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1. INTRODUCTION

The essence of the problem of the quality of lifecities and attempts to improve it through
the use of ecosystem services are emphasized bgroumresearch papers, the results of
which are currently presented in the world literatfor various geographical regions (Balzan
et al., 2021; Klimanova et al., 2021; Stange et28l22; Vidal et al., 2022). Also in Poland, in
the last decade, the interest in ecosystem serinceiies has increased (Kronenberg, 2012;
Degorski, 2017; Zwierzchowska and Mizgajski, 20k#hough there is still relatively little
work in this field compared to foreign literatuderom the application point of view, it is
particularly important to use the results of spatidferentiation of ecosystem services in
urban areas for spatial planning and land managgnienmain effect of which is to achieve
the well-being of residents.

The aim of the third stage of the implemented taskicerning ecosystems of
urbanized areas under the project "Services prdvlae the main types of ecosystems in
Poland - applied approach”, which this report comgewas to develop a case study of
important services of urbanized ecosystems oniamalscale. The object of spatial analysis
was Warsaw. Ecosystem services indicators werecteelefrom the set of 78 indicators
proposed by the Team, described in the first stddle project, and supplemented with new
proposals, the implementation of which became pésslue to the current data availability.
Therefore, they constitute an original and innoxatapproach in assessing the benefits of
urban ecosystems, as well as an extension of thgeraf indicators developed by I.
Zwierzchowska and A. Mizgajski (2019), related lhe abundance and spatial distribution of
green infrastructure in the largest cities of comrttry, relating to services such as regulation
of the local climate, use of green infrastructuoe fecreation, capture of rainwater, or
preventing floods through the valley retention aatya

The indicators (9) developed by us at this stagl@iproject include - important from
the point of view of the role of blue and greenrastructure (BGI) in the urban system -
regulating services (preventing flooding and urdéoods; regulation of the chemical
composition of the atmosphere; purification of gnefrom particulate matter generated by of
humans; reduction of surface water erosion) antu@ll (various aspects of recreation and
environmental education in nature). The selectibsavvices and the indicators describing
them was based on the analysis of the significafiggnenomena and processes taking place
in the city space from the point of view of the lalging of its inhabitants. Indicators refer to
potential, use or unmet demand. In the case ofrakwamalysed services, the proposed
indicators are characterized by a high coincidenite other services, creating bundles of
closely related benefits.

The indicators were calculated for all 18 distriofsWarsaw and/or for 143 areas of
the Municipal Information System (hereinafter reéerto as subdistricts) (Fig. 1), as well as
for different land use types.
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Figure 1. City districts and subdistricts (unitsteé Municipal Information System (MSI) in
Warsaw



2. REGULATING SERVICES

2.1. Purification of the air from particulate matter generated by humans

This service belongs tdregulation and Maintenancaection andTransformation of
biochemical or physical inputs to ecosystedimgsion in CICES V5.1. It can be further
described as the fixing and storage of atmosplegiosols (particulate matter, including
PM2.5 and PM10) by a species of plant, animal, dr&gt fungi or algae that mitigates its
harmful effects and reduces the costs of disposatiier means. The subject of measurement
is the use of trees to reduce particulate mattepa@lution from anthropogenic sources, and
the number of trees per person is the indicatorséwce data we used the high-resolution
(1010 m) Copernicus layérree cover densityalid for 2018. Tree cover (in %) in city
districts and in types of residential areas (mfaltiily, multi-family with an increased share
of greenery, single-family, single-family in forest areas) were obtained by calculating the
mean of all cells in a given spatial unit using #mmal Statistics as Tabfenction in ArcGIS
10.2. After correction due to different input datfae average crown size of 18.8 derived
from the Map of Tree Crowns for Warsaw (http://2zaw.pl/2021/02/26/miliony-
warszawskich-drzew-na-jednej-mapie/) was adoptedhi® transformation of tree cover into
the number of trees. Then, the number of treesrddan the reference unit was divided by
the population obtained in 2015 from telemetry measents (Warsaw City Hall data). The
obtained indicator values ranges from 0.8 (Ursssridt) to 22.7 (Weso a district) (Fig. 2).
The number of trees per person is clearly lowecentral districts and higher in peripheral
districts (with the exception of Ursus). In Warsasva whole, the average number of trees per
person within single-family residential areas i%,Jand in the case of single-family forested
residential areas as much as 6.2. Residential awads multi-family buildings are
characterised by a low number of trees per persoly 0.1). The situation is slightly better in
multi-family residential areas with an increasedrstof greenery (0.3).
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Figure 2. The use of trees to reduce particulat&éemair pollution from anthropogenic
sources

