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Abstract: The study discusses the problem of public green areas’ accessibility for the residents of
large cities in Poland. The purpose of the research is to assess the possibility of applying the British
Accessible Natural Greenspace Standard (ANGSt) method in determining the amount of natural green
space available to residents in Polish conditions including, in particular, the assessment of accessibility
using data collected by the Central Statistical Office and the verification of results based on detailed
research. The identification of green areas for 18 voivodeship cities in Poland was prepared using
the GIS programme, taking into account public green space, provided for general access and free of
change. The verification of the ANGSt method consisted of mapping spatial barriers extending the
route of access either on foot or by roads as well as closed private areas. The conducted research
revealed that, after taking into account the access routes to selected areas, the distance to public green
areas increased, on average, from 50 m in the smallest cities (Gorzéw Wielkopolski and Olsztyn)
to as much as 450 m in Warszawa. A detailed analysis showed that the discussed accessibility was
reduced, on average, by almost 10% for the residents of the analysed cities. It was also found that the
introduced barriers did not affect the accessibility of more distant, larger green space areas.

Keywords: natural green space accessibility; public green space; ANGSt method; spatial policy;
environmental planning

1. Introduction

The quality of life in a city is affected, among other things, by physical, social, environmental and
economic characteristics of a given space [1,2]. The places where residents can actively and passively
rest include, e.g., sports facilities (swimming pools, fitness clubs, sports halls), cultural institutions
(cinemas, theatres, operas, museums) and urban greenery (parks, green squares, gardens, street and
residential area greenery, forests, green protected areas). The choice of a place for a short rest during the
day and the type of relaxation often depend on the distance to cover and on certain natural factors (e.g.,
the presence of lawns, trees, shrubs, surface waters, varied terrain) and also non-natural ones (parking
lots, paths, places for active recreation, playgrounds, picnic areas, elements of small architecture,
historical buildings and educational facilities) [3].

Scientific research has shown that green areas provide people with a wide range of advantages that
contribute to their health and well-being, as well as improve their quality of life [4-7]. They function
as the green lungs in cities by absorbing pollution [8,9], thus providing people with space to enjoy
nature and take advantage of it in the stressful moments of modern life [10-12].

Urban green areas also perform aesthetic, environmental, health and recreational functions.
All these qualities show that greenery is an important element of sustainable urban development.
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The positive contribution made by green areas in people’s lives increases the demand for more
reserves and access to green areas both in cities and around them [13]. It was also found that residing
close to natural green space results in health benefits [2,14-16], in advantages for the environment [17,18]
and also in economic profits [19]. The aforementioned compilation of research highlights numerous
advantages of greenery and the way in which accessing it brings benefits to both public health and
social well-being. In order to emphasize its value and advantages, urban standards regarding the
arrangements for open areas were defined in Poland in the 1970s (e.g., within 800 m from the place of
residence a recreational park, covering the area of 2 ha, should be provided).

Unfortunately, the set standards were not met, and in the 1990s of the 20th century and in the
years to follow, the undeveloped areas were designated for commercial purposes [20].

Currently, no central regulations oblige designers of local plans to provide public green areas
and recreation within housing structures. The applicable law applies only to the area covered by the
investment, stating that the minimum 25% of its area should be a biologically active area, if a different
percentage does not result from the findings of the local zoning regulations [21]. This creates a large
field for over-interpretation of regulations.

Organizational units in most countries use indicators related to the surface share of greenery when
planning spatial development strategies for cities. In practice, they most often use data published by the
Central Statistical Office. However, it is limited to taking into account only a few categories of greenery.
It does not take into account, among other things, the distance of inhabitants’ residences from green
areas. The actual share of areas of natural and social significance may be significantly different from the
values published by the Central Statistical Office, depending on the land use structure. Reliance only
on these data can have a disastrous effect on local government administration units when undertaking
program and strategic activities related to urban development.

Many researchers indicate the great importance of urban green planting for the development of
residential housing [22-24]. The current construction law is limited to providing guidelines regarding
the presence of biologically active areas within a given investment in accordance with the local land
development plan. There are no guidelines requiring the establishment of large-area greenery facilities.
It results in limiting the green areas in the newly developed residential housing areas to the minimum
and not using greenery with a significant abundance of leaves [3,20]. It also reduces their recreational
potential, approached as the capacity of the environment to create conditions providing rest and
physical and mental recovery to people [4,25,26]. An additional reason for the recreational potential
decline is the chaotic way in which spatial development takes place [27]. Charles Landry [28] (p. 252)
believes that “urban planning is suffocated by the absence of allegedly unprofitable investments in
public infrastructure”. Current inclusion of greenery, as areas in the spatial design of a modern city
centre, becomes increasingly difficult to implement because there are either no free areas or they are
too valuable for this type of investment. The green areas available in Polish cities are continuously
shrinking, which concerns both the city centres and residential districts, public and semi-private spaces
(e.g., as a result of the liquidation of front gardens, functioning in residential districts in the previous
century, in favour of parking spaces). Green areas disappear, similarly to their usage methods [29].

The research covered the selected, publicly accessible, recreational and free of charge green spaces.
The following green areas were distinguished: parks, squares, lawns, residential green spaces, street
greenery and municipal woodland. The definition of urban greenery in accordance with the dictionary
of basic land use and spatial planning terms has been adopted in the article, i.e., “green spaces in cities,
covered with vegetation presenting ecological, protective, recreational and aesthetic features”. Urban
greenery occurs in the form of parks, squares, gardens, isolation and protective greenery; it occurs
in inner-city areas, housing, leisure, industrial and suburban areas; it creates a band, wedge, radial,
annular, irregular, compact or distracted system in the city; and it can be part of the city’s natural
system and fragments of the ecological system of protected areas [30] (p. 145).

Moreover, according to Piatkowska K. [31] (pp. 37-38), green areas are open and are consciously
composed and multifunctional, including, inter alia, in the protection and shaping of the climate and
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the environment, as well as in the scope of social and service functions provided for the residents.
They can occur both in the city, as urban green areas and recreation, as well as in areas associated with
weekend and periodic rest, with the rural settlement network or in industrial areas.

According to the explanation from Bartosiewicz and Brzywczy-Kuninska [32] (pp. 11-12), green
areas are shaped according to the plans for the development of cities and housing estates. In addition,
there are public green territories available to everyone, such as parks and green areas, but also greenery
closed or intended for a limited group of people, for example, gardens in schools, hospitals, factories
or plots. Based on the diverse beneficial influence of green areas on urban units, many studies have
focused on analysing access to natural green spaces. The importance of accessibility and access to
green areas was analysed taking into account two perspectives: accessibility in terms of travel and
distance and also the perception of such access. From a distance perspective, accessibility is defined
as “the ease with which activities at one place may be reached from another via a particular travel
mode” [33] (p. 105). Therefore, a number of studies have adopted geographic information systems
(GIS) to analyse the accessibility of green areas based on distance, travel time and costs. For example,
Neuvonen et al. [34] analysed the relationship between access to natural green areas and the frequency
of visits. Oh and Jeong [35] studied the accessibility of pedestrians to city parks. There is also a
large number of studies researching the accessibility of green space using both distance and travel
time and focusing on equal access to green areas in different communities, supporting the concept of
environmental justice [36—42].

