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Abstract: Recreational and leisure areas play a special role. These areas mitigate or eliminate the disadvantages
of living in large cities, and they enhance the quality of life in small towns. The aim of this study was to analyze
the share of recreational and leisure areas in Polish counties in 2022. In Poland, recreational and leisure areas
constitute a separate land-use category in cadastral registers. Annual cadastral data from the Land and
Building Register at county level (in tabular form) were the main source of data for the study. The analysis
revealed that the share of recreational and leisure areas was higher in counties situated in western and south-
western Poland, as well as in cities. The spatially varied influence of socioeconomic factors on the share of
recreational and leisure areas in Polish counties in 2002 was determined with the use of local Moran's I statistic
and geographically weighted regression (GWR). The study confirmed that population density was significantly
related to the share of recreational and leisure areas in Polish counties. The impact of the remaining
socioeconomic factors associated with spatial and economic development varied across regions. The study also
revealed that in addition to the current socioeconomic determinants, the share of recreational and leisure areas
in Polish counties was also influenced by historical factors and the counties' development since their
establishment.
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1. Introduction

Recreation and leisure have many definitions. Leisure is usually associated with time that is free
from the demands of work, household duties, and other responsibilities of daily life. In turn,
recreation denotes activities that are undertaken voluntarily in free time [1-3]. Research has shown
that leisure and recreation can deliver physical, mental, and social benefits. Outdoor recreational
activities improve physical health, exert therapeutic effects, alleviate stress, help individuals cope
with negative life events, overcome disease and disability, and contribute to the management and
prevention of obesity [4-12].

Areas dedicated to recreation and leisure promote daily relaxation, improve physical and mental
health, and alleviate or eliminate daily stress. These areas play a particularly important role in large
cities, where high-density development has a negative impact on the quality of life [13-17].

Recreational and leisure areas contribute to spatial order, and they are responsible for the unique
character and ambience of cities, towns, and residential districts. These areas include both public
spaces and private property, in particular those that have been designed for sightseeing and touring
natural and historical monuments. Recreational and leisure areas also include allotment gardens in
cities, where residents can relax after work and reduce stress from daily life [18-20].

The significance of recreational and leisure areas was particularly recognized during the
COVID-19 pandemic. These areas attracted considerable public interest because they promoted
relaxation during this period of restricted social mobility and delivered economic benefits by
enabling residents to grow their own food in allotment gardens. Recreational and leisure areas
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provided important ecosystem services, delivered health benefits, promoted physical activity, and
enabled users to overcome the psychological and physical burden of the pandemic [12,19,21-27].

Rapid urbanization and the associated changes in land cover and land use pose a significant
threat to biodiversity. Industrialization decreases the size of agricultural land and forests which are
transformed to densely developed areas. These changes are monitored by many research teams [28—
31], and various risks associated with changes in land cover have been identified. Above all, these
processes decrease biodiversity, lead to changes in groundwater levels, the quality of surface water,
terrain, and microclimate, contribute to soil erosion, and pose a threat to human health [32—40].

Research into changes in land cover and land use generates information that gives serious cause
for concern, but it also increases the public's awareness about the potential risks associated with these
processes and increases public support for measures aiming to preserve the ecological balance and
promote sustainable development. Stakeholders play an important role in preventing adverse
changes in land use [41-45].

Due to the rise in environmental and social awareness, degraded areas are increasingly often
reclaimed and converted to recreational sites. In the literature, there are numerous examples of
defunct mines, industrial sites, and landfills that have been reclaimed or scheduled for reclamation
to restore their biological diversity and multifunctional landscapes. Abandoned mines and industrial
sites are converted to water reservoirs, parks, and industrial tourism zones. The unique features of
former industrial sites are often preserved in the architectural design of the newly created
recreational areas that provide artistic, cultural, and educational services [45-55].