2.2. Erosion reduction by vegetation

This service belongs to thRegulation and Maintenancgection, Regulation of physical,
chemical, biological conditionslivision of CICES V5.1. It involves, among othdrings,
mechanically protecting the soil surface from tlygical force of water, reducing surface
runoff, increasing the potential for water to somito the soil, and maintaining the
compactness of the soil surface through root syst&fagetation intercepts rain, reducing its
energy and preventing splash erosion. It also sleater runoff, and anchors and strengthens
the soil through the root system. Overall, surfapasion is reduced by vegetation due to a
combination of surface roughness, infiltration, anigrception. All of this has the effect of
reducing surface erosion compared to an analogmss reot covered with vegetation. The
subject measurement is the effect of urban vegetatn reducing water erosion on land of
different slopes, and the indicator of this seniee¢he area-weighted average coefficient of
reduction of surface erosion by vegetation.

The coefficient of reduction of erosion by vegeatatcan be defined as the ratio of the
amount of soil eroded from a field with specifiayegation cover to the amount of soil eroded
from a reference plot identical in lithology andcdtion in relief that is in so-called black
fallow.



The rate (coefficient) of erosion reduction by viagjen is an indirect indicator of the
ecosystem service known as Control of erosion rates

The erosion control service forms a bundle witheotfegulating services belonging to
the Regulation of physical, chemical, biological corats division, such a8uffering and
attenuation of mass movem€@t2.1.2) and Mdrological cycle and water flow regulation
(Including flood control, and coastal protectioii2.2.1.3) from the grougRegulation of
baseline flows and extreme everasdWeathering processes and their effect on soil guali
(2.2.4.1) andDecomposition and fixing processes and their eféectsoil quality(2.2.4.2)
from the grougRegulation of soil quality

The procedure for obtaining the results includectss steps:
1. Distinguishing 5 slope classes from the diggatain model;

2. Identification of soil susceptibility to erosidim four classes) based on lithology and
literature indicators;

3. Based on 1 and 2, identification of areas reprisg the 5 classes of potential erosion;

4. Determination (based on literature data) ofieroseduction coefficient for different types
of plant communities, marked on the vegetation ofayyarsaw.

5. Calculating the erosion reduction coefficientdoeas representing potential erosion classes
2, 3,4, and 5, weighted by the area covered hbycpdar plant community types.

The erosion reduction coefficients averaged ovéedwsiricts show a relatively large
scatter of values, ranging from 0.0039 (highesepi&l erosion reduction) in the Kabaty
Forest to 0.182 in the Szamoty subdistrict (Fig.I8)general, areas with the highest erosion
reduction in Warsaw are found in the peripheriestigularly in the following subdistricts:
Stara Miosna (0.0081), Groszéwka (0.0068), Alekisaw (0.0056) in the eastern part of
Warsaw, and M ociny (0.0065), Las Bietki (0.0076) and Dbréwka Szlachecka (0.0096) in
the north-western part. At the same time, thesasal®long to the subdistricts with the
highest share of areas in the 2-5 class of poteartigion (above 38% of area).
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Figure 3. Erosion reduction by vegetation

2.3. Counteracting flooding and urban floods

The service belongs to tiRegulation and maintenansection of theRegulation of physical,
chemical and biological conditiordivision of CICES V5.1. The ecological dimensiontioé
service is the regulation of water circulation imetconditions of its excess, using the
properties of soils and tree canopy, and the fanatidimension - mitigation or prevention of
potential damage to human health and safety, asaselb the economy and infrastructure.
The service can be provided primarily through uleskaoils enabling the infiltration of
excess water associated with torrential or longidgsain or sudden and abundant thaws, as
well as thanks to tree crowns conditioning, amotigers, interception processes. Therefore,
the subject of measurement is the ability of thiestate and tree canopy to regulate water
conditions, and the indicator is the average vafube infiltration-interception coefficient.

