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1. Introduction

The aim of the second stage of the task conceraibgn ecosystems under the project
"Services provided by main types of ecosystemsoiarkl - an applied approach”, which this
report concerns, was to develop vector maps showeigcted and important services of
urban ecosystems on the national scale. Ecosystewceas (ES) indicators were selected
from the set of 78 indicators proposed by IGiPZ PANthe first stage of the project,
supplemented by new proposals, the implementatioiwhich became possible due to the
current availability of data. They constitute angwral and innovative approach in the
assessment of ES in cities, as well as an extemsitre set of indicators proposed earlier by
l. Zwierzchowska and A. Mizgajski (2019) relatedhe abundance and spatial distribution of
green infrastructure in the largest agglomeratmfreaur country.

The ten new indicators developed by IGIPZ PAN rédegprovisioning services (use of
agricultural space in metropolitan areas to meetritranal purposes), regulation and
maintenance services (regulation of hydrologica&leyincluding flood control; regulation of
air temperature and humidity; air purification froparticulate matter; regulation of the
chemical composition of the atmosphere; maintenasicenursery populations of living
organisms) and cultural services (the possibilityeareation and recuperation in nature). The
selection of services and the indicators descritiiegn was based on their significance for the
well-being of urban residents. The indicators reééeES potential, use or unmet demand, as
suggested by Maes et al. (2020). Most of the preghasdicators may refer to more than one
service, as it is often the case that servicesapjogether repeatedly in time and/or space,
forming so called ES bundles. The indicators wateutated for all 20 functional urban areas
(FUA) in Poland with the status of a metropolitaaaa(FUA250), i.e. those with a population
of over 250,000, according to the OECD classifmatnd delimitation (2021). Calculations
were carried out for the entire FUA, as well asifsrurban centre and commuting zone (Fig.
1). Raw indicator values for each service wereassified to 1-5 rank scale to show the
relative ES use, potential or unmet demand andditithte comparisons among FUAS.
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Fig. 1. Functional urban areas (FUA) with the statdi a metropolitan area (FUA250) in
Poland according to OECD (2021)

2. Ecosystem Services

2.1. Provisioning Services

2.1.1. Potential use of agricultural land in the metropolitan area for
nutritional purposes



Ecosystem service: Provision of food

Section: Provisioning; division: Biomass; group:ltated terrestrial plants for nutrition,
materials or energy; Class: Cultivated terrestpiaints (including fungi, algae) grown for
nutritional purposes (code: 1.1.1.1).

The subject of the measurement is the potential afseagricultural land in the
metropolitan area for nutritional needs. A servit&rovision of food” is determined
indirectly, based on the soil resource of metrdpoliareas for their potential use for
cultivated terrestrial plants grown for nutritiongiirposes. In the literature, total and per
capita agricultural area is treated as one of tlstnimportant elements of the production
potential of agriculture in Poland @ara, 2017).

Two indirect indicators were proposed to assespdiential of this service:

— land resources for cultivated terrestrial plaer gapita (Fig. 2). The indicator was
constructed as the quotient of the sum of the afearable land, orchards and permanent
grassland of a given unit divided by the populatibthat unit (are per capita)

— share of land for cultivated terrestrial planig(F3). The indicator was constructed as the
share of the area of arable land, orchards andgeent grassland defined for the FUA, urban
centres and commuting zones, in the area of thase (%6).

For both indicators, statistical data were obtaifrech the "Local Data Bank" of the
Central Statistical Office (data available for stdel years).

Potential use of agricultural land in metropolitan areas for nutritional purposes (1)
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Fig 2. Potential use of agricultural land in metl@an areas for nutritional purposes (1)



Potential use of agricultural land in metropolitan areas for nutritional purposes (2)
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Fig. 3. Potential use of agricultural land in mewbtan areas for nutritional purposes (2)

The need to maintain strategic soil resources foncaltural production is of great
importance, including to residents of metropolitaras. Despite the globalised food market,
food self-sufficiency is gaining importance, espdgiin crises. This is in line with EU policy
From farm to fork There is also a partial change in the consumptiodel, leading to an
increase in the demand for healthy food and locadlgcts. In addition, it has an impact on
eliminating unnecessary transport due to short Iguppains to large urban centres. In
addition to provisioning services, other related/ees, both cultural and regulating, can also
contribute to the increasing importance of FUAsi@gture. Nevertheless, in addition to
human benefits, agriculture also generates risks,te water and soil quality, which can be
described as disservices.