Similar processes can be observed in Eastern Europe, including in Poland, where new land
management options became available after Poland had joined the European Union (EU) in 2004.
These processes were accelerated by changes in construction and spatial planning laws, the
introduction of social and civic projects, and, above all, the acquisition of EU funds. For example, the
Infrastructure and Environment Program was implemented to promote the development of technical
infrastructure, to protect and restore the natural environment, to protect public health, to preserve
cultural identity, and to promote territorial cohesion [18,56—60]. Rising income levels increased the
demand for recreational and leisure areas and prompted Polish citizens to invest in their health. These
processes induced changes in land use, and abandoned land, including farmland, was converted to
recreational use [61-64].

Geographic Information System (GIS) tools play an important role in research on recreational
and leisure areas. These tools can be used to obtain information about the spatial distribution,
structure, and availability of recreational areas [65-69]. This category of tools includes participatory
GIS (PGIS) systems which provide access to information about land planned for recreational use and
the needs of its users [70-72].

Geographically weighted regression (GWR) is one of the methods that are used in research
studies examining the spatial attributes of recreational and leisure areas [73]. Kim and Nicholls [74,75]
relied on GWR to examine social and demographic factors that are linked with access to public
beaches in the Detroit metropolitan area. This method was also used to identify factors that affect
roadside campgrounds in the Adirondack Park in New York, USA [76]. Wei et al. [77] analyzed
factors that influence the distribution of green spaces in the Nanjing metropolitan area in China. In
turn, Xu et al. [78] evaluated the impact of various socioeconomic factors on the distribution of green
spaces in the Munich region in southern Germany. Lin et al. [79] relied on GWR to determine the
influence of spatially diverse socioeconomic factors on access to parks in Fuzhou, China. Li and Liu
[80] analyzed the effects of socioeconomic disadvantage on the availability of recreational and leisure
areas in cities on the example of Shanghai (China). Shen et al. [81] used the GWR approach to assess
spatial variation in the socioeconomic factors that affect the availability and spatial distribution of
sports facilities in Nanning City in China.

Recreational and leisure areas significantly influence the quality of life, in particular in cities,
and they are a highly interesting topic of study. Therefore, the main aim of this study was to
determine the influence of various socioeconomic factors on the share and spatial distribution of
recreational and leisure areas in Polish counties in 2022. The variables that determine the share of
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recreational and leisure areas in Polish counties were identified based on a review of the literature,
and they are presented in Table 1.

Table 1. Variables determining the share of recreational and leisure areas in Polish counties in 2022.

Variable Abbreviation Unit References
Population density Pop_Density Persons/km2  [18,74,82-84]
Residential buildings and Number of
residential-commercial buildings Buildings . [82,83,85,86]
buildings

with at least one apartment
Local spatial development plans* Local_sp_dev _plan Areainha  [18,83,87-89]

Income per capita Income PLN [77,89-91]
EU funds for financing EU
programs and projects in 2011- EU_Funds Total in PLN [92-94]
2021
* Based on the Spatial Management Act of 7 July 1994 and the Act of 27 March 2003 on Spatial Planning and

Management.
2. Materials and Methods

2.1. Study area

The study was conducted in Poland, a country in Central-Eastern Europe with an area of 322,000
km?2 and a population of 37.6 million (based on 2022 data). Poland joined the EU in 2004, and it is the
fifth most populous country in the EU [95]. The neighboring countries are Germany in the west,
Czechia and Slovakia in the south, Ukraine and Belarus in the east, and Lithuania in the north-east.
Poland also shares a border with Russia (Kaliningrad Oblast) in the north. Norther Poland has access
to the Baltic Sea (Figure 1). A three-tier system of territorial administration was introduced in Poland
in 1999. Poland is divided into 16 voivodeships, 380 counties, including 66 cities and 2477
municipalities. The present study was conducted at the level of counties (Polish: powiat, second-level
unit of administration in Poland) due to the availability of Land and Building Register data and
socioeconomic indicators [97].
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Figure 1. Location and administrative division of Poland based on the Register of Administrative
Boundaries kept by the Head Office of Geodesy and Cartography (GUGIK) and Statistics Poland data.

2.2. Data sources

Land cover data for research purposes are generally acquired with the use of remote sensing
methods. Remote sensing data are not highly useful for analyzing changes in land use, in particular
in recreational and leisure areas which are characterized by diverse land-use types and include a
large number of areas with a small size.