In order to illustrate the benefits of counteragtinrban flooding and floods, an
indicator was used that takes into account thétriafiion and retention properties of the soil
lithological material, the degree of soil permeipishare of non-sealed areas) and the
degree of tree canopy as a potential interceptiea, aivided into deciduous and coniferous
trees. For the analysis, a map of surface formatiees used, prepared on the basis of soil and
agricultural maps, obtained from the Architectunel &patial Planning Office of the Warsaw
City Hall and high-resolution raster layers, depeld by the European Environment Agency



as part of the Copernicus Earth monitoring progb@ased on satellite images of the Sentinel-
2 satellite. Raster layers have a resolution ot 10 m and are from 2018.

The mathematical formula of the WPII coefficienthg expression:
WPII = (A x B) + (C x D)
where:

A - weights of infiltration properties of lithologal material determined on the basis of: (1)
permeability classification of lithological matdrigPazdro and Kozerski, 1990) - from
impermeable rocks (clays, clay loams, marls) td wetl very well permeable (mixed sands,
medium-grained, loose sands) and weak loam) ancdof#)ections of rocks as a soil substrate
with the Systematics of Polish Soils (PTG, 2018pbm black earth developed in heavy loam
(weight 0.1) to podzolic soils developed in looseltirgrained or slightly loamy sands
(weight 0.8);

B (Imperviousness Density 2018) - non-capped sarfexpressed by the degree of soll
permeability (values of 0.0-1.0 for the range o186 of completely impervious surface);

C (Tree Cover Density 2018) - potential interceptéoea expressed by the degree of crown
closure (values of 0.0-1.0 for the range of 0-10@f%he ground area covered by tree crowns
in the vertical projection);

D (Dominant Leaf Type 2018) - tree foliage type.elio the size of interception, the average
value of 10% (weight 0.1) reduction in precipitatizvas assigned to conifers, and 20%
(weight 0.2) to deciduous trees (Puchalski andiRkiesvicz, 1990; Wagner et al., 2013).

The values of the WPII index were calculated ughng raster algebra (after rasterizing the
vector map of surface forms to a resolution of 110xm), and then calculating the average of
all cells in a given spatial reference unit usihngZonal Statistics as Tabkinction (ArcGIS
10.2).

The average value of the infiltration-interceptiooefficient in subdistricts ranges
from less than 0.40 in the densely populated anéasddmie cie, Ochota and Wola to over
0.70 in the districts of Wawer (including Anin, Mizylesie, Miedzeszyn, Aleksandrow
subdistricts), Mokotow (Powsin) or Bielany (Bietki Forest, M ociny) (Fig. 4). Generally,
the lowest values are characteristic mainly for dbgntown part of the city with high soil
sealing (at least 0.23 - Mirow in Wola), while thegghest - peripheral areas with loose
development of single-family houses, and abovefalst areas characterized by the best
permeability of the subsoil (podzolic soils formedloose and multi-grained sands) and a
significant interception of compact tree crownse3é include the extensive forested areas
such as the Kabaty Forest (max. 0.93), the BaifiaForest, and the forests of the Mazowiecki
Landscape Park, part of which is located within #uninistrative boundaries of Warsaw
(south-eastern part of the city).



The presented spatial differentiation of the intbcawithin subdistricts is strongly
correlated with land use. Low values of the indicatre recorded in areas occupied by large-
area commercial facilities (0.09), while the highesin forest areas (0.84), and then
undeveloped green areas with the dominance of (eé%) and arranged greenery (0.69).

