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was to work out the procedure of quantitative and cost evaluation of ecosystem services
of green spaces for public use and search for opportunities to present the received
information to stakeholders. For this, an inventory of green spaces was carried out with
the measurement of their biometric and sanitary indicators. For quantitative and cost
assessment of the ecosystem functions of plantations and individual trees, the i-Tree Eco
toolkit was used, and the Google My Maps application was used for their visualization.
The conducted study helped obtain information about individual ecosystem functions
of green spaces (reduction of pollutants, carbon absorption and sequestration, oxygen
production volumes and regulation of surface water flows). As part of this utility, the
annual ecosystem function for the absorption of 770 kilograms of harmful compounds
(ozone, carbon monoxide, nitrogen dioxide, and particles of various sizes) was calculated,
which is estimated at UAH 128,648,000 annually; reduction of air pollution by 7.43
metric tonnes of gross carbon sequestration (19 kg per 1 plant), with an estimated cost
of UAH 41,028,000 and a reduction of water runoff by 684.9 cubic meters, which is
estimated at UAH 47,042 of annual utility. Furthermore, as of the moment of the study,
the researched green spaces retain carbon in their tissues, which creates an ecosystem
benefit in the amount of UAH 1,493,009 thousand (€36,901). The highest indicators of
ecosystem usefulness are inherent in park stands, while the trees and bushes of the
central part of the city are more effective in absorbing pollutants. Trees capable of
achieving significant biometric indicators in local conditions are characterized by greater

Suggested Citation:
Bidolakh, D., & Kolesnichenko, O. (2023). Assessment of ecosystem functions of public green spaces in the city of
Berezhany, Ternopil region. Scientific Horizons, 26(8), 96-108. doi: 10.48077/scihor8.2023.96.

Copyright © The Author(s). This is an open access article distributed under the terms of the
~ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



Bidolakh & Kolesnichenko

ecosystem productivity. The conducted study creates conditions for better awareness of the ecosystem value of green
spaces, but its popularization is also important. The practical value of the results also lies in the possibility of bringing
them to authorities, enterprises, and organizations, activists and other stakeholders, which will create conditions for
improving environmental awareness, promoting the security and protection of tree stands, improving management
and making informed decisions in the field of green construction

Keywords: monetization; utility; tree and shrub services; i-Tree Eco; urban landscapes; environmental awareness

INTRODUCTION

A promising modern area of scientific research of ur-
ban landscapes is the search for new opportunities and
approaches to the assessment of ecosystem functions
of green spaces. Therefore, the analysis of advanced
global practices and the possibilities of using the lat-
est tools in this field, together with the implementation
of applied research on obtaining information on the
volumes and assessment of ecosystem services of tree-
shrub vegetation, is characterized by relevance.

It is common knowledge that urbanization pro-
cesses in most cases lead to negative changes in the
environment (Nyelele et al., 2019). Specifically, accord-
ing to Wolf et al. (2020), simultaneously with the growth
and development of settlements, a consequent deterio-
ration of climatic, hydrological, and biotic conditions of
the urban environment occurs, which adversely affects
the health of residents of settlements. Furthermore, ac-
cording to other scientists, such as Wong et al. (2018),
due to built-up density, urban landscapes experience
higher levels of pollution, biodiversity loss, and social
inequality compared to rural areas. Under such condi-
tions, green spaces become important for cities, which,
according to the conclusions of Rotzer et al. (2019) can
not only mitigate the consequences of this negative im-
pact but improve the condition of urban landscapes and
create optimal conditions for human habitation. These
properties of tree and shrub plantations, or the benefits
they can provide for the environment, are called eco-
system functions or ecosystem benefits of green spaces.

The study of various possibilities and approaches
to the quantitative measurement and valuation of the
ecosystem functions of trees and shrubs, according
to researchers (Bidolakh et al., 2023), is characterized
by relevance, as evidenced by the constant increase
in the number of scientific publications in this filed
(Velasco-Munoz et al., 2022) and the growing interest
of the international community (Yang & Khan, 2021,
Esperon-Rodriguez et al., 2022; Gaglio et al., 2023) in
the implementation of the results of these studies in
the practice of ensuring the sustainable development of
settlements. At the same time, in Ukraine, according to
the author (Pryshchepa, 2019), this process takes place
much more slowly and, according to the conclusions of
scientists (Havrylenko & Tsyhanok, 2019), there is an
urgent need to develop methodological and applied
principles for evaluating the ecosystem functions of
green spaces, considering the benefits they produce for

the environment and society. Therefore, the study of the
possibilities of using modern approaches and tools for
evaluating the ecosystem services of urban plantations
for the conditions of Ukraine is relevant and requires
further theoretical substantiation and applied research.