The main source of data for this study were annual data from the Land and Building Register
(Polish cadastral data) which are published by Statistics Poland and the Head Office of Geodesy and
Cartography (GUGIK) on the national geoportal [98]. These data are compiled at every level of
territorial administration, including municipalities, counties, voivodeships, as well as at country
level. Land is classified into various land-use categories in the Land and Building Register.
Recreational and leisure areas were defined as a separate land-use category in the Regulation of the
Minister of Economic Development and Technology of 27 July 2021 on the Land and Building
Register. Recreational and leisure areas include the following categories of non-built-up land:

Holiday resorts, playgrounds for children, beaches, managed parks, green squares, and pocket
parks (physically separated from roads);

Historical areas such as castle ruins, fortified settlements, burial mounds, and natural
monuments;
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Sports grounds such as stadiums, playing fields, ski jumping hills, toboggan runs, shooting
ranges, bathing areas, and golf courses;

Attraction parks such as funfairs and amusement parks;

Zoological and botanical gardens;

Unmanaged green spaces that are not classified as forests, woodland, or shrubland;

Allotment gardens on land that is not suitable for agricultural production, including forests,
woodland, and shrubland [99].

Annual data for 2022, including information about the area of various land-use types (in ha) in
Polish counties (separately for urban and rural areas) and land ownership, were obtained from the
national geoportal in xls format with the use of a Python script. This tool was used to automatically
extract information about recreational and leisure areas in Polish counties without opening the
downloaded files. In addition, changes in the size of recreational and leisure areas in Polish
voivodeships were determined between 2002 and 2022.

Socioeconomic data were obtained in the form of MS Excel spreadsheets from the Local Data
Bank kept by Statistics Poland [97]. Statistics Poland publishes data for all three levels of territorial
administration, but comprehensive information is not always provided at county level, which limited
the availability of data for the study. Five variables were used in the analysis:

Population density (Pop_Density),

Number of residential buildings and residential-commercial buildings with at least one
apartment (Buildings),

Area covered by local spatial development plans (Local_sp_dev _plan),

Income per capita (Income),

EU funds for financing EU programs and projects in 2011-2021 (EU_Funds).

Descriptive statistics were calculated for all variables (Table 2).

Table 2. Descriptive statistics for socioeconomic factors

) ) Statistics
Socioeconomic factors — - :

Minimum Median Average Maximum

Pop_Density 18 90 358 3602

Buildings 2439 14497 17846.2 99190

Local_sp_dev _plan 299 14 819 26 056 136113

Income 5273 6399 6760 19462

EU_Funds 0 10921795.215 18694684.2  268898723.5

The variables were used in detailed analyses.

2.3 Methods

Spatial variation in the share of recreational and leisure areas in Polish counties was analyzed
using GIS tools available in ArcGIS 10.8 software. Clusters of counties with a high and low
concentration of recreational and leisure areas in 2022 were identified with the use of local Moran's I
statistic.

Local Moran's I is a local spatial autocorrelation statistic that is applied to identify clusters of
high and low values in the analyzed spatial units and the neighborhood [100,101]. Local Moran's I
was calculated in each county from the following equations:

xi—X —
Ii = == Yoy jzi Wi, (x5 — X)), )
1A

where: xi is an attribute of feature i; X is the mean value of the corresponding attribute; w i j is the
spatial weight between features i and j;
and:

doi:10.20944/preprints202310.1645.v1
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where n is the total number of features. The tool calculates local Moran's I, the z-score, the pseudo p-

value, and a code representing the type of cluster for each statistically significant feature. Z-scores

and pseudo p-values denote the statistical significance of the computed indices.

The values of local Moran's I range from -1 to 1. The closer the value of local Moran's I is to 1,
the greater the significance of positive clustering (hot spot when a high value is surrounded by high
values, or cold spot when a low value is surrounded by low values). The closer the value of local
Moran's L is to -1, the greater the significance of negative clustering (a high value surrounded by low
values, or a low value surrounded by high values) [102].

