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Age-group-based evaluation of residents’ urban green
space provision: Szeged, Hungary. A case study

RonaLp ANprAs KOLCSAR?, Akos K. CSETE?, Anna KOVACS-GYORP and Péter SZILASSI!

Abstract

Analysis of urban green space (UGS) provision is becoming increasingly important from an urban-planning per-
spective, as processes related to climate change tend to worsen the urban heat-island effect. In the present study, we
aimed to map the UGS provision of Szeged, Hungary, using a GIS-based complex approach. Different age groups,
especially the elderly, have different demands on the ecosystem services and infrastructure of UGSs. To provide an
in-depth assessment of UGS provision for planners, we analysed the UGS availability and accessibility, using sub-
block-level population data, which includes not only the total number of residents but also provides information
about the age-group distribution for each building of the city. We delineated areas having different UGS provision
levels (called provision zones) and assessed the age distribution of the residents living in each zone. We found that
the residents within 2-min walking distance to public green spaces are older than expected by comparison to the
age distribution of Szeged. In provision zones with abundant locally available UGSs (measured as UGS per capita
within 50-m buffers), we found that the youngest (0-18 years) and oldest (> 61 years) inhabitants are overrepresented
age groups, while the age group 1940 has the lowest overall UGS provision within the city of Szeged. Our research,
which has the potential to be adapted to other settlements, contributes to the identification of UGS-deficit areas in a
city, thereby providing essential information for urban planners about where increases in UGS are most needed and
helping to assess infrastructural enhancements that would be adequate for the locally most-dominant age groups.
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Introduction

The term urban green space (UGS) is defined
by World Health Organization as an urban
area covered by any kind of vegetation (WHO
2017, WHO Regional Office for Europe 2017).
UGSs are among the main contributors to hu-
man well-being within a city (NEuvoNeN, M.
et al. 2007; James, P. et al. 2009; SCHIPPERI)N, ].
et al. 2010; Rossi, S.D. et al. 2015; Kotuencz, G.
et al. 2017; Kovacs-GyOry, A. et al. 2018; CSETE,
A K. et al. 2021). UGSs also contribute to the
liveability of a settlement through a high va-
riety of positive effects, which are collec-

tively known as ecosystem services (MEA 2005;
MakovNikova, J. et al. 2019; CICES 2022). Via
evapotranspiration and shading, vegetation
impacts microclimates (MEA 2005; TAkAcs, A.
et al. 2016; CICES 2022; TEEB 2022). The urban
heat island effect, which is an increasingly sig-
nificant problem in modern cities can also be
mitigated by UGSs (GAL, T. et al. 2016; Henirs,
L. et al. 2016; HerseL, L. et al. 2016; PONGRACZ,
R. et al. 2016; Mucsi, L. et al. 2017). Other im-
portant regulating functions of UGSs include
surface-runoff mitigation, the enhancement of
air quality, as well as wind speed and noise re-
duction (MEA 2005; CsETE, AK. and Guryis, A.

! Department of Geoinformatics, Physical and Environmental Geography, University of Szeged. Egyetem u.
2-6. H-6722 Szeged, Hungary. Correspondent author’s e-mail: kolcsar@geo.u-szeged.hu

2 Institute of Ecology and Botany, Centre for Ecological Research, Alkotmany u. 2-4. H-2163 Vacratot, Hungary.

*IDA Lab, Paris-Lodron-Universitét Salzburg, Jakob-Haringer-Str. 6. 5020 Salzburg, Austria.



250 Kolcsdr, R.A. et al. Hungarian Geographical Bulletin 71 (2022) (3) 249-269.

2021; CICES 2022; TEEB 2022). Additionally,
vegetation in private and community gardens
may also contribute to food provision (MEA
2005; CICES 2022; TEEB 2022). In the form
of cultural ecosystem services, UGSs help to
create an aesthetic and calm environment ide-
al for both physical recreation and spiritual
rejuvenation (MEA 2005; Razax, M.A.W.A.
et al. 2016; AyaLa-AzcArraca, C. ef al. 2019;
SzivLasst, P. et al. 2020; Cueng, Y. et al. 2021;
CICES 2022; TEEB 2022).

Considering all the advantages that UGSs
provide, it is not unexpected that recently
the issue of proper UGS provision has been
receiving ever-growing attention within the
field of urban planning (Zerp, H. et al. 2020).
However, the definition and measurement of
UGS provision and access are not uniform
among researchers (WoLcs, J.R. ef al. 2014;
ExkeL, E.D. and pE VRiEs, S. 2017; WUSTEMANN,
H. et al. 2017; BLascukg, T. and KovAcs-GyGri,
A.2020; Wy, L. and Kim, S.K. 2021). For exam-
ple, Le Texier, M. et al. (2018) specified four
levels of UGS provision and access: availabil-
ity, fragmentation, public-private ownership,
and accessibility. Other researchers identified
five components of green space access, a con-
cept similar to UGS provision: virtual access,
viewing, utilizing and being in green space,
active hands-on engagement, and ownership
and/or management (WELDON, S. et al. 2007;
Epwarps, D. et al. 2009).