There are many methods for analysing access to green areas. The methods used in the discussion
presented in this study on the research results include, e.g., the method used by Feltynowski et al.
in Poland [43]. It provided the comparison of data from five publicly available sources: (1) public
statistics, (2) the national land surveying agency, (3) satellite imagery (Landsat data), (4) the Urban
Atlas, and (5) the Open Street Map. The results reveal large differences in the total amount of urban
green spaces in the cities as depicted in different datasets. Other studies cited in the discussion are the
ones carried out in Romania by Badiu D.L et al. [44]. She emphasizes that the most used quantitative
indicator to assess urban green infrastructure is urban green space (UGS) per capita. In order to address
the problem of urban sustainable development, 26 m? were adopted per resident in all cities. Aerial
photos were taken for 38 cities; next, the data were compared with three other databases (National
Institute of Statistics, Environmental Protection Agencies and Urban Atlas) to check for differences.
In addition, the significant differences between the surface of UGS reported by the administrative
offices and those resulting from the spatial analysis were found. In China, Feng et al. examined the
relationship between urban park accessibility and population distribution at different administrative
levels [45].

The presented article focuses primarily on the assessment of the availability of natural green areas
in Polish provincial cities. It takes into account the application of the British ANGSt (Accessible Natural
Greenspace Standard) method used to determine the amount of natural green available to residents,
adopting a modification to Polish conditions. It also verifies the results obtained with indicators
regarding green areas published by the Central Statistical Office. The process of performing ANGSt
includes determining the research area and relevant data sources, filtering data to meet the adopted
criteria for available green areas. Mapping works are performed using the geographic information
system (GIS) software. As the work progressed, it was also decided to carry out modified analyses
imposing spatial barriers to the model.

The following research hypotheses were adopted in the study:

1.  Residents of large cities have difficulty accessing the generally accessible public green spaces of
2 ha in area and more, located within 300 m distance from a housing estate.

2. The data collected by the Central Statistical Office are insufficient for planning and designating
green areas in the urban space and should be supported by scientific research.

Nowadays, both in legal regulations and in the literature of the subject, there is no unambiguous
interpretation for the areas covered with vegetation located in the city.
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2. Materials and Methods

2.1. Study Area

The presented research is focused on the assessment of the amount of greenery available in terms
of recreation for the residents of Polish voivodeship cities. Since 1999, the country has been divided
into 16 voivodeships. In two regions, Lubusz and Kuyavian-Pomeranian, the seat of the marshal and
governor was divided into two cities. Thus, the research covers 18 voivodeship capitals (Figure 1).
The boundary of the studied areas was the 10 km buffer from the administrative borders of the cities.

Figure 1. Location of study area with boundaries of voivodships.

Table 1 also presents the indicator of public green area per inhabitant (1 January 2019).

Table 1. The percentage of cemeteries” area against the area of public green space and indicator of
green area in individual voivodeship cities in Poland.

City Public Green Space [ha] Cemeteries’ Area [%]  Indicator of Green Area per Inhabitant [m?/os]
2010 2018 2010 2018 2018
Biatystok 896.9 1041.8 9.9 9.0 35.51
Bydgoszcz 1911.3 1927.1 52 49 54.44
Gdansk 2092.0 2249.2 4.4 42 38.63
Gorzéw Wilkp. 484.3 533.4 7.4 7.1 43.67
Katowice 1228.1 919.9 6.3 8.4 30.42
Kielce 584.3 593.3 7.5 8.0 30.28
Krakow 3230.2 3297.2 43 4.1 42.97
Lublin 1183.0 1380.6 6.4 55 40.36
Lodz 3644.3 4044.6 6.2 5.6 58.20
Olsztyn 2127.9 1851.3 3.8 44 29.29
Opole 643.0 585.1 7.0 9.3 49.46
Poznan 3739.6 44759 6.7 5.6 81.14
Rzeszéw 658.2 636.1 71 8.6 34.59
Szczecin 3316.6 3497.0 5.6 6.1 86.46
Torun 1008.9 1135.3 8.4 7.5 56.92
Warszawa 4634.6 4988.3 8.0 7.7 28.26
Wroctaw 2930.6 3580.5 4.9 3.9 56.65
Zielona Géra 898.1 946.4 3.2 7.4 68.02

Based on: Local Data Bank from the Central Statistical Office [46].

2.2. Research Methods

The applied research method followed the steps listed below:

e theidentification of the research problem and the selection of the research area;
o the subject literature analysis;



Int. |. Environ. Res. Public Health 2020, 17, 4492 50f17

e the selection of public green areas’ categories constituting the subject of conducted analyses;

e  preparing statistical data on natural green areas in 18 capitals of voivodeships in Poland;

e spatial identification of natural green areas in individual voivodeship cities using the
GIS programme;

e mapping accessibility buffers using the ANGSt method, following prior identification of
housing estates;

e the obtained results verification against the data retrieved from the Central Statistical Office;

e the verification of assessment results regarding the accessibility to public green areas using the
ANGSt method based on the identification of spatial barriers;

e re-assessment of the accessibility to public green areas;

e and conclusions.

Due to the low popularity of recreational activities in cemeteries, as well as their variety in terms
of vegetation, and also a fairly low percentage and qualitative diversity in relation to total green zone,
it was decided to skip this component.

Family allotment gardens were also left out due to their limited, in most cases, accessibility for the
general public (the majority of gardens are closed and only the owners of individual gardens have
access to them). Pastures, arable land, meadows or undeveloped riverside and post-industrial areas
were not taken into account either.

The subject of the analyses was verified in terms of the green area defined in the Nature
Conservation Act [47]: “green space stands for the arranged areas along with technical infrastructure
and buildings functionally connected with them, covered with vegetation, performing public functions
and in particular: parks, lawns, promenades, boulevards, botanical and zoological gardens, children
game parks and historic gardens, cemeteries, greenery along the roads in built-up areas, green squares,
historic fortifications, constructions, storage sites, airports, railway stations and industrial facilities”.
The verification also covered the accessibility of selected areas for residents.

After the units were separated for further research, a compilation of statistical data made available
by the Central Statistical Office for green areas in 18 voivodeship cities in Poland was carried out.
The availability of data and the method of interpretation of green areas were the basis for selecting
the data source: “Green urban areas consist of parks, urban forests, green squares, green residential
spaces, street greenery, zoological and botanical gardens, as well as cemeteries. The key to choosing
this type of green areas is that they are managed by the municipal authorities” [43] (p. 61). In order to
determine the tendency for the transformation of green areas, the values from three different years, i.e.,
2004, 2010 and 2018, were compared. The areas of cities from the same periods were also compared.

The data provided by the Central Statistical Office are available on the website www.stat.gov.pl.
It collects and provides information on, among others: residents, the environment, living conditions,
education, culture, work, finance, economy and natural goods. City authorities and business intelligence
services often use this information. Their advantage is high data availability. Thanks to this, analyses
can be conducted on full material collections. Another advantage is the lack of influence of third parties
on the data creation process. On the other hand, the main disadvantages include the reliability and
method of obtaining data.