Global ordinary least squares (OLS) regression was used to determine the global and spatially
stationary influence of demographic, social, and economic factors on the share of recreational and
leisure areas in Polish counties [103,104]. The global OLS regression model was calculated from the
following equation:

n
yi=PBo+ Zﬁj Xij + &, 3)
=1

where: yi is the ith observation of the dependent variable; 30 is a constant term; {3j is the relationship
between independent variables xij and y for the set of i locations, and «i is the error associated with
location i.

The influence of demographic, social, and economic factors on the spatial distribution of
recreational and leisure areas in Polish countries was also assessed with the use of GWR. This
technique is used to detect local variations in the spatial distribution of variables that affect the
analyzed phenomenon. GWR is an extension of the global regression model, and it was applied to
estimate the local influence of demographic, social, and economic factors on the share of recreational
and leisure areas in Polish countries. This method can be used to examine the spatial relationships
between the modeled variables and to identify patterns. The GWR model was expressed by the
following equation:

yi = Bo(wi, vi) + Xi=q B; (W, vi)xij + €, 4)

where: yi is the dependent variable; i is the analyzed voivodeship; 30 (ui, vi) is the location of the ith
voivodeship; (j(ui, vi) is the regression parameter j of the ith observation which is a function of
geographical location; xij is the independent variable, and i is the random error of the ith
voivodeship [105-107].

The data processing procedure is presented in a flowchart in Figure 2.
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Figure 2. Flowchart of the analysis of the share of recreational and leisure areas in Polish counties in
2022.
3. Results

3.1. Changes in the share of recreational and leisure areas in Polish voivodeships in 2002-2022

Recreational and leisure areas have a small share of Poland's total area and the area of Polish
voivodeships. In 2022, these areas occupied 39,396 ha and accounted for only 0.22% of Poland's total
area. The share of recreational and leisure areas was highest in the voivodeship of Silesia which was
also characterized by the greatest increase in the above parameter in the last 20 years. The share of
recreational and leisure areas was also high in the voivodeships of Lower Silesia and Opole. In the
remaining voivodeships, the examined parameter did not exceed 0.3% of their area. With the
exception of Silesia, no significant changes in the share of recreational and leisure areas in Polish
voivodeships were noted between 2002 and 2022, although a growth trend was observed (Figure 3).
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Figure 3. The share of recreational and leisure areas in Polish voivodeships in 2002-2022 based on
Statistics Poland data.

An analysis of recreational and leisure areas in the urban and rural areas of Polish voivodeships
revealed that in 2019-2022, the studied parameter was highest in cities in the voivodeships of Silesia,
L6dz, and Mazovia (Figure 4). Similar observations were made in the voivodeships of Lower Silesia,
Kuyavia-Pomerania, Lublin, and Malopolska. In the remaining voivodeships, the share of
recreational and leisure areas was higher in rural areas, in particular in the voivodeships of Opole,
Wielkopolska, and Lubusz. A reverse trend was noted in two voivodeships, where the share of
recreational and leisure areas increased in urban areas in Swigtokrzyskie and in rural areas in
Podkarpacie.
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Figure 4. Structure of recreational and leisure areas in the urban and rural areas of Polish
voivodeships in 2019-2022 based on Statistics Poland data.

3.2 Share of recreational and leisure areas in Polish counties in 2022

In 2022, the share of recreational and leisure areas in Polish counties was higher in the western
and south-western parts of the country (Figure 5). The studied parameter was also higher in cities
with county rights (urban counties) in all of Poland. The share of recreational and leisure areas was
highest in the urban counties of Chorzéw (more than 19%), Siemianiowice Slaskie, and
Swigtochtowice (more than 11% each) which are part of the Upper Silesian Metropolitan Area in
Silesian voivodeship [108]. The analyzed parameter was lowest (approx. 0.02%) in the counties of
Siedlce, Ostroteka, and Przasnysz in the eastern and northern parts of Mazovian voivodeship.
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Figure 5. Share of recreational and leisure areas in Polish counties in 2022 based on Land and Building
Register data.