One of the most well-systematized defi-
nitions in connection with UGS provision
comes from Biernacka, M. and KRONENBERG,
J. (2019). Their approach involves three lev-
els of UGS provision: availability, accessibil-
ity, and attractiveness. Among these three,
UGS availability is the most fundamental,
as it indicates whether green space exists
within a given proximity. The most common
method for the evaluation of UGS availability
is the calculation of the total area of UGSs
within a buffer zone; it is most commonly
measured in hectares or square metres per
capita (FuLLERr, R.A. and Gaston, K.J. 2009;
Kasisch, N. and Haasg, D. 2014; Kasiscy, N.
et al. 2016; BiernAcka, M. and KRONENBERG,
J. 2019; Biernacka, M. et al. 2020; KOLCSAR,

R.A. et al. 2021). Csomés, G. et al. (2021),
however, used different, more-complex
methodologies to quantify UGS availability.
Owing to various physical or psychological
barriers, the second level of UGS provision,
UGS accessibility, is not guaranteed to all or
to part of the population for any particular
existing (and, thus, available) UGS (WRriGHT,
W.H.E. et al. 2012; Park, K. 2017; BIERNACKA,
M. and KRONENBERG, J. 2019; BierNACKA, M.
et al. 2020; KoLcsAR, R.A. et al. 2021). Physical
accessibility means the lack of physical bar-
riers (e.g., busy streets, fences or buildings)
along the road that can potentially hinder
or preclude access to a given green space
(Biernacka, M. and KRONENBERG, J. 2019).
Buildings and road networks also can highly
modify pedestrian travel times by making
the route between the starting point and
destination far longer than the straight-line
distance between the two points (KoLcsAR,
R.A. et al. 2021). Psychological accessibility
is defined by more-abstract barriers, such as
the real or perceived relative safety of areas
that some might choose to avoid, thereby
lengthening their travel time to the UGS
(Park, K. 2017). UGS accessibility is usually
mapped either within buffer zones (On, K.
and Jeong, S. 2007; Wricnt, W.H.E. et al.
2012; Braquinno, C. et al. 2015; Baurini, F.
et al. 2017; Koprowska, K. et al. 2018; CsomOs,
G. et al. 2020) or with more-accurate meth-
ods (such as service areas) based on road
networks (SuauID, R. et al. 2009; Le TEXIER,
M. et al. 2018; Mora-Garcia, R.T. et al. 2018;
KorcsAr, R.A. et al. 2021), and even more
elaborate methods based on least cost path
algorithms (e.g., using AccessMod and
CostDistance) have been devised, such as ap-
plied by Crines, C. et al. (2021). Among the
three levels of UGS provision, attractiveness
is arguably the most difficult to objectively
measure. Any available and freely accessi-
ble green space needs to have certain quali-
ties in order to attract residents to visit the
area. UGS attractiveness is determined by
various factors, which may involve cultural
ecosystem services, aesthetic values, and
infrastructure among others (KRONENBERG,
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J. 2015; BiernAcka, M. and KRONENBERG, J.
2019). The attractiveness of an UGS is shown
to degrade by the increase of walking dis-
tance (Morar, T. et al. 2014), while some
UGSs are simply unattractive to visitors
(WrigaT, W.H.E. et al. 2012; Biernacka, M.
and KrRONENBERG, J. 2019). In some studies,
the terms UGS quantity and UGS quality are
considered to correspond to the concepts of
availability and attractiveness, respectively
(You, H. 2016; KrRAEMER, R. and Kasisch,
N. 2021). Evaluation of availability and ac-
cessibility of sectors other than UGSs (e.g.,
health care) is also possible with numer-
ous occurrences in the scientific literature
(Harg, T.S. and Barcus, H.R. 2007; Kwan,
M.P. and WEBER, J. 2008; McGrair, M.R. and
HuwmprhrEys, J.S. 2009; KrarT, S. 2016; UzzoL,
A. et al. 2020). Van peN Bosch, C.K. (2021)
proposed the 3-30-300 rule, as a very similar
concept of UGS provision. According to this
rule, ideally, there should be at least three
trees visible from one’s window, while at the
same time one’s neighbourhood should have
at least 30 percent UGS coverage (preferably
trees), and one’s home should be no farther,
than 300 m from the nearest urban park.