2.2. Regulation and Maintenance Services

2.2.1. Key regulating services provided by trees in metropolitan areas

In an urban environment, we face a number of psEthat negatively affect people's well-
being. They include, among others pollution of agil and water, rapid rainwater runoff and
risk of flooding, urban heat island and summer \wagés (Livesley et al., 2016). It has long
been known that trees are an integral part of tive@mental quality of cities around the. At
the same time, there is a growing awareness of/dhee of ecosystem services that urban
trees and forests can provide to the world (TuBleff and Cavender, 2019). Below, we



present indicators of the use of three regulatergises provided by trees, which are essential
for urban environment.

2.2.1.1. Hydrological cycle and water flow regulation, including flood control

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 water flows by virtue of the chemieald physical properties or characteristics
of ecosystems that assists people in managing sind iydrological systems, and mitigates
or prevents potential damage to human use, healdafety. The subject of measurement is
the use of trees to regulate the hydrological ¢yeleluding flood control, in metropolitan
areas, and the tree cover is the indicaAgrsource data we used the high-resolution (10 x 10
m) Copernicus layefree cover densityalid for 2018. Each raster cell contains infornomt
on the percentage of the Earth's surface coverdtebycrowns. Tree cover (in %) for FUAS,
their urban centres and commuting zones were aatdiy calculating the mean of all cells in
a given spatial unit using tti#onal Statistics as Tabkinction in ArcGIS 10.2. The obtained
indicator values ranges from 14% to 42% for theremhetropolitan areas, 10-29% for urban
centres, and 14-43% for commuting zones (Fig. &g Tree cover in the urban centres is
significantly lower compared to the commuting zgnas average by 5.3% (t 3.11; p =
0.006).

The use of trees to regulate the hydrological cycle, including flood control,
in metropolitan areas
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Fig. 4. The use of trees to regulate the hydrokdgiycle, including flood control, in
metropolitan areas

2.2.1.2. Regulation of air temperature and humidity



This service belongs t®egulation and Maintenancgection andRegulation of physical,
chemical, biological conditiondivision in CICES V5.1. It can be further describasl the
mediation of ambient atmospheric conditions (incigdmicro- and mesoscale climates) by
virtue of presence of plants that improves livingnditions for people. The subject of
measurement is the use of trees to regulate apdeature and humidity in residential areas of
metropolitan areas, and the tree cover in residieateas is the indicator. As source data we

used the high-resolution (10 x 10 m) Copernicugidyee cover densityalid for 2018, and
CORINE Land Cover data for 2018. Tree cover (in fos) FUAs, their urban centres and
commuting zones were obtained by calculating themu# all cells in residential areas (CLC
classUrban fabrig in a given spatial unit using théonal Statistics as Tabl&inction in
ArcGIS 10.2. The obtained indicator values rangesf6% to 16% for the metropolitan
areas, 6-15% for urban centres, and 5-16% for cammuones (Fig. 5). The capital city
FUA (Warsaw) reached maximum values for each ratereunit (FUA, urban centre and
commuting zone). Interestingly, tree cover in resithl areas of the urban centres is
significantly higher compared to residential aredsthe commuting zone, although on
average only by 1.1% (t = 2.62, p = 0.017).
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metropolitan areas

2.2.1.3. Purification of the air from particulate matter



This service belongs tdregulation and Maintenancaection andTransformation of
biochemical or physical inputs to ecosystedngsion 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, dy&ct 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 mattep@liution from anthropogenic sources in
metropolitan areas, and the number of trees pesopeis the indicator. As source data we
used the high-resolution (10 x 10 m) Copernicusidyee cover densityalid for 2018. Tree
cover (in %) for FUAS, their urban centres and carting zones were obtained by calculating
the mean of all cells in a given spatial unit usthg Zonal Statistics as Tablinction in
ArcGIS 10.2. After correction due to different inplata, the average crown size of 188 m
derived from the Map of Tree Crowns for Warsaw dittzzw.waw.pl/2021/02/26/miliony-
warszawskich-drzew-na-jednej-mapie/) was adoptedafioFUAs for the transformation of
tree cover into the number of trees. Then, the rauno trees obtained in the reference unit
was divided by the population obtained from the dldeata Bank of the Central Statistical
Office, valid as of December 31, 2020. The obtaimelicator values ranges from 21 to 157
for the metropolitan areas, 3-12 for urban centaes, 48-440 for commuting zones (Fig. 6).
The number of trees per person is much lower immurtentres compared to the commuting
zones, on average by as many as 123 trees penféersé.89, p < 0.0001).