3.3 Clusters of recreational and leisure areas in Polish counties in 2022

Local Moran's I statistic was used to identify the spatial concentration of recreational and leisure
areas in Polish counties in 2022. The results of the spatial autocorrelation analysis are presented in
Figure 6. A cluster of counties with a high share of recreational and leisure areas was identified in the
Upper Silesian Metropolitan Area in Silesian voivodeship. A somewhat smaller cluster was noted in
the Tricity metropolitan area (Gdansk-Sopot-Gdynia) in Pomeranian voivodeship. Larger clusters of
counties with a small share of recreational and leisure areas were observed in central and eastern
Poland in the voivodeships of Mazovia, Kuyavia-Pomerania, Warmia and Mazury, and Podlasie.
Clusters of counties with a small share of recreational and leisure areas were also identified in the
voivodeships of £6dz, Swietokrzyskie, and Lublin. Counties with high, statistically significant,
values of the analyzed parameter surrounded by counties with a low share of recreational and leisure
areas were also determined in urban counties in central Poland, including Czestochowa, Radom,
Biatystok, Suwalki, Siedlce, and Zamosc¢.
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Figure 6. Clusters of Polish counties with a high and low share of recreational and leisure areas in
2022.

3.4. Global and local models of the share of recreational and leisure areas in Polish counties in 2022

The global OLS regression model explaining the influence of selected variables on the share of
recreational and leisure areas in Polish counties in 2022 was estimated (Table 3). In the global model,
the coefficient of determination (R2) reached 0.6329, adjusted R2 reached 0.6280, and the Akaike
Information Criterion (AIC) reached 1110.115. These results are satisfactory, and they point to
significant relationships between socioeconomic variables and the share of recreational and leisure
areas in counties. Four of the six analyzed variables were statistically significant (p < 0.01). Positive
relationships were observed for population density (Pop_Density) and local zoning plans
(Local_sp_dev _plan), which could be attributed to the fact that the demand for recreational areas
tends to be higher in regions with high population density, as well as the fact that this demand is
taken into consideration in local zoning plans. A negative relationship was noted between the share
of recreational and leisure areas in counties and the number of buildings (Buildings).

Table 3. Estimation of the global model

Variable Coefficient Standard Error t-Value p-Value
Pop_Density 1.4006 0.0679 20.6021 p-value <0.01
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Buildings -0.2749 0.0620 -4.4309 p-value <0.01
Local_sp_dev _plan 0.1346 0.0629 2.1383 p-value <0.01
Income -0.0306 0.0654 -0.4384 0.8136
EU_Funds -0.0441 0,0560 -0.7880 0.2544

The results of the analysis involving the GWR model are presented in a map in Figure 7. The
local models' fit to empirical data was determined based on the coefficient of determination. The
influence of local independent variables on the share of recreational and leisure areas in Polish
counties and the effect size of the identified relationships are presented in Figures 8-12. [111,112]. In
the GWR model, R2 was determined at 0.8004, adjusted R2 reached 0.7702, and AIC reached 954.0272,
which suggests that local models based on the GWR technique are characterized by a higher goodness
of fit. Higher values of R2 point to a greater explanatory power of the regression model, and lower
values of AIC indicate that the model better fits the observed data. A GWR model with an adaptive
kernel function was used due to changes in the density of observations. The resulting AIC was lower
than that noted in a GWR model with a fixed kernel function (957.4852).

The accuracy of the GWR model in estimating the influence of local socioeconomic factors on
the share of recreational and leisure areas in Polish counties was characterized by spatial variation
(Figure 6). The analyzed parameters were most accurately estimated in western Poland, in particular
in the voivodeships of Lubusz, Wielkopolska, in some counties of Kuyavia-Pomerania, Western
Pomerania, and Lower Silesia, as well as in the counties along the borders of the voivodeships of
Mazovia, Lublin, and Swie;tokrzyskie.

doi:10.20944/preprints202310.1645.v1
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Figure 7. Coefficients of determination in local models estimating the share of recreational and leisure
areas in Polish counties in 2022.