Most authors agree that, depending on its
size and function, a walking distance of 2-15
min to get to a public park is optimal for de-
fining a catchment or area within which lo-
cal residents can easily access public green
spaces (STANNERS, D. and Bourbeau, P. 1995;
Barsosa, O. et al. 2007; Par1, M. et al. 2016;
StEssENs, P. et al. 2017; PoLEmaN, H. 2018;
KoLcsAr, R.A. et al. 2021). Although the grow-
ing number of spatial data sources and GIS
analysis techniques make it easier to deter-
mine the number, and demographic charac-
teristics (age, gender distribution, etc.) of the
local inhabitants living within the different
catchment areas of the public parks (Box, J.
and Kwon, Y. 2016; WissTemanN, H. et al. 2017;
Poreman, H. 2018; Zepp, H. et al. 2020), to date
little information is available on the age struc-
tures of different UGS provision zones.

The aim of the present study has been to
investigate the age structure of areas with dif-
ferent UGS provisions in a Hungarian study

area, specifically as a case study of Szeged.

We sought to evaluate the UGS provision at

the building-plot scale with a method that in-

corporates two of three UGS provision levels

(availability and accessibility) identified by

researchers (Biernacka, M. and KRONENBERG,

J. 2019; KorLcsARr, R.A. et al. 2021). Given that

the equality of UGS provision is an impor-

tant component of environmental justice

(WeN, C. et al. 2020), this method could

potentially help urban planners to localize

deficiency in the green infrastructure with
the consideration of the age-related needs of
local residents (KempERMAN, A.D.A.M. and

TimMmerMANS, H.J.P. 2007; ARTMANN, M. et al.

2017; LEvy-Storwms, L. et al. 2018; Bozxkurt, M.

2021; YaNG, L. et al. 2021). Based on our over-

all aims, we set out to answer the following

research questions in this research:

- How can we specify and delineate the
low-, medium-, and high-level UGS provi-
sion zones?

— What is the age structure of local inhab-
itants living in low-, medium-, and high-
level UGS provision zones?

Answering these questions is important
from the perspective of urban planning, as
it will help in the delineation of UGS-deficit
areas within cities and, thus, where the im-
provement of UGS provision is necessary.
Analysing UGS provision by age group is
also essential for both environmental justice
and urban park design.

Materials and methods
Study area

The study area of the present research,
Szeged (Figure 1), is in the centre of the
Southern Great Hungarian Plain (EU NUTS2
level statistical region of Hungary). By pop-
ulation, Szeged is the third largest city in
Hungary and the second largest in the Great
Hungarian Plains (KSH 2021).

The radio-concentric city has multiple ur-
ban parks of various sizes and structures,
the largest of which (~ 20 ha), Erzsébet Liget
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Fig. 1. Study area within Szeged, Hungary, showing building-plot-scale population distribution and public
green spaces selected for accessibility estimation.

(Elisabeth Park) is located on the western
side of Ujszeged district. Besides its urban
parks, Szeged has a notable amount of forest
areas as well. These are decisively floodplain
forests along the bank of its two rivers, Tisza
and Maros. Informal green spaces (especially
in the housing estate areas) and private gar-
dens also constitute a significant part of the
green infrastructure of Szeged.

Data used

A detailed address-level population database
was used both for local UGS availability (as
per-capita estimations) and for demographic
analyses of the UGS provision zones (Bel-
tgyminisztérium 2019). To enable spatial
evaluations and visualization, a polygon
layer containing Szeged’s building plots
with permanent residents was also created

(see Figure 1). Layer contained information
solely about the population with permanent
residency in Szeged, thus, other forms of res-
idency (e.g., renters, students living in dor-
mitories etc.) were not included in this study.
For local green space availability map-
ping, we used a high-resolution Normalized
Difference Vegetation Index (NDVI) layer
(0.5 x 0.5 m raster size) derived from an ortho-
photo (Lechner Tudaskdzpont, 2015). Public
green space accessibility mapping required the
usage of layers (e.g., road network and points
of interest) from the open-source GIS database
OpenStreetMap (Geofabrik, 2021). For both the
local green space availability and public green
space accessibility analyses, we incorporated
the land-use and land-cover polygons of the
2018 version of the European Environmental
Agencies Urban Atlas (Coopernicus, 2018).
Figures of the present paper were produced
using data provided by Copernicus (Urban
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Atlas), Geofabrik (OpenStreetMap), Lechner
Tudaskozpont (orthophoto of Szeged), the
Hungarian Ministry of the Interior (address-
level population data), and the 2018 buil-
ding-code modification document of Szeged
(building plots) (Lechner Tudaskdzpont
2015; Copernicus 2018; Fenfr, E. 2018;
Beliigyminisztérium 2019; Geofabrik 2021).