The ability of the substratum and trees canopy to regulate water conditions

Warsaw Value

of the infiltration-
interception coefficient
m 1.00

0.75
A 0.50

Mean value
of the infiltration-
interception coefficient

I <o0401(1]
0.40-0.50 2]
B 0.51-0.60 [3]
0.61-0.70 [4]

>0.70 [5]

:l city district

MSI subdistrict area

B Vistula river

Iceland [}d:lj o

Liechtenstein
0 25 5 10 km Norway grants
Data source: European Environment Agency (EEA), Warsaw City Hall I ) O S |

Authors: M. Degérski, B. Degdrska, J. Wolski, A. Affek, A. Kowalska, E. Regulska, J. Solon

Figure 4. The ability of the substratum and tresasopy to regulate water conditions

2.4. Regqulation of the chemical composition of th@tmosphere

This service belongs t®egulation and Maintenancgection andRegulation of physical,
chemical, biological conditiondivision in CICES V5.1. It can be further describasl the
regulation of the concentrations of gases in th@aphere that impact on global climate. The
subject of measurement is the use of vegetatioedalate the chemical composition of the
atmosphere, and the indicator is the mean totalanproductivity. As source data we used
the newly published (August 2021) high-resolutidd®d%10 m) Copernicus layer§otal
Productivity Season andTotal Productivity Season\alid for 2020, jointly representing the
total annual gross primary production. Total anmraductivity (in PPl x day, where PPl is
the value of the plant phenology index; (Jin anduk&h, 2014) for subdistrict areas and
particular land uses were obtained by calculatirgrhean of all cells in a given spatial unit
using theZonal Statistics as Tablinction in ArcGIS 10.2. The obtained indicatolues
ranges from 270 (Mirow subdistrict area) to 1594 (s0-called royal part of the Wilanéw



district) (Fig. 5). Generally, the lowest values aharacteristic mainly of the downtown part
of the city, while the highest of almost the entivélanéw district, the areas at the border of
Mokotow and Wawer, and the eastern part of Bika Higher values are associated with
large undeveloped and post-agricultural areas {leeg'wild" Vistula valley), extensive forest
areas (Kabaty Forest) or rural settlements with does. High productivity is also
characteristic of airports with adjacent areas ettbjto building restrictions (Okie,
Bemowo), old cemeteries (Porki). When it comes to particular land uses, loWuga are
recorded in areas occupied by commercial facilittdéces, industrial, warehouses, transport
infrastructure, but also by dense multi-family hiogs The areas with the highest productivity
are those related to agriculture, "wild" and arethgreenery, as well as allotment gardens
and green sports and recreational facilities.
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Figure 5. The use of vegetation to regulate thenited composition of the atmosphere

2.5. Regulation of air temperature and humidity

This service belongs t®egulation and Maintenanceection andRegulation of physical,
chemical, biological conditiondivision in CICES V5.1. It can be further describasl the
mediation of ambient atmospheric conditions (inolgdmicro- and mesoscale climates) by
virtue of presence of plants that improves livingnditions for people. The subject of
measurement is the unmet demand to reduce thet effearban heat island, and the
temperature difference form the reference areldsndicator. Multispectral images recorded
by the Landsat 8 satellite were used to directgsent the unmet demand for reducing the



urban heat island, i.e. lowering the temperatureuibanized areas. The Land Surface
Temperature (LST) was calculated primarily from tB&0 thermal channel, originally
recorded at a resolution of 100 x 100 m, and char#¥ and B5 at a resolution of 30 x 30 m
to introduce a correction for different ground esnigy.

In order to best capture the surface urban hemtdséffect and its spatial diversity as
well as the need for temperature reduction that lsansatisfied by ecosystems (mainly
vegetation), the following assumptions were mad dlse conditions at the time of recording
the satellite image:

- noon hours (11.00-13.00),

- peak of the growing season (optimally June),

- no precipitation (also within 3 days before teearding of the scene),

- no clouds,

- air temperature > 26 °C,

- wind speed < 5 m/s,

- follow-up solar radiation (on a plane on whicte tirect component of radiation falls
perpendicularly) > 900 W/m

One, almost cloudless (0.84% clouds) scene recatléd:34 local time on June 20,
2013 (scene ID: LC81880242013171LGNO1) was selefctethe analysis. This scene is the
only one from 2013-2021 that meets all the adoptateria. Historical, ground-based
meteorological data were obtained frartips://www.meteo.waw.pl/The selected scene is
from Landsat Collection 2 Level-land fully encomgess Warsaw within its administrative
borders. The layer presenting data from the B1Gnihe channel was already in pre-
processing resampled to a resolution of 30 x 30nthas such, together with the other 10
layers, was obtained from the USGS database usingrthiExplorer
(https://earthexplorer.usgs.gov/).