The next stage of the research was the spatial identification of green areas in individual voivodeship
cities in Poland. Taking into account a rather limited concept of public green space represented by
public statistics and the discrepancies in the occurrence of green areas in cities [43], municipal spatial
information systems and the topographic database were used for the purpose of mapping green areas.
In order to verify green areas more accurately, the cities were divided into smaller units (specified
individually for each centre). The minimum mapping unit was 50 m. In case of doubts regarding free
accessibility, the areas were verified individually by searching for information on the local authorities’
websites. Next, the particular layers were mapped in the GIS and green areas were selected using the
aforementioned guidelines. The underlay for each city was then buffered using the recommendations
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provided in the ANGSt method. This technique was developed in 1998 to study the extent to which
the population living in the southeastern part of Great Britain has access to public green areas.

The adapted method determined the minimum area of greenery to be 2 ha. According to many
researchers [48,49], expanses with smaller areas are insufficient to provide adults with adequate support
for physical activity. The size of green areas can also slow down the phenomenon of appropriation of
land by one group of people [50-52].

The following standards specify the distance between the place of residence and green areas
presenting particular surfaces, in accordance with the ANGSt method [53]:

e  No person should live more than 300 m from their nearest area of accessible natural green space
of at least 2 ha in size.

e  There should be at least one 20 ha accessible natural green area within 2 km from home.

e  There should be one accessible natural green zone 100 ha site within 5 km.

e  There should be one accessible natural green space 500 ha within 10 km.

Following the above recommendations, green areas of less than 2 ha in size were excluded from
the analysis. In addition to the areas within the administrative borders of individual cities, a 10 km
buffer around them was also taken into account (maximum value for the ANGSt model). Buffers
were deleted using ArcGIS. Due to the concentration of the objects, Euclidean buffers were used.
Considering the fact that a city constitutes the subject of research, the earlier defined green areas were
adopted as natural green areas.

Then, using the data contained in the spatial information system of provincial cities, a layer
presenting the estate was applied. Prior distinguishing smaller units, for which it was easier to
determine the number of households, turned out to be helpful. The population was counted using an
average statistical size of a household—3 people in a dwelling [46]. On this basis, the percentage of the
population having access to individual green areas was calculated. The next step was the verification
of the obtained results against the data retrieved from the Central Statistical Office [46]. The final
research stage consisted of mapping spatial barriers. Major line infrastructures (railways, highways,
roads with more than 3 lanes, bridges, and rivers) as well as private premises were mapped using
the topographic database. It was decided that in the city centre, where pedestrian crossings are quite
densely designated, the occurring barriers would not be taken into account, except for railway lines
and waterways [54]. The research was finalised with reassessing residents’ accessibility to the generally
accessible green areas.

The presented results were divided into three sections. The first of them verifies the data retrieved
from the Central Statistical Office based on the areas selected for further analyses. The second focuses
on the results of the ANGSt method application for the selected cities and analyses how population
levels in individual cities relate to them. The third section contains maps summarizing the generally
accessible green areas with the additionally designated spatial barriers.

3. Results

3.1. Descriptive Statistics

Prior to the spatial identification of green areas in individual cities, the general characteristics of
cities were determined based on the data from the Central Statistical Office. The ratio of the area of
generally accessible green spaces (the area of municipal forests, parks, lawns, residential green spaces
and street greenery was summed up) against the area of particular cities was calculated (Table 2).
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Table 2. The area of generally accessible green space against the area of individual voivodeship cities

in Poland.
Greenery [hal The Ratio of the Area of Generally Accessible Green
City Spaces to the City’s Surface [%]
2004 2010 2018 2004 2010 2018

Biatystok 727.3 896.9 1041.8 8 8 9
Bydgoszcz 1662.7 1911.3 1927.1 10 10 10
Gdansk 1789.0 2092.0 2249.2 7 8 8
Gorzéw Wlkp. 525.5 4843 533.4 6 5 6
Katowice 1266.1 1228.1 919.9 8 7 5
Kielce 483.0 584.3 593.3 4 5 5
Krakow 2548.1 3230.2 3297.2 8 9 10
Lublin 1302.3 1183.0 1380.6 9 8 9
Lodz 3318.2 3644.3 4044.6 11 12 13
Olsztyn 1893.0 2127.9 1851.3 22 23 20
Opole 362.8 643.0 585.1 4 6 4
Poznan 3516.9 3739.6 4475.9 13 13 16
Rzeszow 426.2 658.2 636.1 8 5 5
Szczecin 3030.8 3316.6 3497.0 10 10 11
Toruni 879.4 1008.9 1135.3 8 8 9
Warszawa 5129.7 4634.6 4988.3 10 8 9
Wroctaw 2662.7 2930.6 3580.5 9 10 12
Zielona Goéra 758.9 898.1 946.4 13 15 3*

* The administrative area of the city was extended on 2 January 2015.

The above table shows changes taking place in the share of the generally accessible green areas
over the period of 13 years. They can result from alterations in the interpretation of urban green
space as well as functional transformations of the areas covering both the creation of new green areas
and changing the existing ones into either residential housing or service and industrial buildings.
No correlation was identified between the size of individual cities, the number of residents and the
occupied green area (Figure 2).
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Figure 2. The area of cities and green spaces by the increasing number of residents.

Furthermore, the areas selected for further analysis on the basis of urban geoportals did not show
any connection between the areas of cities and those of the generally accessible green zones located in
their boundaries.
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3.2. Accessible Natural Greenspace Standard

Following the standards developed based on the British ANGSt method, the residents’ distances
to green areas of particular surfaces in 18 cities were presented (Table 3). After compiling four layers
for each city, the percentage of residents for which all criteria were met (column “All of the ANGSt
Requirements Met”) was obtained.

Table 3. The accessibility of green areas according to ANGSt standards in voivodeship cities in Poland.

All Access to at Least Access to at Access to at Access to at Least  All of the ANGSt N'X; gfstthe
City Households 2 ha within 300 m Least 20 ha Least 100 ha 500 ha within 10 Requirements Requirements Met
[%] within 2km [%]  within 5 km [%] km [%] Met [%] %]
Biatystok 297,288 9 58 92 100 7 0
Bydgoszcz 352,313 20 48 89 100 17 0
Gdansk 464,254 19 56 72 100 12 0
Gorzéw Wilkp. 124,295 21 47 72 100 16 0
Katowice 281,950 12 45 68 100 5 0
Kielce 188,495 38 85 76 100 14 0
Krakéw 76,748 26 60 79 100 12 0
Lublin 322,930 25 64 80 100 11 0
Lodz 687,702 18 56 78 100 10 0
Olsztyn 173,070 29 64 82 100 14 0
Opole 128,140 31 50 79 100 18 0
Poznan 671,233 20 62 76 100 12 0
Rzeszéw 191,009 13 42 54 100 7 0
Szczecin 403,883 32 65 78 100 12 0
Torun 182,725 21 54 62 100 10 0
Warszawa 1,764,615 20 67 72 100 6 0
Wroctaw 638,600 22 66 87 100 8 0
Zielona Goéra 139,819 12 62 85 100 10 0

The above table shows that the residents of Kielce, Szczecin and Opole have the relatively largest
access to green spaces of 2 ha and more within a 300 m radius. In turn, the smallest access refers to the
residents of Biatystok, Katowice and Rzeszéw. The obtained results indicate that the situation of the
residents in the analysed cities does not seem to be good. In the largest Polish cities, such as Warszawa,
Gdarnisk, Wroctaw and Poznarni, the comfort of using the generally accessible green spaces within a
300 m radius and offering 2 ha of area is available for only about 20% of the residents.