The use of trees to reduce particulate matter air pollution from anthropogenic sources
in metropolitan areas
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in metropolitan areas




2.2.2. Regulation of the chemical composition of the atmosphere

This service belongs t®egulation and Maintenanceection andRegulation of physical,
chemical, biological conditiondivision in CICES V5.1. It can be further describasl the
regulation of the concentrations of gases in theaphere that impact on global climate. The
subject of measurement is the use of vegetationetmopolitan areas to regulate the chemical
composition of the atmosphere, and the indicatothes average total productivity in the
growing season. As source data we used the newbjisped (August 31, 2021) high-
resolution (10 x 10 m) Copernicus lay&ptal Productivity Season Yalid for 2020,
representing the total gross primary production tie main growing season. Total
Productivity (in PPI x day, where PPI is the vahfethe plant phenology index (Jin and
Eklundh, 2014) for FUAs, their urban centres andanicmting zones were obtained by
calculating the mean of all cells in a given spatiait using theZonal Statistics as Table
function in ArcGIS 10.2. The obtained indicator ued ranges from 1081 to 1400 for the
metropolitan areas, 839-1340 for urban centres183@-1440 for commuting zones (Fig. 7).
The average total productivity in the urban cenisesignificantly lower compared to the
commuting zones, on average by 187 PPI x dayl5% (t =-8.82; p < 0.001).

The use of vegetation in metropolitan areas
to regulate the chemical composition of the atmosphere
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Fig. 7. The use of vegetation in metropolitan ateaggulate the chemical composition of the
atmosphere
2.2.3. Lifecycle maintenance, habitat and gene pool protection

The particular services included in the cliksntaining nursery populations and habitats
(Including gene pool protectiom CICES v5.1 can be handled very differently,aadang to



the thematic scope of these services, as they oraem, for example: (a) all or only selected
groups of species, (b) habitats essential foifaldrocesses or only species reproduction, (c)
individual habitats or habitats and the ecologomatidors connecting them (compare: Affek
et al., 2020). Without going into more detailed iderations, we present sample indicators
representing two different approaches to the issue.

2.2.3.1. Maintaining nursery populations of species

This service belongs t®egulation and Maintenancgection andRegulation of physical,

chemical, biological conditiondivision in CICES V5.1. It involves providing conidins for

the sustained occurrence and reproduction of spepm@pulations, while maintaining

appropriate levels of genetic diversity. The obmaneasurement is the presence of potential

habitat and breeding sites for local native speaiesvell-developed ecosystems of high

biodiversity, and an indicator of the potential tbfs service is the area share of specific

categories of protected areas. The service wasss$sbdy means of two indicators:

A. Total share of national parks, landscape paric rmature reserves in the reference area
(OCHRONA1)

B. Total share of national parks, landscape par&syre reserves and NATURAZ2000 sites in
the reference area (OCHRONAZ2)

Spatial data on the distribution, names and typerofected areas of the following
categories: national parks, reserves, NATURA20@8s4Special Protection Areas — SPAs —
for birds, Special Areas of Conservation — SACser-species other than birds, and for habitat
types), landscape parks were derived from theiaffdatasets of the General Directorate for
Environmental Protection (in shp format). The valwé both indicators were calculated for
the three types of reference plots: the FUA urbeamntre, FUA commuting zone and the entire
FUA.
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Potential habitat and breeding sites for native species in metropolitan areas

N FUA250 Urban centre and commuting zone

s ) & "“”“gi.. ) Share of protected areas
) £ o g K o [%]
i S _~\Olsztyn i 1 Qlsztyn
£ Py

faszzen  pyigossce M Bty <5.0(1]
o £ i 5.0-10.0 [2]
‘ozna (’7 4

] 101-15.0(3]