For LST calculations, a modified so-called singteitnel algorithm was used,
developed by Jimenez-Munoz et al. (2009), whiclegia Root Mean Square Error of 1 °C
compared to field survey data. The necessary paeamealues and the description of
individual steps were taken from the publicatioBsl{rino et al., 2004; Weng et al., 2004;
Wang et al., 2015; Avdan and Jovanovska, 2016)edlsas from the USGS website (https: //
www. .usgs.gov / landsat-missions / using-usgsdatievel-1-data-product) and GISCrack
(https://giscrack.com/how-to-calculate-land-surféa®perature-with-landsat-  8-images. /
LST calculations were carried out in ArcGIS softevanainly using the raster calculator
function, after clipping all layers to the admingive boundaries of Warsaw.

Based on the analysis of the histogram and spe#iabbility of the land surface
temperature in Warsaw, the value of 22.8 °C wasrtads reference. It is the minimum land
surface temperature at the time of measurementarsdWw, excluding water areas with lower
temperatures, including in particular the Vistulad® and Wilanéw Lake. The temperature in
the range of 22.8-23.5 °C was recorded in mostsaceaered with vegetation, including
forests and open areas (the cores of larger aeaabed the temperature in the range of 22.8-
23.0 °C). It was assumed that the surface temperatuthe Warsaw Basin at the time of



measurement would be around 23 °C, if not for thtbr@pogenic land transformation and the
related urban heat island effect. The final valtithe indicator, i.e. the difference (excess) of
the temperature from the reference temperature 22.8or city districts, MSI subdistrict
areas and particular land uses was obtained useifpnal Statistics as Tableol in ArcGIS
10.2.

The obtained indicator values (unmet demand) rafiges 10.4 °C in the Szamoty
subdistrict (former tractor factory) to 0.8 in tHabaty Forest (Fig. 6). At the district level,
Wawer and Weso a are characterised by the weakieah ineat island effect (below 4 °C),
while Ursus is the only district with an averageperature excess above 7 °C (7.4 °C). When
it comes to particular land use, definitely th@strest urban heat island effect occurs in large
shopping centres (10.5 °C) and in public transfamilities (9.3 °C). The lowest demand for
temperature reduction is found in surface waterS (C) and forests (2.1 °C), as well as
undeveloped greenery with predominance of treeks Q) and surface waters in parks (3.3
°C). Such low values indicate that the above-maeetibareas not so much add to the heat
island effect, but actually contribute to reducthgp effect in the neighbouring built-up areas.

Unmet demand to reduce the effect of urban heat island
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Figure 6. The unmet demand to reduce the effegthan heat island



3. CULTURAL SERVICES

3.1. Recreation in nature

In CICES V5.1, the service belongs to @@ealtural section,Direct, in-situ and outdoor interactions
with living systems that depend on presence inetdronmental settinglivision. It is based on
physical and experiential interactions with theunalt environment, which lead to improved health,
regeneration and entertainment. Four indicatore tmen developed for this service: two based on
expert assessment, one of which concerns the uheneind for recreation in nature, and the second
the use of blue-green infrastructure (BGI) for ayglrecreation, and two indicators based on social
assessment (participatory method), one of whicltems the potential and the other the actual use of
BGI for recreation.

3.1.1. Unmet demand of the city residents for rece¢ion and recuperation in nature

Recreation and recuperation in nature is of gneqortance for physical and mental well-being of
urban residents (Geary et al., 2021; Weinbrennal.e2021). It is ensured by green urban spaces,
which are more and more valued (increasing theaciweness of the place of residence) and
protected, but often lose out in the competitionlémd as the share of the population living inaub
areas continues to rise. Not only the area of gspawces is important, but also their spatial distron

in the city, which makes them accessible to alldex#ts (Nielsen and Hansen, 2007). The distance
from the place of residence to public urban operegrspaces in conjunction with their recreational
and aesthetic values seems to be of decisive ianpet(Grahn and Stigsdotter, 2003; Kothencz et al.,
2017).