These studies, however, require more detailed analyses addressing the access to smaller squares
and playgrounds, which has been indicated as the subject matter of the planned research.

The most noteworthy research result is the absence of accessibility to green areas closest to
residential estates. In the analysed cities, the accessibility of areas covered by the generally accessible
vegetation presenting the surface of 2 ha, located in the immediate vicinity (300 m), ranges from 9% to
38% of the residents’ number. Figure 3 shows the availability of greenery for residents based on the
examples of Biatystok and Kielce, respectively the largest and smallest percentages of access to green
areas within 300 m.

The conducted studies have also shown that the accessibility of greenery does not depend on
the city size. The surface of the areas featuring natural values does not show any correlation with
the number of residents. Furthermore, the statistical data, showing the ratio of green areas against
the size of individual cities, do not affect residents” accessibility to green areas, primarily the ones
in the immediate vicinity (Table 4). After comparing the data in the table, it can be seen that cities
with a higher ratio of green areas to their entire area do not have greater availability of green areas
in the closest distance for residents. After analysing the types of areas found in individual cities,
it was noticed that the higher ratio of green areas to the city surface is often due to the distribution of
greenery in the peripheral areas of the city—most often, they are large forest areas. However, they do
not translate into an increase in available green areas in the immediate vicinity of residential areas.
As shown below (Table 4), e.g., Kielce, despite one of the smaller relations of green areas to the surface
of the whole city, has the highest access of green areas in the immediate vicinity of residential areas.
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Table 4. Comparison of the value of the green area indicator with the ratio of green areas to the city
area according to the availability of at least 2 ha of green area at a distance of 300 m in provincial cities

in Poland.
d Access to at Least 2 ha Indicator of Green Area  The Ratio of Green Areas to
within 300 m [%] per Inhabitant [m?/os]  the City’s Surface in 2018 [%]
Bialystok 9 35.53 9
Katowice 12 30.42 5
Zielona Gora 12 68.02 3*
Rzeszow 13 34.59 5
1.odz 18 58.2 13
Gdansk 19 38.63 8
Warszawa 20 28.26 9
Bydgoszcz 20 54.44 10
Poznan 20 81.14 16
Gorzéw Wlkp. 21 43.67 6
Torun 21 56.92 9
Wroctaw 22 56.65 12
Lublin 25 40.36 9
Krakow 26 42.97 10
Olsztyn 29 29.29 20
Opole 31 49.46 4
Szczecin 32 86.46 11
Kielce 38 30.28 5

* The administrative area of the city was extended on 2 January 2015.

3.3. Spatial Barriers

The last step consisted of mapping spatial barriers. After taking into account the access routes
to the selected areas, it occurred that the average distance was extended from 50 m in the smallest
cities (Gorzoéw Wielkopolski and Olsztyn) to as much as 450 m in Warszawa, resulting in reduction of
accessibility for residents by 9% (see Table 5).

Table 5. Comparison of access to green areas including spatial barriers.

Cities Access to at Least 2 ha Access to at Least 2 ha within Differences Due to the
within 300 m [%] 300 m with Spatial Barriers [%]  Consideration of Barriers [%]

Biatystok 6 5 -1
Katowice 12 8 -4
Zielona Gora 12 10 -2
Rzeszow 13 11 -2
1odz 18 13 -5
Gdansk 19 16 -3
Warszawa 20 11 -9
Bydgoszcz 20 17 -3
Poznan 20 16 —4
Gorzéw Wikp. 21 19 -2
Torun 21 18 -3
Wroctaw 22 17 -5
Lublin 25 22 -3
Krakow 26 20 -6
Olsztyn 29 26 -3
Opole 31 28 -3
Szczecin 32 29 -3
Kielce 38 35 -3

To compare the data collected before and after the barriers were applied, tests were performed to
see if there was a statistically significant change. Nonparametric tests were used. To compare two
paired groups for variables that do not have a normal distribution, the Wilcoxon signed-rank test and
the sign test were used. The calculations were made in the STATISTICA program.
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The Wilcoxon test consists in ranking differences in measurements for subsequent observations;
the differences between measurement 1 and 2 are calculated. Then, these differences are ranked, i.e.,
the results obtained are ranged from smallest to highest and given subsequent ranks. Then, the sum of
ranks is counted for differences that were negative and for differences that were positive (results with
no differences are not significant). Then selected the sum (negative or positive differences) that was
greater, and this result is the result of the Wilcoxon test (up to 25 observations). Then, the units are
converted to Z values: Wilcoxon test result (i.e., the highest sum of ranks), the average divided by the
standard deviation. This result is checked in the normal distribution tables [55].

Ho—The results of trial 1 (access at a distance of 300 m) and trial 2 (access at a distance of 300 m
with barriers) are the same/statistically insignificant.

H;—The results of trial 1 (access at a distance of 300 m) and trial 2 (access at a distance of 300 m
with barriers) are statistically significant.

Values read in the program: Z value: 3.724; p = 0.00020 < 0.05 «

Results in the sign test:

Z =4.01p = 0.00006 < 0.05 o 1)

oc —level of significance.
The tests before and after applying the barriers differ from each other with statistical significance.
Introducing barriers did not affect the accessibility of further located larger green areas.

4. Discussion

The selected type of analysis can never provide all the answers to the complex range of problems
with access to green areas. One of the important reasons for undertaking the work was to draw
attention to the problem of urban planning.

The need of green areas’ accessibility is discussed with increasing frequency, e.g., [34,36,40,41,56-59].
The problems are the set of data regarding green areas, the coherence of such data and the absence of
general classification in terms of green space. The data collected by the Central Statistical Office depend
on, e.g., changes in land ownership or quite general and diverse interpretation of the problem over
the years. It poses a major challenge for urban spatial planning and management of green areas [44].
Raw data not subjected to an in-depth analysis can present a false image of the existing situation.
In addition, the interpretation of the term “green areas” in different cities differs, even if they are to
comply with the general definitions used by the Central Statistical Office.

The conducted research placed emphasis only on the generally accessible areas with surface
exceeding 2 ha, in accordance with the ANGSt standards. It is, however, necessary to pay attention
to the fact that, while planning and managing urban space, such areas as arable land or private and
informal green zones should be taken into account. They can constitute an additional place for meetings
and recreation for a wider population, and can also play the role of an ecological passage. Moreover,
smaller areas, e.g., the increasingly popular pocket parks in built-up areas, can represent a good tool in
creating new public spaces [23,60].

The additional problem in conducting the discussed research was the absence of a unified
classification covering green fields for all voivodeship cities. In some of them, the inventory data
concerning urban green areas were missing. This means that there is a need for introducing land use
classes or land cover as the indicators of what green space stands for and, thus, how to combine it
with the rest of ecosystem services. However, as shown by the latest comparative studies carried out
by Kremer et al. [61], due to the differences in urban morphology and its heterogeneity, even such
an approach has its own limitations. As a result, the research that was conducted provides vital
information on urban ecosystem services only in these areas where local or regional measurements
were performed [62].