A B 1512004

I -200(5

A. National parks, nature
reserves, landscape parks
B. National parks, nature
reserves, landscape parks,

S Natura 2000 sites
‘0‘51‘)’" 1
B\u?ysmkr
\Werszaws

: lceland Pd:l:‘
Authors: J. Solon, E. Regulska, J. Wolski, A. Affek, M. Degérski, B. Degérska, A. Kowalska Lisohtenstein
0 75 150 300 km || Norway grants

Data source: Central Register of Nature Conservation Forms (GDOS) I Y T |

Fig. 8. Potential habitat and breeding sites fdiveaspecies in metropolitan areas

The obtained indicator values of OCHRONA1 rangesmfr0.2 to 30% for the
metropolitan areas, 0-23% for urban centres, ateBD% for commuting zones, while the
obtained indicator values of OCHRONAZ2 ranges frono %1% for the metropolitan areas,
0.2-39% for urban centres, and 4-45% for commutimges (Fig. 8).

2.2.3.2. Maintaining ecological connectivity between populations and habitats

This service belongs t®egulation and Maintenancgection andRegulation of physical,
chemical, biological conditiondivision in CICES V5.1. It involves providing conidins for
movement of individuals of particular species betw&cations suitable for reproduction and
safe foraging. The object of measurement is thentia for movement and gene pool
exchange between populations of large forest masnmalmetropolitan areas, and the
indicator is the calculated numerical characterssof the shortest path between the most
distant forest patches within the FUA. This serwi@s assessed by means of two indicators:
A. Relative resistance of the shortest p&BIEZKA1)

B. Relative number of steps of the shortest pS@IEZKA2)

The base material was 2018 CORINE Land Cover dataas assumed that land
cover diversity corresponds - in simplified term® -ecosystem diversity. In the first step of
the procedure, two patches of forest within eackrapelitan area (FUA) were selected that
were as far apart as possible, but within the egfeg unit. The Euclidean distance (in km)
between the boundaries of these forest patchesthess determined from the map. This

11



distance was used to create relative index valagbe next step, the path of least resistance
was defined in GraphScape.

GraphScape software uses a vector map represeigicrgte spatial units for analysis.
The basis of the analyses is a complete graphrofemions (boundaries) between all patches.
The basic task of the program is to define suclath petween two patches (defined as the
sequence of patch boundaries to be crossed andiraddsy the number of these boundaries)
that has the least resistance. The path resisitandefined as the sum of the resistances of
crossing (transfer resistance), staying (patchsctasistance) and leaving (individual patch
resistance). Patch class resistance is determinduebsuitability of the patch for the species,
process, or phenomenon being analyzed. In practogability is not determined for
individual patches separately, but for patch clas$bae relevant data are entered as a separate
table. Resistance to stay is not an intrinsic valuthe map, but depends on the issue being
analyzed. Transfer resistance depends on struchahitat and functional similarity between
adjacent patches (the more similar the patchedptier the transfer resistance). The data are
entered as an additional cross table (matrix) wiieeeusers define the similarity/resistance
values themselves. Passage resistance is a chistactef the patch types depicted on the
map and does not depend on the detailed task a&uhipzthe program (Pomianowski and
Solon, 2020). For the purpose of determining ttdicators, only the variation of stay and
passage resistance was taken into account.

The resulting paths (represented as a polyline edimg the centroids of the patches
through which it passes) were characterized byriwmerical values. The first was the total
path resistance and the second was the numbertch paundaries crossed. Due to the
different size of FUAs, direct comparison of valdes different FUAs can be misleading.
Therefore, relative metrics, related to the 10 knedd distance between patches (rather than
path length), were used for comparison purposee ®btained indicator values of
SCIEZKA1 ranges from 0.357 to 1.610 for the metropolitareas, while values of
SCIEZKA2 ranges from 2.375 to 7.357 (Fig. 9).
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in metropolitan areas

Potential for movement and gene pool exchange among populations of large mammals
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Fig. 9. Potential for movement and gene pool exghamong populations of large mammals
in metropolitan areas

2.3. Cultural Services

2.3.1. Recreation and recuperation in nature

Recreation and recuperation in nature is of gnegiortance for physical and mental well-
being of urban residents (Geary et al., 2021) knsured by green urban spaces, which are
more and more valued (increasing the attractivengtise place of residence) and protected,
but often lose out in the competition for land s share of the population living in urban
areas continues to rise. Not only the area of gsgates is important, but also their even
spatial distribution in the city, which makes thewxtessible to all residents. The potential of
metropolitan areas for recreation in nature wasmeséd through the share of spaces
dedicated to the provision of recreation servicdsereas the unmet demand - through the
proportion of residential areas beyond the 300/180(uffer from spaces dedicated to
recreation in nature.