Population data pre-processing

Building plots were chosen as the adminis-
trative unit for our study as they provide a
realistic picture of the spatial extent of living
space of the urban population (particularly for
detached houses). The polygon layer contain-
ing building plots was digitized from maps in
the 2018 building-code modification document
for Szeged (FemiRr, E. 2018). At our disposal was
a building-polygon database that contained
highly accurate, address-level population data
(capita per building) based on the postal mail-
ing addresses of all inhabitants of Szeged as
of 1 January 2019 (Beliigyminisztérium 2019).
The building-polygon layer with population
data was spatially joined to the polygon layer
of the building plots. Generally, one building
plot contains only one building, in the case of
building-plot polygons containing two or more
buildings, however, we used the sum of popu-
lation values of all buildings within its area for
the building-plot population. By joining the two
layers, building plots with no permanent resi-
dents were deleted from the layer. Age-group
categories in the source data were merged into
larger categories to reduce fragmentation for
the current analyses, thereby creating four new
age groups: minors (0-18 years), young adults
(19-40 years), middle-aged adults (41-60 years),
and the elderly (> 61 years) (Figure 2), with dif-
ferently attributed UGS usage habits and de-
sign requirements (KemPERMAN, A.D.A.M. and
TimMmerMANs, H.J.P. 2007; ARTMANN, M. ef al.
2017; Levy-Storwms, L. et al. 2018; Bozkurt, M.
2021; YANG, L. et al. 2021). The division of these
four merged categories was restricted by the
original, narrower age groups, which had very
inconsistent ranges regarding the span of years

50
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Fig. 2. The total number of residents within investi-
gated age groups of Szeged, Hungary.

(e.g., 0-2 years, 3 years, 7-10 years, 4145 years,
63-70 years, etc.). According to our popula-
tion database, there were ~144,000 permanent
residents within the study area (Szeged) on
January 1, 2019.

Local green space availability analysis

We defined local green space availability (the
local availability of any type of green space)
as the total area of UGSs within 50-m-radius
buffer zones of each building plot divided
by the building plot’s number of residents
(square metres per capita). The size of the
buffer zone was chosen according to J. GEaL’s
thresholds (2010), which were based on con-
sideration of human-scale distance.

To delineate areas covered with vegetation
within the city, we created a raster-based NDVI
map from a high-resolution orthophoto (0.5 x
0.5-m raster size) provided by the University
of Szeged Department of Climatology and
Landscape Ecology. The image was acqu-
ired during May-July 2015 by Lechner
Tudaskozpont (2015). The footage was a four-
band (RGB-NIR) UltraCam X orthophoto that
had an appropriate resolution for highly accu-
rate NDVI maps (Figure 3). 0 was chosen as the
pixel value that represents minimal vegetation.
Although the 0.2 value defined by the United
States Geological Survey (USGS) is the most
commonly accepted lower threshold of veg-
etation coverage (USGS 2018), Aquino, D. ef al.
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Fig. 3. Normalized Difference Vegetation Index (NDVI) layer generated from 2015 orthophoto
of Szeged, Hungary.

(2018) argued that it is possible that areas with
very low vegetation coverage to fall between
NDVI values of 0 and 0.2. In the case of our
orthophoto, the most realistic delineation of
vegetation coverage was achieved by apply-
ing 0 as the minimum value. The suspected
reason for a significant amount of UGSs was
being found between values 0 and 0.2, was
the heat stress that the vegetation suffered
at the time of the data collection. Because of
their seasonality and meager recreational val-
ue, plow fields were excluded from the NDVI
map. To mask out these undesirable areas, we
used the European Environmental Agencies
Urban Atlas 2018 land-use and land-cover da-
tabase’s annual-crops polygons (code 21000)
(Copernicus 2018).

After the selection procedure, 50-m buffer
zones were generated around polygons enclos-
ing building plots with permanent residents,
and the sum of green pixels (NDVI > 0) was

calculated for each 50-m buffer zone (Figure 4).
We calculated total vegetation coverages (as
square meters) from the raster resolution and
the sums of pixels within the buffer zones.
Dividing the resulting values by the number
of residents for each corresponding building
plot, we determined how much local green
space is available for an inhabitant of a given
building plot within its 50-m buffer zone.
We then delineated zones with low, me-
dium, and high local green space availability
(local green space availability zones) based
on the previously calculated square metres
per capita values. We chose 50 m* per capita
as the boundary value between low and me-
dium categories based on the the recommen-
dations of World Health Organization (2017)
which is widely used in various publications
(MoRraR, T. et al. 2014; MaryaNTI, MLR. ef al.
2016). As the boundary value between me-
dium and high categories, we used 500 m?
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Fig. 4. Principle of calculation of local green space availability, demonstrated via example building plot.
NDVI = Normalized Difference Vegetation Index.

per capita derived from the optimal mini-
mum green space availability defined for use
in Berlin (5,000 m? per capita within 500-m
buffer zones) by converting it to the 50 m
buffer zones of the present study (Kasisch,
N. et al. 2016). A score between values 1-3
was also assigned to the local green space
availability categories (Table 1).