In addition, spatial data from public statistics are collected only for a municipality or an equivalent
unit and cannot be divided into smaller administrative units (e.g., districts or housing estates), whereas
green space data are primarily important in a local scale. Other researchers also compared various
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information sources about green areas in urban space and came to similar conclusions. For example,
Feltynowski et al. [43] compared satellite imagery with the Lodz public statistics, the national land
surveying agency, Open Street Map and the Urban Atlas, and identified significant differences between
them. They noticed that the most comprehensive set of data from the country is the set from a geodetic
agency, which shows that greenery constitutes 61.2% of the city’s area. In their research, however, they
did not take into account the accessibility to green areas by residents. Similar studies were conducted in
Romania, although, in the case of those cities, official statistics overestimated green areas in comparison
to aerial photographs [44].

Research studies carried out, among others, in China also show that the availability of public parks
for city dwellers is often unevenly distributed. Analyses conducted by Feng et al. [45] were carried
out in parks in Beijing, and the relationship between the availability of city parks and population
distribution at various administrative levels was analysed. The results of their research showed that
the availability of city parks is different at the administrative level and that places with more city
parks usually have more accessibility. Zhang et al. [63] also conducted research related to equal access
of residents to green areas. The results obtained show, similarly to those presented in this article,
that the current planning of urban public greenery using only the ratio of public greenery to urban
land and public greenery per inhabitant is insufficient. Currently, planning of open space areas in
Polish cities is based on a narrow classification used for public statistics purposes, covering formal
green areas managed by the authorities. As in the case of Chinese cities, in Poland, there is also a lack
of information about recreational areas covering smaller ranges (districts or housing estates). It poses
a barrier for green areas’ planning in urban infrastructure and making them accessible to residents.
It also introduces false information about the anticipated needs, e.g., large forest areas located on the
outskirts of cities increase the green areas’ ratio, although they do not fully affect their share in the
accessibility among residents.

The authors concluded that a more consistent approach to green space qualification could turn out
to be helpful for reporting purposes throughout the entire European Union—particularly, unification
of the green area terminology and the approach to private, semi-private and open spaces. In order to
facilitate management and research in the field of green zones, as well as further development of urban
areas, data sets should provide information who exactly is responsible for each space management.
Predominantly, various municipal institutions are interested in those green regions for which they
are formally responsible and, in the situation of poor cooperation between various stakeholders,
they neglect other green areas and connections between them [43,64].

Another question asked by the authors referred to the selection of size and distance from green
areas. Within the framework of the research continuation, it is worth reversing the question—what is
the distance from residential areas to green areas and what is their surface size? The research should
also be extended by the verification of human behaviour—are the residents willing to spend time in
the selected green units?

The ANGSt model does not require assessing the quality components which the conducted
research did not provide information about, e.g., such facilities as car parks or access for persons
with disabilities, as well as proper markings and promotion of the areas. It mainly applies to the
areas distant from the place of residence by 5 km and more. The quality of landscape or the sense of
peace and quiet were not taken into account either. Yet another limitation of this study, at least in
terms of the population pressure model, is the fact that it does not consider the population visiting a
given site but not residing in the analysed region. In terms of the ANGSt model, this fact is irrelevant,
as its requirements were established for the green space at the local level (i.e., up to 10 km from the
place of residence). However, the protected landscapes, and national parks in particular, will always
have visitors, often in large numbers, coming from outside the distance provided for in the ANGSt
model, which can negatively affect the quality of the user experience and also increase the likelihood
of harmful consequences resulting from a high degree of visitor pressure.
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5. Conclusions

The conducted research allowed for formulating the following conclusions:

e  The accessibility assessment of the selected large cities’ residents in Poland to green areas of 2 ha
and more within a 300 m radius does not seem to be good. Based on the applied Accessible
Natural Greenspace Standard (ANGSt) method, it was found to range between 6% and 38%,
with a median of 20.5%. This confirms the first hypothesis—that the residents of large cities have
difficulty accessing public green areas of general public accessibility with an area of 2 ha and
more, located within 300 m distance from a housing estate.

e Detailed analysis based on the Accessible Natural Greenspace Standard (ANGSt) method in
Poland have revealed some of its shortcomings. Namely, determining the buffers of the required
distance from the areas of public green zone, without including spatial barriers, distorts the actual
route of reaching them; the method should be modified to assess the distance from green areas
and take into account existing spatial barriers. In the course of the conducted analyses, it has been
found that the route covered between “the place of residence and the green space” can, in fact,
be much longer. This reduces the quality of life measured by the distance from green spaces of
varying area and, additionally, reduces the share of residents” access to the publicly accessible
green areas.

e  The research revealed changes in the assessment of green areas’ accessibility in the case of the
ANGSt method modification, in particular, regarding the green space located in the close proximity
of residential areas (2 ha surface size, at a distance of 300 m). The detailed analysis of voivodeship
capitals, in terms of the discussed problem, did not present favourable results (the route extension
from 50 m in Gorzow Wielkopolski and Olsztyn, to 450 m in Warszawa, taking into account
spatial barriers, was recorded). At the same time, no changes in the assessment of accessibility
to large-scale urban green areas (500 ha surface size at a distance of 10 km) were observed.
The method modification revealed some of its shortcomings; spatial barriers (rivers, railways,
and communication arteries) are frequently impossible to get through for a mother with a child or
a senior citizen. In turn, extending the route can result in making such distance impossible to
cover on foot.

e The analysis of existing legal acts as well as standards and design guidelines for housing estates
confirms the first thesis, i.e., in Poland, there are no standards defining the distance to the generally
accessible green areas to be met per one resident. Taking into account the accessibility of green
areas, especially the ones in the immediate vicinity, is important for further discussions on
the delimitation of green areas in cities, primarily from the perspective of urban planning and
management of urban green areas in order to provide ecosystem services and ensure adequate
access to these places. Certain works have been undertaken many times; however, due to
the absence of possibility for their implementation, they usually remained within the sphere
of projects.

e  The problems encountered during the research that was conducted in finding the reliable statistical
data also confirmed the second thesis. The data collected by the Central Statistical Office are
insufficient for urban green space planning and management. They should be supplemented by
scientific research for the proper development of urban areas. The problem refers to, e.g., the area
land classified in the Land and Property Register as forest and woodland in cities is not always
used for recreational greenery purposes. The difference between the registered status and the
actual development is often significant. An ongoing update of the land and property records by
means of site visits should be performed. Scientific research introduces some modernization in
space management; therefore, simulations and solutions preceded by the respective analyses of
variants aimed at improving access to the organized forms of recreation would certainly turn out
crucial in this case.
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The research results can be used to determine priorities in the analysed regions as well as identify
the key areas lacking accessibility to green spaces and take them into account in urban spatial policy.