The unmet demand of the city residents for reavgaith nature was estimated through the
proportion of the population living beyond the 30@30 m buffer from spaces dedicated to recreation
in nature in the subdistricts. After a detailed Igsia of the database with the city's functional
structure, provided by the Architecture and Spd®iainning Office of the Warsaw City Hall, seven
land use classes were selected (forests, arrangeth girban areas, unmanaged green urban areas
dominated by trees, other green urban areas, wataters in parks, sports and leisure facilities) a
those providing good conditions for direct, in-sétind outdoor interactions with living systems ity ci
and offering the possibility of recreation and ngexation in nature. Accessibility to green spaces
dedicated to recreation in nature was determinetivonscales: local and supralocal. For the local
scale, a distance of 300 m was adopted, measureal straight line from the green spaces,
corresponding to 5-6 min walk and a minimum are& b# ; for a supralocal scale, a distance of 1000
m and a minimum area of 2 ha (see ZwierzchowskaMirdajski, 2019; Studium uwarunkowa..,
2020). The demand for recreational services wasrithated based on the size of the population living
in each subdistrict. This data is based on telgmmagasurements taken in 2015 that shows the actual
number of people staying overnight from Monday tm#&y in a given subdistrict. The distribution of
residents according to the type of residential amea obtained by combining the distribution of
residents from the 2018 Urban Atlas database Wwighmap of residential areas from the Warsaw City
Hall. The obtained number of residents was weigiethat the sum for Warsaw was consistent with



the total number of residents from the telemetra dAfter separating the residential areas withi t
buffers 300 and 1000 m from the green areas, thpoption of residents living beyond 300/2000 m
the buffer from the areas dedicated to recreatigubdistricts was calculated. Due to the scopbeof
spatial data used, the area of analysis was linitdle city boundaries — green areas outside Warsa
were not taken into account.

The proportion of residents living beyond the 30uifer from green spaces dedicated to
recreation in nature ranges from 0% to 94 % in mibcts. High values of this indicator show a high
level of unmet demand for recreation in nature, iav share of green spaces in subdistricts aeit th
low availability at a distance of 300 m from thewg® of residence. All values greater than 0 mean an
unfavourable state, as they indicate unmet dembadem a small group of residents. In the city scal
26% of residents (in 114 out of 143 subdistricte) bt have access to green areas dedicated to
recreation, 300 m away from their place of resigeBetter availability of green areas in subdisdric
was reported at the supralocal scale (1000 m Qufféae indicator value greater than 0 was recorded
in only eight subdistricts (Fig. 7).

Unmet demand of the city residents for recreation in nature
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Figure 7. Unmet demand of Warsaw residents foesdmn in nature

3.1.2. The use of blue-green infrastructure (BGI)dr bicycle recreation

Many people choose the bicycle as a healthy, claeapenvironmentally friendly form of
transport. Such actions on a local scale are aipoitant on a global scale, as the benefits of
cycling emerge in areas such as efficient transgonironmental policy, industrial policy,



tourism, public health and social affairs (Puchad eéBuehler, 2012; ECF, 2018). An
invaluable advantage of urban cycling is also thsspility of direct contact with nature and
the multisensory perception of its values. To prtemoycling in cities, it is important to
identify the reasons why people cycle (Hull and @féran, 2014; Mertens et al., 2014) and
factors influencing route selection. In generahair greenery positively influences increased
physical activity (Hartig et al., 2014; James et 2015), however, the influence of BGI on
attractiveness for cycling is poorly recognizedthie scientific literature. Few studies show
that cyclists prefer routes in the vicinity of tse@Ghekiere et al., 2015; Mertens et al., 2016),
as well as with a significant share of urban gregrsend its varied forms (Nawrath et al.,
2019), while avoiding the main routes roads andrggctions (Winters et al., 2010; Krenn et
al., 2014). This shows the relationship betweeranrreen planning and an environmentally
friendly mobility policy and encourages the recagm of green streets as multifunctional
elements of BGI.