GWR coefficients describing spatial variation in the relationships between the share of
recreational and leisure areas in Polish counties in 2022 and socioeconomic variables (Table 4) point
to positive relationships with population density and the area covered by local zoning plans. In most
cases, the number of residential and residential-commercial buildings, EU funds for financing EU
programs and projects in 2011-2021, and the distance from regional capitals were negatively
associated with the analyzed parameter. Income per capita had a varied influence on the share of
recreational and leisure areas in Polish counties, and this variable assumed both positive and negative
values.

Table 4. Summary of GWR coefficients describing spatial variation in the relationships between the
share of recreational and leisure areas in Polish counties [%] and socioeconomic factors

Socioeconomic factors Minimum Median Average Maximum
Pop_Density 0.1093 1.0965 1.2167 2.4514
Buildings -0.5213 -0.1736 -0.2021 0.0443
Local_sp_dev _plan -0.0352 0.0341 0.1382 0.6522

Income -0.7624 0.0448 0.0691 1.2134
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EU_Funds -0.4580 -0.0130 -0.0397 0.1614

Population density (Pop_Density) exerted the strongest influence on the share of recreational
and leisure areas in Polish counties in 2022. The higher the population density, the greater the share
of recreational and leisure areas (Figure 7). A significant relationship between the share of
recreational and leisure areas and population density was noted in the vast majority of counties,
excluding in the voivodeships of Warmia and Mazury, and Podlasie in northern Poland. The above
relationship was strongest in the voivodeships of Opole, Silesia and Malopolska in southern Poland,
in the southern parts of £6dz and Swigtokrzyskie voivodeships, in the eastern part of Lower Silesian
voivodeship, and in Western Pomeranian voivodeship in north-western Poland.

In Silesian voivodeship, the strong relationship between the above parameters is consistent with
the presence of a cluster of counties with a high share of recreational and leisure areas in the Upper
Silesian conurbation. The weakest relationship was noted in north-eastern Poland, where a cluster of
counties with a low share of recreational and leisure areas was identified. This relationship can be
explained by the fact that Warmia and Mazury, and Podlasie are Polish voivodeships with the lowest
population density. Population density is highest in the voivodeships of Silesia and Matopolska.

R
“ UK
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Pop_Density coefficient
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Figure 8. Value (a) and significance (b) of the effect size of the relationship between population density
(Pop_Density) and the share of recreational and leisure areas in Polish counties in 2022.

The number of residential and residential-commercial buildings (Buildings) had a negative
influence on the share of recreational and leisure areas in Polish counties in 2022. The lower the
number of buildings, the greater the share of recreational and leisure areas, which is an expected
result because recreational and leisure areas occupy non-built-up areas. This variable exerted a
significant effect in the voivodeships of Opole, Silesia, and Matopolska in southern Poland, in some
counties in Podkarpacie voivodeship, in the voivodeships of £.6dz, Swigtokrzyskie, Mazovia, and
Kuyavia-Pomerania, and in northern Poland in the voivodeships of Pomerania and Warmia and
Mazury, and in the eastern part of the West Pomeranian voivodeship (Figure 9). The analyzed
relationship was strongest in the voivodeships of Silesia and Matopolska in southern Poland, in the
neighboring voivodeships of Swietokrzyskie, £.6dz, and Opole, as well as in several counties located
on the Baltic coast in northern Poland.
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Figure 9. Value (a) and significance (b) of the effect size of the relationship between the number of
residential and residential-commercial buildings (Buildings) and the share of recreational and leisure
areas in Polish counties in 2022.

Another variable, the area covered by local spatial development plans (Local_sp_dev _plan),
was significantly related to the share of recreational and leisure areas in Polish counties situated in
the voivodeships of Opole, Silesia, and Matopolska in southern Poland, and in some counties situated
in the voivodeships of Lédz, éwietokrzyskie, Podkarpacie, and Lower Silesia (Figure 10). The
strongest positive influence of this variable was also observed in this region. The above implies that
the greater the area covered by local zoning plans, the higher the share of recreational and leisure
areas in a given county. Local zoning plans introduce spatial order by promoting cohesive
architecture and landscape, including in recreational and leisure areas which exert a positive effect
on the residents' physical and mental health.
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Figure 10. Value (a) and significance (b) of the effect size of the relationship between local spatial
development plans (Local_sp_dev _plan) and the share of recreational and leisure areas in Polish
counties in 2022.