Planned research: The research should be continued and focus on the behaviour of residents
and their willingness to take advantage of green space, and also on determining whether and at what
distance from the place of residence the areas smaller than 2 ha in size (not covered by the presented
research) are located. In addition, the access to green spaces targeted at different age groups remains an
important problem for future research. The authors will conduct relevant analyses taking into account
the needs of younger children, older children, young people, adults and older people within smaller
than 2 ha of generally accessible green areas. Following the above, they intend to analyse access to
playgrounds with various equipment, sports fields, walking areas, open air gyms, walking paths, etc.

Author Contributions: Conceptualization, A.K., M.H. and ].W.; methodology, ] W.; software, ] W.; validation, M.H.
and J.W,; formal analysis, ].W.; investigation, A.K. and ].W.; resources, ].W.; data curation, ].W.; writing—original
draft preparation, ] W.; writing—review and editing, M.H. and ].W.; visualization, ].W.; supervision, M.H.; project
administration, ].W.; and funding acquisition, M.H. All authors have read and agreed to the published version of
the manuscript.

Funding: The research is financed/co-financed under the Leading Research Groups support project from the
subsidy increased for the period 2020-2025 in the amount of 2% of the subsidy referred to Art. 387 (3) of the Law
of 20 July 2018 on Higher Education and Science, obtained in 2019.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sirgy, M.].; Cornwell, T. How neighborhood features affect quality of life. Soc. Indic. Res. 2002, 59, 79-114.
[CrossRef]

2. Weziak-Bialowolska, D. Quality of life in cities—Empirical evidence in comparative European perspective.
Cities 2016, 58, 87-96. [CrossRef]

3. Szumacher, I.; Malinowska, E. Recreation potential of chosen types of urban green spaces. Probl. Landsc. Ecol.
2013, 34, 229-236. (In Polish)

4. Zhang, L.; Tan, P.Y,; Diehl, J.A. A conceptual framework for studying urban green spaces effects on health.
J. Urban Ecol. 2017, 3, 1-13. [CrossRef]

5. Heldak, M.; Raszka, B. Evaluation of the local spatial policy in Poland with regard to sustainable development.
Pol. ]. Environ. Stud. 2013, 22, 395-402.

6. Hansmann, R.; Hug, S.-M.; Seeland, K.; Hansmann, R. Restoration and stress relief through physical activities
in forests and parks. Urban For. Urban Green. 2007, 6, 213-225. [CrossRef]

7. Nielsen, T.A.S.; Hansen, K.B. Do green areas affect health? Results from a Danish survey on the use of green
areas and health indicators. Health Place 2007, 13, 839-850. [CrossRef] [PubMed]

8.  Lennon, M.; Douglas, O.; Scott, M. Urban green space for health and well-being: Developing an “affordances’
framework for planning and design. J. Urban Des. 2017, 22, 778-795. [CrossRef]

9. Baycan-Levent, T.; Nijkamp, P. Urban green space policies: A comparative study on performance
and success conditions in European cities. In Proceedings of the 44th European Congress of
the European Regional Science Association, Porto, Portugal, 25-29 August 2004. Available
online:  https://www.researchgate.net/profile/Tuzin_Baycan/publication/4874463_Urban_Green_Space_
Policies_A_Comparative_Study_on_Performance_and_Success_Conditions_in_European_Cities/links/
02bfe5140ef925eb0f000000/Urban-Green-Space-Policies- A-Comparative-Study-on-Performance-and-
Success-Conditions-in-European-Cities.pdf?origin=publication_detail (accessed on 20 February 2020).

10. Sugimoto, K. Quantitative measurement of visitors’ reactions to the settings in urban parks: Spatial and
temporal analysis of photographs. Landsc. Urban Plan. 2013, 110, 59-63. [CrossRef]

11.  Przybyla, K.; Kulczyk-Dynowska, A.; Kachniarz, M. Quality of life in the regional capitals of Poland.
J. Econ. Issues 2014, 48, 181-196. [CrossRef]

12.  Kazak, J.K,; Chruscinski, J.; Szewrarniski, S. The development of a novel decision support system for the
location of green infrastructure for stormwater management. Sustainability 2018, 10, 4388. [CrossRef]


http://dx.doi.org/10.1023/A:1016021108513
http://dx.doi.org/10.1016/j.cities.2016.05.016
http://dx.doi.org/10.1093/jue/jux015
http://dx.doi.org/10.1016/j.ufug.2007.08.004
http://dx.doi.org/10.1016/j.healthplace.2007.02.001
http://www.ncbi.nlm.nih.gov/pubmed/17392016
http://dx.doi.org/10.1080/13574809.2017.1336058
https://www.researchgate.net/profile/Tuzin_Baycan/publication/4874463_Urban_Green_Space_Policies_A_Comparative_Study_on_Performance_and_Success_Conditions_in_European_Cities/links/02bfe5140ef925eb0f000000/Urban-Green-Space-Policies-A-Comparative-Study-on-Performance-and-Success-Conditions-in-European-Cities.pdf?origin=publication_detail
https://www.researchgate.net/profile/Tuzin_Baycan/publication/4874463_Urban_Green_Space_Policies_A_Comparative_Study_on_Performance_and_Success_Conditions_in_European_Cities/links/02bfe5140ef925eb0f000000/Urban-Green-Space-Policies-A-Comparative-Study-on-Performance-and-Success-Conditions-in-European-Cities.pdf?origin=publication_detail
https://www.researchgate.net/profile/Tuzin_Baycan/publication/4874463_Urban_Green_Space_Policies_A_Comparative_Study_on_Performance_and_Success_Conditions_in_European_Cities/links/02bfe5140ef925eb0f000000/Urban-Green-Space-Policies-A-Comparative-Study-on-Performance-and-Success-Conditions-in-European-Cities.pdf?origin=publication_detail
https://www.researchgate.net/profile/Tuzin_Baycan/publication/4874463_Urban_Green_Space_Policies_A_Comparative_Study_on_Performance_and_Success_Conditions_in_European_Cities/links/02bfe5140ef925eb0f000000/Urban-Green-Space-Policies-A-Comparative-Study-on-Performance-and-Success-Conditions-in-European-Cities.pdf?origin=publication_detail
http://dx.doi.org/10.1016/j.landurbplan.2012.10.004
http://dx.doi.org/10.2753/JEI0021-3624480109
http://dx.doi.org/10.3390/su10124388

Int. |. Environ. Res. Public Health 2020, 17, 4492 15 0f 17

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

De Ridder, K.; Adamec, V.; Bafiuelos, A.; Bruse, M.; Burger, M.; Damsgaard, O.; Dufek, ]J.; Hirsch, J.;
Lefebre, F; Pérez-Lacorzana, J.; et al. An integrated methodology to assess the benefits of urban green space.
Sci. Total Environ. 2004, 334, 489-497. [CrossRef]

Grahn, P; Stigsdotter, U.K. The relation between perceived sensory dimensions of urban green space and
stress restoration. Landsc. Urban Plan. 2010, 94, 264-275. [CrossRef]

Lee, A.C.; Maheswaran, R. The health benefits of urban green spaces: A review of the evidence. J. Public Health
2010, 33, 212-222. [CrossRef] [PubMed]

Richardson, E.A.; Mitchell, R. Gender differences in relationships between urban green space and health in
the United Kingdom. Soc. Sci. Med. 2010, 71, 568-575. [CrossRef] [PubMed]