Two information resources obtained from the Arattitee and Spatial Planning Office
of the Warsaw City Hall were used to demonstrageube of BGI for bicycle recreation: (1)
vector map of Warsaw cycling routes (supplementiéld data from OpenStreetMap) and (2)
vector map of the city's functional structure, fravhich eight priority classes have been
identified: forests, developed urban green areadeweloped urban green areas dominated by
trees, other urban green areas (including agri@lland post-agricultural), water, water in
parks, areas with sports and recreational faglithe buffer analysis was used to calculate the
density and share of bicycle routes running in #n@nity of the BGI. The following
assumptions were made: (1) width of the doubleesidesft and Right) buffer designated
along all bicycle routes - 50/50 m, (2) unit measaent sections - 10 m in length.

More than a third of the 922 km bicycle routes iardaw are sections predestined for
recreation in nature, including L + R - 150 km @%) and L / R - 193 km (21%). The vast
majority of routes in the vicinity of the BGI argateways, pedestrian and bicycle routes and
the so-called other roads. The most blue-greenatstrom the cyclists' point of view are: in
terms of the density of routes running in the \igirof the BGI - Praga P6 noc (1.54
km/km?), and in terms of their share in the length ofeéhére network - Weso a (70.8%). On
the other hand, W ochy district is the lowest il abpects (0.1 km/kfnand 10%,
respectively). The division of Warsaw into MSI sigidct areas (Fig. 8) makes it possible to
distinguish a clear corridor conducive to cycliregneation in nature, created by the Vistula
river and adjacent areas. On the right bank ofritrer, the density of routes running in the
vicinity of the BGI is 0.74 km/kf(47% share in the network), and on the left badk66
km/kn? (27%), while the situation is the opposite for th&al network density (1.4 and 2.2
km/kn?, respectively).



Figure 8. The use of BGI for bicycle recreation

3.1.3. Use/potential of blue-green infrastructureBGl) for recreation

The subject of measurement is the potential and afsdlue-green infrastructure for
recreation, and the indicators: 1) review scordBGl on Google Maps and 2) number of
reviews of BGI on Google Maps. In Google Maps, eludyged in user can evaluate and
express his/her opinion on any object located iacep as well as enter a new object.
Assessment is made by assigning points (stars)smala of 1-5. It is also possible to leave a
comment/opinion and attach photos.

In order to calculate the values of indicators Wéarsaw, a detailed analysis of the
content of Google Maps was carried out within thig's administrative borders in terms of
the Outdoor & Recreation category, marked by défauGoogle Maps with the green tree.
This category includes, among others, subcategaieh as Park, Hiking area, Garden,
Historical landmark, Museum, Tourist attraction,kea Only those sites with at least 50
reviews of individual users (representativenessewaken into account, and these opinions
had to be mostly related to recreational value ltiegufrom the presence of blue or green
infrastructure (relevance). The vast majority otilides in the Outdoor & Recreation
category were assessed in this respect, althoege Were exceptions (e.g. outdoor museums,
playgrounds, so-called Jordan gardens, gardenguf] etc.). It should be noted that the
database of objects in Google Maps is mostly cdehyeordinary users, so the categories of
objects or their names are not always used congligtd here are also some objects that have



different functions, are inherently complex andritb more than one category. These types of
objects required more attention. It was only on bhasis of the review of opinions and the
recognition of supplementary materials (includinghophotomap, Wikipedia) that the
decision was made whether the object in questioa pat of the BGI and whether the
majority of opinions were related to recreatiomature. It was also assumed that the analysis
would only take into account facilities with unlied access (unfenced parks, lawns,
boulevards, city forests, walking areas, etc.) #wage with time-limited access and often paid
entry (e.g. parks closed at night, botanical amalagical gardens). Areas inaccessible to the
general public were rejected, including allotmeatdgns and closed private green areas.
Neither were cemeteries considered, which, althooftgn considered as BGI, were in the
vast majority assessed in Google Maps from an asthker than their suitability for recreation
in nature.