Accessibility mapping of public green spaces

For the accessibility analysis, we created a
subgroup of UGSs called public green spac-
es, which aims to include every urban park,
public urban forest or any other functionally
similar area. Additionally, we aimed to in-
clude in this category informal green spaces

Table 1. Category limits of local green space availability and public green space accessibility

Indicator Low (score 1) Medium (score 2) High (score 3)
Local green space availability, m? per capita <50 50-500 >500
Public green space accessibility, min. >10 2-10 <2
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as well, which are known contributors to the
urban quality of life (RupprechT, D.C. et al.
2015). Thus, on the basis of KorcsAr, R.A. ef al.
(2021) we defined public green spaces as areas
which meet all of the following conditions:

1. The area must be defined by Urban
Atlas (Copernicus 2018) land use and land
cover database as either “Green urban areas”
(14100), “Forests” (31000) or “Land without
current use” (13400).

2. The area must be a public space.

3. The area has functions or services impor-
tant enough to the public that it’s reflected
in OpenStreetMap’s Point of Interest (POI)
layer (Geofabrik 2021).

Because, by definition, public green spaces
are open to everyone, accessibility analysis
can be used to incorporate them in a city-
scale UGS provision assessment. Private gar-
dens on the other hand, by their nature are
inaccessible to the public and, thus, were not
included in the accessibility analysis.

The first step of our selection process was
to select polygons defined in Urban Atlas as
Green urban areas, Forests or Land without
current use. The latter category was included
because of its potential to contain informal
green spaces. As the next step, we overlapped
the point of interest (POI) layer, which con-
sists of volunteered geographic information
(Jiang, S. et al. 2015; Zuang, X. et al. 2017)
with the selected UGSs to find the areas with
at least one function or service significant
enough to appear in the publicly accessible
and editable database. In most cases, POI-s
within these USG polygons represented ob-
jects connected to amenities (e.g., street fur-
niture, drinking water, and toilets), recrea-
tion (e.g., playgrounds) or aesthetic values
(e.g., statues, fountains, and landmarks) all
of which can be connected to the multi-func-
tionality of the USG. Because of this, the POI
layer proved to be an invaluable tool to iden-
tify and delete UGS polygons with little to no
functions. One UGS polygon was retained al-
though it is not notably represented in the POI
layer in the database. While none of the POI
layer’s points intersected its geometry, a point
was found within its direct proximity which

was identified as a POI of this particular pub-
lic green space. The remaining polygons were
individually evaluated as to whether or not
they are publicly accessible, and all private
areas were excluded from further analysis.

On the basis of the work of Stessens, P.
et al. (2017) and KoLcsARr, R.A. et al. (2021),
we divided a selection of public green spaces
into two separate groups by size: local public
green spaces (0.3-10 ha) and district public
green spaces (10-1,000 ha). We then assigned
to each group a maximum walking distance
to represent its catchment size: 200 m for lo-
cal public green spaces and 800 m for district
public green spaces.

Following KorcsAr, R.A. et al.’s method-
ology (2021), the OpenStreetMap road net-
work was overlapped with the public green
space polygons (Geofabrik 2021), and entry
points were generated at the intersections
of the road lines and the polygons. With the
help of ArcGIS Pro’s Network Analyst tool
(ESRI 2018), service areas (catchments) were
generated around these entry points to in-
dicate the maximum pedestrian travel time
required to reach any given point within the
city. Assuming a 5-km/h pedestrian velocity,
catchments were converted into travel times:
~2 min in the case of local public green spac-
es and ~10 min in the case of district public
green spaces. Accordingly, catchments repre-
senting 2 min walking distance were gener-
ated around each of the entry points, while
catchments representing 10 min walking dis-
tance were generated only around the entry
points of district public green spaces. By
merging these catchments together (2-minute
catchments and 10-minute catchments sepa-
rately), the public green space accessibility
zones were created.

With the help of the Select Layer by
Location tool of ArcGIS (using the centroids
of each building-plot polygon with perma-
nent residents), public green space accessi-
bility zones were projected to the building
plot layer. Each building plot was then cat-
egorized based on their public green space
accessibility. Building plots with a centroid
within < 2-min public green space accessibil-
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ity zones were evaluated as exhibiting high
public green space accessibility, and those
within 2- to 10-min public green space ac-
cessibility zones were evaluated as exhibit-
ing medium public green space accessibility.
Any building plots outside the public green
space accessibility zones (> 10-min) were de-
fined as having low public green space ac-
cessibility. A score between the values of 1-3
was also assigned to the public green space
accessibility categories (see Table 1).

Overall UGS provision assessment

Using the local green space availability and
the public green space accessibility scores
(1-3), we implemented a combined scoring
system to evaluate the overall UGS provision
of each building plot (Table 2). From these
scores (2-6), we created the overall UGS pro-
vision categories. A three-level classification
was created so the overall UGS provision
results would be comparable with the local
green space availability and public green
space accessibility estimates. A five-level
classification was also created to illustrate
finer differences between provision zones.