Nowak, D.J.; Crane, D.E,; Stevens, J.C. Air pollution removal by urban trees and shrubs in the United States.
Urban For. Urban Green. 2006, 4, 115-123. [CrossRef]

Chiesura, A. The role of urban parks for the sustainable city. Landsc. Urban Plan. 2004, 68, 129-138. [CrossRef]
Jim, C.; Chen, W.Y. External effects of neighbourhood parks and landscape elements on high-rise residential
value. Land Use Policy 2010, 27, 662—670. [CrossRef]

Dabrowska-Milewska, G. Urban planning standards for residential areas-chosen issues. Archit. Artibus 2010,
2,17-31. (In Polish)

Regulation of the minister for infrastructure of 12 April 2002 on the technical conditions that shall be met by
buildings and their location. J. Laws 2019. Item 1065. (In Polish)

Khoshtaria, T.; Chachava, N. The planning of urban green areas and its protective importance in resort cities
(case of Georgian resorts). Ann. Agrar. Sci. 2017, 15, 217-223. [CrossRef]

Shafray, E.; Kim, S. A study of walkable spaces with natural elements for urban regeneration: A focus on
cases in Seoul, South Korea. Sustainability 2017, 9, 587. [CrossRef]

Naeem, S.; Cao, C.; Fatima, 1.5.A K.; Najmuddin, O.; Acharya, B.K. Landscape greening policies-based
land use/land cover simulation for beijing and islamabad—An implication of sustainable urban ecosystems.
Sustainability 2018, 10, 1049. [CrossRef]

Xing, Y.; Jones, P.; Donnison, I. Characterisation of nature-based solutions for the built environment.
Sustainability 2017, 9, 149. [CrossRef]

Liu, H.-L.; Shen, Y.-S. The impact of green space changes on air pollution and microclimates: A case study of
the Taipei Metropolitan Area. Sustainability 2014, 6, 8827-8855. [CrossRef]

Ward, C.D.; Parker, C.M.; Shackleton, C. The use and appreciation of botanical gardens as urban green spaces
in South Africa. Urban For. Urban Green. 2010, 9, 49-55. [CrossRef]

Landry, C. The Creative City: A Toolkit for Urban Innovators, 1st ed.; Earthscan: London, UK, 2000; pp. 163-257.
Bardziniska-Bonenberg, T. Changes in the concept of modernity in housing construction in the 20th century
based on the example of Max John in Poznan. In Modernity in Architecture. Transformation-Technology-Identity;
Pallado, J., Ed.; Monograph 6; Faculty of Architecture of the Silesian University of Technology: Gliwice,
Poland, 2012; pp. 19-27. (In Polish)

Kachniarz, T.; Niewiadomski, Z.; Suliga, ]J.; Sumieri, T. Stownik podstawowych poje¢ z dziedziny
planowania przestrzennego. In Nowe Podstawy Prawne Zagospodarowania Przestrzennego; Kachniarz, T.,
Niewiadomski, Z., Eds.; Agencja Wydawnicza Instytutu Gospodarki Przestrzennej i Komunalnej: Warsaw,
Poland, 1994; pp. 109-146.

Piatkowska, K. Ksztattowanie Obiektow i Zespotow Ustugowych; Zieleri i Wypoczynek, Przemystowy Instytut
Elektroniki Branzowy Osrodek Informacji Naukowej, Technicznej i Ekonomicznej: Warsaw, Poland, 1983.
Bartosiewicz, A.; Brzywczy-Kuninska, Z. Urzqdzanie i pielegnacja terendw zieleni; Paristwowe Wydawnictwo
Szkolnictwa Zawodowego: Warsaw, Poland, 1973.

Liu, S.; Zhu, X. Accessibility analyst: An integrated GIS tool for accessibility analysis in urban transportation
planning. Environ. Plan. B Plan. Des. 2004, 31, 105-124. [CrossRef]

Neuvonen, M,; Sievénen, T.; Tonnes, S.; Koskela, T. Access to green areas and the frequency of visits—A case
study in Helsinki. Urban For. Urban Green. 2007, 6, 235-247. [CrossRef]

Oh, K,; Jeong, S. Assessing the spatial distribution of urban parks using GIS. Landsc. Urban Plan. 2007, 82,
25-32. [CrossRef]

Comber, A.; Brunsdon, C.; Green, E. Using a GIS-based network analysis to determine urban greenspace
accessibility for different ethnic and religious groups. Landsc. Urban Plan. 2008, 86, 103-114. [CrossRef]


http://dx.doi.org/10.1016/j.scitotenv.2004.04.054
http://dx.doi.org/10.1016/j.landurbplan.2009.10.012
http://dx.doi.org/10.1093/pubmed/fdq068
http://www.ncbi.nlm.nih.gov/pubmed/20833671
http://dx.doi.org/10.1016/j.socscimed.2010.04.015
http://www.ncbi.nlm.nih.gov/pubmed/20621750
http://dx.doi.org/10.1016/j.ufug.2006.01.007
http://dx.doi.org/10.1016/j.landurbplan.2003.08.003
http://dx.doi.org/10.1016/j.landusepol.2009.08.027
http://dx.doi.org/10.1016/j.aasci.2017.05.009
http://dx.doi.org/10.3390/su9040587
http://dx.doi.org/10.3390/su10041049
http://dx.doi.org/10.3390/su9010149
http://dx.doi.org/10.3390/su6128827
http://dx.doi.org/10.1016/j.ufug.2009.11.001
http://dx.doi.org/10.1068/b305
http://dx.doi.org/10.1016/j.ufug.2007.05.003
http://dx.doi.org/10.1016/j.landurbplan.2007.01.014
http://dx.doi.org/10.1016/j.landurbplan.2008.01.002

Int. |. Environ. Res. Public Health 2020, 17, 4492 16 of 17

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.
47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Omer, I. Evaluating accessibility using house-level data: A spatial equity perspective. Comput. Environ.
Urban Syst. 2006, 30, 254-274. [CrossRef]

Wolch, J.; Wilson, ]J.P,; Fehrenbach, J. Parks and park funding in Los Angeles: An equity-mapping analysis.
Urban Geogr. 2005, 26, 4-35. [CrossRef]

Omer, I; Or, U. Distributive environmental justice in the city: Differential access in two mixed Israeli cities.
J. Econ. Soc. Geogr. 2005, 96, 433—443. [CrossRef]

Smoyer-Tomic, K.E.; Hewko, J.N.; Hodgson, J. Spatial accessibility and equity of playgrounds in Edmonton,
Canada. Can. Geogr. 2004, 48, 287-302. [CrossRef]

Hewko, J.; Smoyer-Tomic, K.E.; Hodgson, M.]. Measuring neighbourhood spatial accessibility to urban
amenities: Does aggregation error matter? Environ. Plan. A Econ. Space 2002, 34, 1185-1206. [CrossRef]
Hoffimann, E.; Barros, H.; Ribeiro, AL Socioeconomic inequalities in green space quality and
accessibility—Evidence from a Southern European city. Int. J. Environ. Res. Public Health 2017, 14, 916.
[CrossRef]

Feltynowski, M.; Kronenberg, J.; Bergier, T.; Kabisch, N.; Laszkiewicz, E.; Strohbach, M. Challenges of urban
green space management in the face of using inadequate data. Urban For. Urban Green. 2018, 31, 56—66.
[CrossRef]