Income per capita (Income) was significantly related to the share of recreational and leisure areas
in Polish counties, and both positive and negative relationships were observed in different parts of
the country (Figure 11). A negative influence of this variable was noted in southern Poland in the
voivodeships of Silesia and Matopolska, and in selected counties in the voivodeships of Opole, L.6dz,
Swietokrzyskie, Podkarpacie, and Lower Silesia. In these counties, the lower the income per capita,
the higher the share of recreational and leisure areas. In turn, a positive influence was observed in
northern Poland in the voivodeships of Warmia and Mazury, Pomerania, and Kuyavia-Pomerania,
and in the northern parts of the voivodeships of Podlasie, Mazovia, and Wielkopolska. In these
counties, the higher the income per capita, the higher the share of recreational and leisure areas. These
seemingly contradictory trends can be linked with population density which is significantly higher
in the voivodeships of Silesia, Matopolska, and Lower Silesia in southern Poland. These voivodeships
are also the most developed Polish regions (after the Warsaw region), and most land is zoned for
non-recreational use. A positive influence of income per capita on the analyzed parameter in northern
Poland implies that higher-income counties can afford to implement solutions that improve the
quality of life, including recreational and leisure areas.

Income coefficient
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Figure 11. Value (a) and significance (b) of the effect size of the relationship between income per capita
(Income) and the share of recreational and leisure areas in Polish counties in 2022.

A significant negative relationship between EU funds for financing EU programs and projects
in 2011-2021 (EU_Funds) and the share of recreational and leisure areas was observed in a small
number of counties in the voivodeships of Opole and Silesia, and in the southern parts of £.6dz and
Swietokrzyskie voivodeships (Figure 12). This variable exerted a negative effect, which implies that
the lower the value of EU funds, the higher the share of recreational and leisure areas in those
counties. The purpose of EU funds is to reduce socioeconomic differences between European
countries and regions, and to increase the competitiveness of the EU Member States and the EU on
the global market. Therefore, regions with a less developed economy or infrastructure and a lower
share of recreational and leisure areas, such as Lublin voivodeship, receive more funding for projects
and investments than, for example, Silesian voivodeship which ranks second in terms of economic
development and GDP in Poland. However, some less developed and less populated regions that
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receive less funding for EU programs and projects, such as Opole voivodeship, are characterized by
a high share of recreational and leisure areas in counties.
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Figure 12. Value (a) and significance (b) of the effect size of the relationship between EU funds for
financing EU programs and projects in 2011-2021 (EU_Funds) and the share of recreational and leisure
areas in Polish counties in 2022.

4. Discussion and Conclusions

The aim of this study was to empirically verify the influence of selected socioeconomic variables
on the share of recreational and leisure areas in Polish counties in 2022. The analysis was conducted
with the use of the GWR method and local Moran's I statistic. These methods have been validated by
other researchers [13,78-81] who reported that local models are more effective than the global OLS
regression model in explaining non-stationary spatial phenomena, including factors that affect the
share of recreational and leisure areas.

The study demonstrated that recreational and leisure areas play a vital role in local development.
These areas not only contribute to human health [7,9,10], but also promote economic growth and
spatial planning, which is why they constitute a separate land-use category in public registers,
including the Land and Building Register [99]. The statistical analysis revealed that the share of
recreational and leisure areas in Polish counties remained fairly stable in the last 20 years, with a
certain growth trend. Despite the fact that Poland experienced profound socioeconomic changes in
recent decades, in particular after joining the EU in 2004, recreational and leisure areas have not been
considerably reduced. However, these areas experience strong urbanization pressure in rapidly
developing regions [113-115].