Based on Table 2, overall UGS provision
zones (and the corresponding scores) can be
interpreted as follows:

Low UGS provision zones (score 2-3):

1. Areas with no or very little locally avail-
able UGS (below 50 m?/capita) and no acces-
sible public green space within 10 minutes
of walking.

2. Areas with no or very little locally availa-
ble UGS (below 50 m?/capita), but the nearest
public green space can be accessed between
10 and 2 minutes by walk.

3. Areas with an acceptable amount of lo-
cally available UGS (between 50 and 500 m?/
capita) but no accessible public green space
within 10 minutes of walking.

Medium UGS provision zones (score 4):

1. Areas with no or very little locally avail-
able UGS (below 50 m?*/capita) but the near-
est public green space can be accessed within
2 minutes by walk.

2. Areas with an acceptable amount of lo-
cally available UGS (between 50 and 500 m?/
capita) and an accessible public green space
between 10 and 2 minutes by walk.

3. Areas with an abundance of locally
available UGS (500 m?*/capita or higher), but
no accessible public green space within 10
minutes of walking.

High UGS provision zones (score 5 and 6):

1. Areas with an acceptable amount of lo-
cally available UGS (between 50 and 500 m?/
capita) and the nearest public green space
can be accessed within 2 minutes by walk.

2. Areas with an abundance of locally
available UGS (500 m*/capita or higher), and
an accessible public green space between 10
and 2 minutes by walk.

3. Areas with an abundance of locally avail-
able UGS (500 m?/capita or higher), and the
nearest public green space can be accessed
within 2 minutes by walk.

Age-group distributions of UGS provision zones

We performed age-group-based demograph-
ic analyses of the data within the building-
plot polygons. As a result of the overall UGS
provision evaluations, the age-group distri-
bution could be estimated for the three UGS
provision zones (low, medium, and high) as

Table 2. Numeric evaluation of overall urban green space provision

Indicator

Public green space accessibility scores

Local green space availability scores
Low (score 1)

Medium (score 2)

High (score 3)

Low (score 1)

low (score 3)

very low (score 2)

medium (score 4)

Medium (score 2) High (score 3)

low (score 3) medium (score 4)
medium ( score 4) high (score 5)
high (score 5) very high (score 6)
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well as separately for the local green space
availability and the public green space ac-
cessibility zones. In addition to the actual
population numbers (p,), we also calculated
an estimated population number (p ) (Eq. 1),
showing what would be the number of resi-
dents within each age group if the age distri-
bution of the given provision zone’s popula-
tion were the same as that of the entire city.

Comparing these two values (p, vs. p,)
gives an insight into which age groups are
underrepresented or overrepresented within
the high, medium, or low zones regarding
local green space availability, public green
space accessibility, or overall UGS provision:

p,=0.01p,-r, (1)

where p, is the estimated population of a
given age group within given overall UGS
provision zone, local green space availabil-
ity zone, or public green space accessibility
zone (low, medium, or high); p, is the total
population (sum of four age groups) with-
in a given overall UGS provision zone, lo-
cal green space availability zone, or public
green space accessibility zone (low, medium,
or high); and r is the proportion of a given
age group within the total city population.

We then calculated the percentage differ-
ence (Eq. 2) between p and p, by

d=(p,~p./p, 100, )

where d is the percentage difference between
the actual and expected number of residents
within a given age group of the given overall
UGS provision zone, local green space avail-
ability zone, or public green space accessi-
bility zone (low, medium, or high); p,is the
estimated population of a given age group
within the given overall UGS provision zone,
local green space availability zone, or public
green space accessibility zone (low, medium,
or high); and p_ is the actual population of
a given age group within the given overall
UGS provision zone, local green space avail-
ability zone, or public green space accessibil-
ity zone (low, medium, or high).

Results
Overall urban green space provision mapping

On the basis of the local green space avail-
ability map (Figure 5), we concluded that the
overall state of local green space availability
in Szeged is good. About 88 percent of the
building plots have high local green space
availability, while the average score is ~2.8.
As expected, the largest concentration of
building plots (classified as high, or scored
as 3) are in the suburban areas, where de-
tached houses are dominant. Building plots
classified as medium (scored as 2) or low
(scored as 1) are primarily in the city cen-
tre, where the dense building coverage and
high proportion of paved areas result in low
NDVI values, and in housing areas where an
otherwise acceptable amount of vegetation
coverage has to satisfy the needs of a large
residential population.

Based on the results, the state of public
green space accessibility appears to be lower
throughout Szeged. Only ~16 percent of the
building plots were identified as being part
of the high public green space accessibility
zones. In this case, the average score of the
city was 1.6. Public green space accessibil-
ity maps (Figures 6 and 7) indicate that the
best public green space accessibility is within
the more densely populated downtown of
Szeged, where large public green spaces are
more prominent, complementing the results
of the local green space availability map.
Low public green space accessibility building
plots are primarily identified in the suburban
areas, where public green spaces are less fre-
quent compared to the city centre.