After a detailed analysis of the 2018 Urban Atlasatase, six classes were selected
(14100- urban green areas, 1420Gsports and leisure facilities, 310080forests, 32000 -
herbaceous vegetation, 40000wetlands and 50000 water) as those providing good
conditions for direct, in-situ and outdoor interans with living systems in cities and offering
the possibility of recreation and recuperation atune. The share of these classes in the FUA
urban centre and commuting zone was calculatedised as an indicator of ES potential.
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Accessibility to green spaces offering the posisybdf recreation and recuperation in nature
was determined on two scales: local and supralécalthe local scale, a distance of 300 m
was adopted, measured in a straight line from tleergspaces, corresponding to 5-6 min
walk; for a supralocal scale, a distance of 1000amd a minimum area of 2 ha (see
Zwierzchowska and Mizgajski, 201Studium uwarunkowa ..., 2020). The demand for
recreational services was related to the resideatéms corresponding to the five categories
of the Urban Atlas: 11100 eontinuous urban fabric (S.L. >80%)1210 —discontinuous
dense urban fabric (S.L.: 50-8094)1220 -discontinuous medium density urban fabric (S.L.:
30-50%) 11230 -discontinuous low density urban fabric (S.L.: 10430 11240 -
discontinuous very low density urban fabric (S.IL0%). The proportion of residential areas
beyond 300/1000 m buffers to all residential argagin the FUA urban centre and
commuting zone was than calculated and used asdarator of ES unmet demand.

For the 20 selected FUAs (metropolitan areas)stiage of green spaces dedicated to
the provision of recreation services ranges fro¥ 18 58% in urban centres and from 15%
to 50% in their surroundings (commuting zones) (E©).

The percentage of residential areas beyond thar80Qffer from spaces dedicated to
recreation in nature in all residential areas rarfgem 6% to 42 % in urban centres and from
18% to 55% in their surroundings (commuting zor{€&). 11). High values of this indicator
show a high level of unmet demand for recreationature, i.e., low share of green spaces in
urban centres/FUAs and their low availability adigtance of 300 m from the place of
residence. All values greater than 0 mean an unfabbe state, as they indicate unmet
demand of even a small group of residents. Betieailability of green areas in the urban
centres was reported at the supralocal scale (&0BQffer). The indicator ranges from 0% to
12%. However, in the commuting zones access tngspaces at a distance of 1000 m from
the residential areas is smaller compared to udesutres, the indicator ranges from 1% to
51% (Fig. 11).
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The potential of metropolitan areas for recreation in nature

FUA250 Urban centre and commuting zone
-7.7./,’ Gdanskc; ¥ e -— T .
e -—— Olsztyn 3 il ) .O'SZW" \
wzczecin Bydgoszcz * Biatystok ;‘ ; “Szczecin Bydgoszcz Biatystok r
/ & Warszawa ( h Miarazata \“-
~ 5 Torun o %, & 4 \- & o
i (i‘ f Poznan i /5‘
-

Wiockaw ¢ Czestochowa

t
Lo I
Bielsko-Biata', = _rakow, Rzeszow /

N - )

- "Nowy Sacz \**—\__‘,

IGiPZ

The share of spaces
dedicated to the provision
of recreation services

[%]

[ J<1s0m

[ 15025012

[ 25.1-3501(3)

B 35.1450 4]

Bl > 45005

Iceland [Flj:l:‘

Authors: A. Kowalska, J. Wolski, A. Affek, M. Degorski, B. Degorska, J. Solon, E. Regulska

Data source: Urban Atlas 2018

0 50 100 200 km
O

Liechtenstein
Norway grants

Fig. 10. The potential of metropolitan areas fareation in nature

Unmet demand for recreation in nature in metropolitan areas
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