The present findings indicate the share of recreational and leisure areas is much higher in cities
than in the surrounding counties (Figure 4). This observation confirms that these areas play a very
important social role by improving the quality of life [14,50,63,80]. In some counties, such as
Chorzoéw, the share of recreational and leisure areas was as high as 19%. Chorzéw is situated in
Silesian voivodeship which is the second most rapidly developing Polish region (after the Warsaw
region) that contributes nearly 12% to the GDP and has a very high population density in excess of
352 people per km2 [97]. The high share of recreational and leisure areas in Silesia, which is
manifested by a cluster of counties with a high share of recreational and leisure areas (Figure 5),
should also be analyzed in the historical context. Silesia has been a hub of mining and metallurgical
industries for many centuries, and the resulting pollution significantly decreases the quality of life in
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the region. To address this problem, attempts have been made to increase the local residents' access
to recreational and leisure areas by protecting the existing sites and designating new areas in local
zoning plans [116]. The Culture and Leisure Park in Chorzéw is one of such initiatives. The park was
created in the 1950s by reclaiming degraded mining areas, and it occupies more than 16% of the city's
area [109,110]. A number of industrial programs aiming to reclaim and revitalize industrial areas
have been implemented in the region in recent years, which could also explain the high share of
recreational and leisure areas in Silesian counties [49,51,117,118].

The presence of cause-and-effect relationships cannot be inferred from the results of this study,
but significant relationships were noted between the analyzed variables and the share of recreational
and leisure areas in Polish counties. The studied parameter was positively related to population
density (Pop_Density) (Figure 8) and the area covered by local spatial development plans
(Local_sp_dev _plan) (Figure 10). It should also be noted that population density exerted a significant
influence on the share of recreational and leisure areas in the vast majority of Polish counties. The
analyzed parameter was negatively related to the number of residential and residential-commercial
buildings (Buildings) (Figure 11) and EU funds for financing EU programs and projects in 2011-2021
(EU_Funds) (Figure 12). Interestingly, income per capita (Income) was both positively and negatively
related to the share of recreational and leisure areas in Polish counties (Figure 11).

The results of this study corroborate the findings of other authors. Liu et al. [77] observed that
socioeconomic factors influence the spatial distribution of recreational and leisure areas. The cited
authors found that income levels exert a varied influence on the availability of green spaces,
depending on the economic model in a given area, and that urbanization affects green spaces.
According to Lewandowicz [119], recreational sites in highly developed areas contribute to
recreational and tourist activity and improve the economic performance of these areas. The
availability of recreational and leisure areas and the development of businesses providing
recreational services are influenced by population rather than landscape attractiveness. Similar
observations were made by Shen et al. and Xu et al. [78,81] who found that population density affects
the distribution of recreational and leisure areas. Liu et al. [120] also attempted to identify factors that
affect the spatial distribution of recreational areas. They found that in addition to environmental
conditions, demand, consumer preferences, and land prices, the distribution of recreational areas was
also influenced by spatial development policies and spatial management. Effective spatial planning
can contribute to the uniform distribution of recreational and leisure areas. The impact of spatial
planning on the distribution of urban green spaces was also confirmed by Li and Liu [80]. In the
present study, the impact of EU funds was the most controversial variable. According to Bieganska
et al. [92], EU funds have significantly contributed to the development of sports and recreational
infrastructure in Poland. However, in the current study, this variable exerted a generally negative
effect on the share of recreational and leisure areas, and it was significant in a very small number of
counties (Figure 12). Further research is needed to address this topic because EU funds have been
found to have a limited impact on changes in land cover [121]. A more detailed classification of
recreational and leisure areas should also be adopted in future research to determine whether the
analyzed variables exert varied effects on various types of recreational areas. The influence of other
factors, such as qualitative variables or environmental variables, could also be investigated in the
future.

From the methodological point of view, annual cadastral data from the Land and Building
register at county level is a valuable source of data which can be used to analyze the influence of
socioeconomic factors on the share of recreational and leisure areas in Polish counties. The present
study confirmed that local models estimated with the GWR method effectively explain non-
stationary spatial phenomena.
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