Regarding the spatial characteristics of the
overall UGS provision zones (Figure 8), it can
be stated that in general, the overall UGS
provision of Szeged is good. Approximately
38 percent of the building plots received high
scores (5 or 6) as a result of the aggregation of
their local green space availability and public
green space accessibility scores. Additionally,
another ~58 percent of the building plots
were categorized as having medium overall
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Fig. 5. Building-plot-scale local green space availability (square meters per capita), Szeged, Hungary.
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Fig. 6. Accessibility map, showing selected public green spaces with their designated size-based catchments
in Szeged, Hungary.
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Fig. 8. Building-plot-scale overall urban green space provision map of Szeged, Hungary.
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UGS provision (with a score of 4). The aver-
age overall UGS provision score in Szeged
was 4.5. Figure 8 also shows areas within the
city that lack both local green space avail-
ability and public green space accessibility.

Building plots with a very low or low pub-
lic green space accessibility score (Figure 9)
need the most attention regarding green space
development. Building plots in the very high
overall UGS provision zones are generally
found in the direct proximity of the public
green spaces where part of the locally avail-
able green space is the closest accessible pub-
lic space itself.

Population distribution assessment
Results of the age-group analyses of differ-

ent overall UGS provision zones (three-level
classification) show that the vast majority of

residents live in either medium or high over-
all UGS provision zones. However, a notable
number of people (~ 19,000) of the total pop-
ulation (~144,000) live in areas categorized as
low overall UGS provision zones (Figure 10).

The population diagram (Figure 11) indi-
cates that only a very small proportion of the
population (~ 800 people) live in the green-
deficit areas, for which the lowest possible
overall UGS provision score (2) was applied.
In contrast, the population of very high over-
all UGS provision zones (score 6) is nomi-
nally <9,000.

Both underrepresentation and overrepre-
sentation are apparent when looking at the
age groups (Figure 12). Compared to the age
distribution of Szeged, the 0-18 age group
is overrepresented in the areas with high lo-
cal green space availability, implying that
relatively speaking this age group has the
best local green space availability in the city,

Overall urban green
space provision zones

I Very low (score 2)
I Low(score3)

[ ] Medium (score 4)
[ High (score 5)
I Very high (score 6)

—— Main roads
"] Publicgreen spaces \
[ 1 Surface water

———  Administrative boundary of Szeged |0 500

1000m f

R
i,

Fig. 9. Building-plot-scale map of Szeged, Hungary, showing five urban green space provision zones.
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Fig. 10. Total population distribution of three overall
urban green space provision categories for Szeged,
Hungary.
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Fig. 11. Population distributions of five overall urban
green space provision zones in Szeged, Hungary.
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Fig. 12. Age-group distributions, Szeged, Hungary.
A = Local green space availability zones; B = Percentage
differences between actual and expected population.

while in an absolute sense, members of age
group 41-60 are present within these zones
in the largest number. In contrast, the 19-40
age group is highly underrepresented in
the high local green space availability zones
compared to the proportion of the other age
groups. Similarly to the age group of 0-18,
age groups of 41-60, and > 61 are also over-
represented in areas with high local green
space availability.

In many cases, we found that the popula-
tion distribution from the public green space
accessibility analyses show patterns opposite
to the results of the local green space avail-
ability mapping (Figure 13).

The age group of 0-18 is strongly overrep-
resented in areas of low public green space
accessibility. In contrast, age groups of 1940
and > 61 are overrepresented in areas of high
public green space accessibility. It is also
noteworthy that more than a third of the to-
tal population lives within low public green
space accessibility zones. Overall UGS provi-
sion analysis shows that while only a small
proportion of the residents can be found in
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Fig. 13. Age-group distributions, Szeged, Hungary.
A = Public green space accessibility; B = Percentage
differences between actual and expected population.
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areas with low classification, their relative
distribution within the zones favours the > 61
age group (Figure 14). Within the low overall
UGS provision zone, the 19-40 age group is
the most overrepresented. In contrast, in the
high overall UGS provision zone, every age
group but the elderly (= 61) appears to be
underrepresented compared to the actual
age distribution of the entire population of
Szeged (see Figure 14).

Discussion

As regards our findings, it can be stated, that
based on our results the average level of over-
all UGS provision in the city is slightly above
medium. Our methodology identified areas
within Szeged with a low score regarding
both aspects (accessibility and availability)
of UGS provision. Given that KEMPERMAN,
A.D.AM. and TimmerMANs, H.J.P. (2007)
argued that families with children are more
likely to visit urban parks, the underrepre-

