes over time. Given the numerous institutional challenges [66,77,78], one might expect
that the situation is deteriorating, especially if most green spaces are still narrowly interpreted and not
formally protected, as highlighted in the present study.

5. Conclusions

The comparison of different datasets that feature data on urban green spaces indicates that,
especially in the case of the most broadly used public statistics data, the underlying definitions
need to be adjusted to cover UGS more comprehensively and to account for green infrastructure.
The comparison highlights the variability of, as well as the correlations between data of different origins,
with consistent regularities distinguishing the different datasets. The potential resource of urban green
spaces—especially when considered through the lens of urban green infrastructure—clearly looks
different depending on which data source is used. Unfortunately, local authorities in the urban centers
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studied here typically come up with management practices and documents that confine their attention
to official statistical data on “urban green spaces”, i.e., the dataset of the most limited cognitive value.
In contrast, BDOT10k data, shown here to be of high informational value and genuinely allowing for
the development of knowledge on urban green spaces, are not used for urban-green space management.
Satellite imagery, shown here with the example of data from Landsat 8, is also characterized by
greater information content, although it requires a workload that is typically beyond the reach of
town administrations in Poland. The data collected show huge potential and the need to complement
existing narrowly understood green spaces with new ones, especially before it is too late to do so
because of further development pressure.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-445X/9/11/453/s1.
Five full resolution maps shown in the Appendix A (comparing spatial data originating from BDOT10k and from
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shrubs. Ekon. I Środowisko 2016, 59, 223–234.

27. Łowicki, D.; Piotrowska, S. Monetary valuation of road noise. Residential property prices as an indicator of
the acoustic climate quality. Ecol. Indic. 2015, 52, 472–479. [CrossRef]

28. Statistics Poland. Local Data Bank. 2020. Available online: https://bdl.stat.gov.pl/BDL/start (accessed on
5 October 2020).

29. Sikorska, D.; Łaszkiewicz, E.; Krauze, K.; Sikorski, P. The role of informal green spaces in reducing inequalities
in urban green space availability to children and seniors. Environ. Sci. Policy 2020, 108, 144–154. [CrossRef]

30. Moreno, A.J.P.; De Larriva, J.E.M. Comparison between new digital image classification methods and
traditional methods for land-cover mapping. In Remote Sensing of Land Use and Land Cover. Principles
and Applications; Giri, C.P., Ed.; CRC Press: Boca Raton, FL, USA, 2012; pp. 137–152.
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