Badiu, D.L.; Ioja, C.L; Patroescu, M.; Breuste, J.; Artmann, M.; Nita, M.R.; Gradinaru, S.R.; Hossu, C.A.;
Onose, D.A. Is urban green space per capita a valuable target to achieve cities” sustainability goals? Romania
as a case study. Ecol. Indic. 2016, 70, 53—-66. [CrossRef]

Feng, S.; Li, ].; Sun, R.; Feng, Z.; Li, ].; Khan, M.S,; Jing, Y. The distribution and accessibility of Urban Parks in
Beijing, China: Implications of social equity. Int. . Environ. Res. Public Health 2019, 16, 4894. [CrossRef]
Central Statistical Office of Poland (GUS) (2020). Available online: http:/www.gus.pl/ (accessed on 6 May 2019).
The Act on Nature Conservation. J. Laws 2004. No. 92 Item 880. (In Polish)

Nieuwenhuijsen, M.].; Khreis, H.; Triguero-Mas, M.; Gascon, M.; Dadvand, P. Fifty Shades of Green: Pathway
to healthy urban living. Epidemiology 2017, 28, 63-71. [CrossRef] [PubMed]

Bosch, M.V.D.; Nieuwenhuijsen, M.]. No time to lose—Green the cities now. Environ. Int. 2017, 99, 343-350.
[CrossRef]

Marmot, M. Sustainable Development: The Key to Tackling Health Inequalities; Sustainable Development
Commission: London, UK, 2010; Available online: http://www.sd-commission.org.uk/publications.php@id=
1053.html (accessed on 22 March 2020).

Mitchell, R.; Popham, F. Effect of exposure to natural environment on health inequalities: An observational
population study. Lancet 2008, 372, 1655-1660. [CrossRef]

Nieuwenhuijsen, M.; Khreis, H. Car free cities: Pathway to healthy urban living. Environ. Int. 2016, 94,
251-262. [CrossRef] [PubMed]

Report 2007: An Analysis of Accessible Natural Greenspace Provision in the South East. Available online:
http://www.forestry.gov.uk/southeastengland (accessed on 18 March 2020).

La Rosa, D. Accessibility to greenspaces: GIS based indicators for sustainable planning in a dense urban
context. Ecol. Indic. 2014, 42, 122-134. [CrossRef]

Kerby, D.S. The simple difference formula: Anapproach to teaching nonparametric correlation. Compr. Psychol.
2014, 3, 11. [CrossRef]

Chen, Z.; Xu, B.; Gao, B. Assessing visual green effects of individual urban trees using airborne Lidar data.
Sci. Total Environ. 2015, 536, 232-244. [CrossRef]

Capotorti, G.; Del Vico, E.; Anzellotti, I.; Celesti-Grapow, L. Combining the conservation of biodiversity with
the provision of ecosystem services in urban green infrastructure planning: Critical features arising from a
case study in the Metropolitan Area of Rome. Sustainability 2016, 9, 10. [CrossRef]

Korwel-Lejkowska, B.; Topa, E. Accessibility of urban parks, as elements of green infrastructure in Gdarsk.
Rozwdj Regionalny I Polityka Regionalna 2017, 37, 63-75. (In Polish) [CrossRef]

Landor-Yamagata, J.L.; Kowarik, I.; Fischer, L.K. Urban foraging in Berlin: People, plants and practices
within the metropolitan green infrastructure. Sustainability 2018, 10, 1873. [CrossRef]

Noszczyk, T.; Hernik, J. Understanding the cadastre in rural areas in Poland after the socio-political
transformation. J. Spat. Sci. 2019, 64. [CrossRef]


http://dx.doi.org/10.1016/j.compenvurbsys.2005.06.004
http://dx.doi.org/10.2747/0272-3638.26.1.4
http://dx.doi.org/10.1111/j.1467-9663.2005.00474.x
http://dx.doi.org/10.1111/j.0008-3658.2004.00061.x
http://dx.doi.org/10.1068/a34171
http://dx.doi.org/10.3390/ijerph14080916
http://dx.doi.org/10.1016/j.ufug.2017.12.003
http://dx.doi.org/10.1016/j.ecolind.2016.05.044
http://dx.doi.org/10.3390/ijerph16244894
http://www.gus.pl/
http://dx.doi.org/10.1097/EDE.0000000000000549
http://www.ncbi.nlm.nih.gov/pubmed/27525811
http://dx.doi.org/10.1016/j.envint.2016.11.025
http://www.sd-commission.org.uk/publications.php@id=1053.html
http://www.sd-commission.org.uk/publications.php@id=1053.html
http://dx.doi.org/10.1016/S0140-6736(08)61689-X
http://dx.doi.org/10.1016/j.envint.2016.05.032
http://www.ncbi.nlm.nih.gov/pubmed/27276440
http://www.forestry.gov.uk/southeastengland
http://dx.doi.org/10.1016/j.ecolind.2013.11.011
http://dx.doi.org/10.2466/11.IT.3.1
http://dx.doi.org/10.1016/j.scitotenv.2015.06.142
http://dx.doi.org/10.3390/su9010010
http://dx.doi.org/10.14746/rrpr.2017.37.06
http://dx.doi.org/10.3390/su10061873
http://dx.doi.org/10.1080/14498596.2017.1404500

Int. |. Environ. Res. Public Health 2020, 17, 4492 17 of 17

61.

62.

63.

64.

Kremer, P; Hamstead, Z.; Haase, D.; McPhearson, T.; Frantzeskaki, N.; Andersson, E.; Kabisch, N.;
Larondelle, N.; Rall, E.L.; Voigt, A.; et al. Key insights for the future of urban ecosystem services research.
Ecol. Soc. 2016, 21, 21. [CrossRef]

Haase, D.; Larondelle, N.; Andersson, E.; Artmann, M.; Borgstrom, S.; Breuste, J.; Gémez-Baggethun, E.;
Gren, A.; Hamstead, Z.; Hansen, R.; et al. A quantitative review of urban ecosystem service assessments:
Concepts, models, and implementation. AMBIO 2014, 43, 413-433. [CrossRef] [PubMed]

Zhang, J.; Cheng, Y.; Wei, W.; Zhao, B. Evaluating spatial disparity of access to public parks in gated and
open communities with an improved G2SFCA model. Sustainability 2019, 11, 5910. [CrossRef]

Kronenberg, J.; Pietrzyk-Kaszyniska, A.; Zbieg, A.; Zak, B. Wasting collaboration potential: A study in urban
green space governance in a post-transition country. Environ. Sci. Policy 2016, 62, 69-78. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

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


http://dx.doi.org/10.5751/ES-08445-210229
http://dx.doi.org/10.1007/s13280-014-0504-0
http://www.ncbi.nlm.nih.gov/pubmed/24740614
http://dx.doi.org/10.3390/su11215910
http://dx.doi.org/10.1016/j.envsci.2015.06.018
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Area 
	Research Methods 

	Results 
	Descriptive Statistics 
	Accessible Natural Greenspace Standard 
	Spatial Barriers 

	Discussion 
	Conclusions 
	References