sentation of age group 0-18 in public green
space accessibility can be considered subop-
timal. The elderly being favoured regarding
UGS provision is not unique to Szeged, WEN,
C. ef al. (2020) drew similar conclusions in
the case of Hannover, Germany. Good UGS
provision is unquestionably beneficial for the
elderly (especially for those > 65), because
UGSs provide them numerous physical and
psychological benefits (LoukarTou-SipERTS, A.
et al. 2016), however, the UGS usage habits of
this age group have their own peculiarities
which need to be addressed in urban plan-
ning. According to KempErMAN, A.D.A.M. and
TmmmEerMmans, H.J.P. (2007) for instance, UGS
usage habits of seniors tend to be extreme, as
they either visit urban parks or other public
green spaces very frequently or almost never.
Their willingness to visit UGSs is largely de-
fined by the ecosystem services provided by
these UGSs (e.g., where trees provide enough
shading and sufficiently cool microclimate)
as well as the infrastructure of both the UGSs
and its neighbourhood (e.g., street furniture,
well-maintained safe roads, etc.) (Kasisch,
N. and Haasg, D. 2014; KAnTOR, N. 2016;
Louxkarrou-Siperis, A. et al. 2016; ARNBERGER,
A. et al. 2017; ArRtmaNN, M. ef al. 2017; WEN,
C. et al. 2020). Because public green space ac-
cessibility favours seniors in Szeged, urban
development should primarily focus on infra-
structure development of these existing public
green spaces as well as their neighbourhood
to enhance the effective UGS usage by this age
group (LEvy-Storms, L. et al. 2018).

The value of the overall UGS provision
metric used in present the study could realis-
tically be increased in two possible ways. The
first way is to increase the vegetation cover-
age (represented by NDVI values) within the
50-m proximity of the building plots where
local green space availability is low. This can
be done primarily via grassing or by bush
or tree plantation, as well as by the creation
of green roofs and green walls. The second
possibility is to establish new public green
spaces at the centre or otherwise in close
proximity to building-plot clusters that have
low UGS provision values. This method en-
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hances both public green space accessibility
and local green space availability. This type
of green space provision development might
be most efficient in areas with large, but func-
tionless green space patches, where urban
parks or public gardens can be created via
landscaping and expanding the area’s func-
tions. Although the establishment of urban
parks or other similar public green spaces
is often limited by resources and available
space, a growing body of literature demon-
strates that pocket parks can be an effective
solution to this problem, such as the work
of KerisuNnaN, P.B. and MARUTHAVEERAN, S.
(2021), NagHisi, M. et al. (2021) or Rosso, F.
et al. (2022).

Our methodology also enables identify-
ing age groups that are underrepresented in
high UGS provision areas (e.g., age group of
0-18 years in the case of Szeged) to prioritize
UGS development in low UGS provision ar-
eas where the concentration of the age group
is higher.

Conclusions

In this study, we calculated the building-
plot-scale UGS provision for Szeged, Hun-
gary with a methodology incorporating two
of the prior-established UGS provision levels:
availability and accessibility (Biernacka, M.
and KrRONENBERG, J. 2019). In Szeged, local
green space availability is higher in the pe-
ripheral, single-family housing areas, while
public green space accessibility is higher
in the densely populated city centre. These
two metrics complement each other, provid-
ing good overall UGS provision conditions
throughout the residential areas of the entire
city. The majority of the residents live in ar-
eas with medium or high UGS provision. All
the age groups except the elderly (> 61) are
underrepresented in areas with high overall
UGS provision. This is especially true of the
0-18 age group.

Our methodology proved to be an ade-
quate tool to delineate zones within Szeged
with insufficient UGS provision, as well as

identify disadvantageous age groups within
these areas. We hope that the present meth-
odology and our results will be applicable in
other cities for high-resolution preliminary
UGS provision assessments as well.

There are, however, certain limitations
that need to be addressed in the future. Our
methodology used numerous parameters
based on (or derived from) internationally
accepted thresholds (e.g., category-limit val-
ues and applied buffer-zone radius for local
green space availability, catchment sizes for
public green space accessibility, etc.). In the
future, more robust inferences could be made
of the UGS provision by sensitivity analyses
to different parameters.

Future studies should also aim to inves-
tigate the UGS provision of different age
groups separately, applying parameters that
better reflect the examined focus group. For
example, the public green space accessibility
assessment of the elderly, who are generally
less mobile than the younger age groups,
should be carried out with a lower aver-
age walking velocity (compared to the 5 km
per hour walking speed used in the present
study). In future studies, vehicle-based acces-
sibility mapping besides the walking-based
method should also be considered.

A clear limitation of the broad applicabil-
ity of our framework is that data at a similar
resolution might not be available for other
study areas. Knowing such limitations, cer-
tain input data can be replaced by more
broadly available but less-detailed data,
such as population attributes from the 2012
and 2018 European Environmental Agencies
Urban Atlas land use and land cover data-
bases (Copernicus 2018; KoLcsARr, R.A. et al.
2021). A different, raster-based method for
the identification of public green spaces, e.g.,
methodologies proposed by Huang, B. et al.
(2018), and Bui, D.H. and Mucsy, L. (2021),
should also be tested in the future.
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