From the 207 selected objects meeting the aboverieri a spatial database was
created in the shapefile (shp) point format. Thbe,number of reviews, average score, and
subcategory for each BGI element were enteredth@attribute table. The indicator of both
potential (average review score) and utilizatioan(ber of reviews) relates to a particular
BGI element, but has also been generalized toitheistrict level. At the district level, the
aggregate BGI score is the simple average of dividual user scores assigned to eligible
BGI elements. The number of reviews is the simpha sf all of these reviews.

The indicator of using BGI for recreation in Warsakowing the number of reviews
in Google Maps, ranges from 50 (a predeterminegktiold value) to nearly 65,000 ( azienki
Krélewskie Park) (Fig. 9). The next positions imne of use are taken by the Municipal
Zoological Garden (36,000) and the Saxon Garde/®(23. At the level of Warsaw districts,
blue-green infrastructure enjoys the greatest mseddmie cie (almost 142,000 reviews) and
in Praga-P6 noc (42,000), and the lowest in We5b8) and Rembertéw (52).

The indicator of BGI potential for recreation in Waw, showing the users average review
score on Google Maps, ranges from 3.8 (includirgStovenian Square in Mokotow) to 4.9
(University Library Garden, Royal Castle Gardensl &wapricorn Park in the district of
W ochy). At the level of Warsaw districts, BGI hidxe greatest potential for recreation again
in rédmie cie (average score 4.73) and in Wilanéw (4.7), twedowest in Ursus (4.47) and
Rembertéw (4.4).



Figure 9. Use/potential of blue-green infrastruet(BGI) for recreation

3.2. Environmental education in nature

Environmental education covers all forms of adiggtdirected to the society, with particular
emphasis on children and young people, which ameediat increasing environmental
awareness, promoting specific behaviour benefié@al the natural environment, and
disseminating knowledge about nature. These aetsvére carried out by various educational
institutions, including schools and kindergartessaapart of the formal education. Many
studies to date have shown that the awarenesstifgécal processes and benefits of nature
increases with the frequency of direct interactiovith the natural environment, therefore
environmental education in nature is of particumaportance for promoting the principles of
sustainable development in the society (Affek armvKIska, 2017; Hutcheson et al., 2018;
Torkar and KraSovec, 2019). Taking into account risults of Wolsink’'s research (2016),
showing strong relationships between the numbescbbol excursions and the distance to
urban green areas, the potential for environmesdatation in nature was estimated through
the proportion of educational institutions withiret300 m buffer from green spaces dedicated
to education in nature in subdistricts.

After a detailed analysis of the database withdihgs functional structure, provided
by the Architecture and Spatial Planning Officalad Warsaw City Hall, six land use classes
were selected (forests, arranged green urban areasgnaged green urban areas dominated
by trees, other green urban areas, waters, watgrarks) as those providing good conditions



for direct, in-situ and outdoor interactions witivihg systems in city and offering the
possibility of environmental education in naturgeés with an area of2 ha were selected.
Accessibility to green spaces offering the pos$ybodf education in nature was studied by
distinguishing educational institutions (locatedtbe basis of a database with the functional
structure of the city) located within the buffenge of 300 m measured in a straight line from
the green spaces. The adopted distance corresporaisvalk of 5-6 minutes, which was
considered the maximum time that could be spentvalking during a typical 45-minute
lesson. The proportion of educational institutiomghin the 300 m buffer from spaces
dedicated to education in nature in subdistricts W&n calculated. Due to the scope of the
spatial data used, the area of analysis was linbdeéte city boundaries — green areas outside
Warsaw were not taken into account.

The indicator ranges from 0% to 100%. There aredwxrational facilities in 19 out of
143 subdistricts. The lowest values (<20%) werenaed in eight subdistricts in the districts
of: Wola, Mokotow, Wilanéw, W ochy, Bia oka and Wawer, while the highest (> 80%) in
62, located mainly in peripheral and adjacent ®\istula valley districts (Fig. 10).

Figure 10. Potential to conduct environmental etlanaof children and young people in
nature in the city of Warsaw
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