As the object of this study, the methodology of ob-
taining information about individual ecosystem func-
tions of green spaces for their quantitative and cost
evaluation was chosen. The purpose of this study was
to investigate the possibilities of determining the eco-
system benefits of public green spaces using the i-Tree
Eco toolkit and the possibility of presenting the ob-
tained information to local authorities, the academic
community, public organizations, environmental activ-
ists, and other stakeholders. To fulfil this purpose, the
main tasks were set as follows: to measure the biom-
etric indicators of the tree-shrub vegetation together
with the development of the methodology for the per-
formance of works to determine the quantitative and
value indicators of ecosystem functions; performing an
analysis of the received information in terms of various
ecosystem services, categories of plantations, species
composition, and other indicators, as well as working
out the possibility and perspectives of presenting the
obtained results.

LITERATURE REVIEW

An important requirement today in the context of
the balanced development of settlements around the
world is their sustainable development. In such op-
erating conditions, according to scientists Wong et al.
(2018), green infrastructure is the basic concept of us-
ing an ecosystem approach to enhance the sustaina-
ble development of urban landscapes. According to the
research by various authors (Castro-Diez et al., 2019),
tree and shrub plantations, as an integral element of
urban ecosystems, provide critically important ecosys-
tem functions for the safe existence and well-being of
residents, such as improving air quality by removing
pollution and reducing noise, protecting and purifying
water, protecting and stabilizing the soil, improving
and regulating the microclimate, mitigating the con-
sequences of urbanization, improving the biological
interchange of the matter, preserving biodiversity, etc.
Apart from socio-economic benefits, phytolandscapes,
according to Castro-Diez et al. (2019) and Nyelele et al.
(2019), produce intangible benefits, such as cultural
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and educational services, aesthetic values; activation of
mental processes, awareness of one’s own identity, etc.

Back in the 1990s, many participants in various in-
ternational conventions recognized the ever-growing
need for international scientific assessment of ecosys-
tems. Therefore, in 2005, scientists and activists devel-
oped the international program “Millennium Ecosystem
Assessment” (Millennium Ecosystem Assessment, 2005),
the purpose of which was to obtain scientifically sound
information about changes in ecosystems with the in-
vestigation of their impact on people’s well-being to
develop appropriate measures. The participants of the
program determined that currently there are enough
opportunities to preserve and even improve the quality
of ecosystems, by replacing some services they provide
with others, or by ensuring a positive synergistic interac-
tion between them. However, in practice, the ecosystem
services of urban landscapes are rarely considered dur-
ing actual urban design and urban infrastructure plan-
ning due to the lack of sufficient fundamental research
and recommendations in this area (Song et al., 2020).

In the conditions of the need to ensure the sus-
tainable development of settlements, the awareness of
the underestimated role of green spaces in creating a
comfortable and safe living environment for their res-
idents should stimulate the implementation of regu-
lar measures regarding the caring attitude, protection,
qualitative and quantitative reproduction of spaces
in urban landscapes (Bidolakh et al., 2023). In turn, to
improve the awareness of the usefulness of trees and
shrubs for urban ecosystems, it is important to inves-
tigate the value of phytolandscapes in this regard and
to present the obtained results both to specialists in-
volved in green economy, and to governing bodies
and a wide scope of consumers of ecosystem services,
which are all residents of settlements (Vallecillo et al.,
2019). Under such conditions, in the absence of a direct
financial expression of ecosystem services produced
by green spaces, degradation and loss of these objects
due to their underfinancing is observed (Havrylenko
& Tsyhanok, 2019). Many researchers in various parts
of the planet (Croci et al., 2022) testify to the constant
growth of the demand for the assessment of ecosystem
services of green spaces around the world.

Notably, the material part of the utility of plan-
tations, such as wood products, pulp, by-products, leaf
mass, etc., according to Castro-Diez et al. (2019) is much
easier to estimate since many mechanisms have already
been developed in this area. While the quantification and
evaluation of the environmental benefits and services of
green spaces stays a current hot topic, so does its im-
plementation in urban design and planning (Song et al.,
2020). Furthermore, as noted by scientists (Steenberg
et al., 2017), to ensure constant and regular support of
ecosystem services, the process of quantifying them and
investigating the vulnerability of green spaces is im-
portant. According to other scientists (Wolf et al., 2020),
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in general, urban planning and management of green
spaces should strategically promote the development of
trees and shrubs as a social determinant of public health,
while quantitative understanding of complex synergies,
trade-offs and dependencies on the interaction of dif-
ferent components of urban landscapes, according to
Castro-Diez et al. (2019), is essential for achieving the
sustainable provision of ecosystem services.

According to researchers (Wong et al., 2018), the
overall increase in the global sustainability of settle-
ments is only possible if the ecosystem services of
green spaces are increased, along with the simultane-
ous reduction of the environmental load on urban land-
scapes. In this process, a vital component is the aware-
ness of both the benefits of each individual plant and
the plantation as a whole, because each individual tree
can affect the microecosystem, and in different plan-
tations, these effects can extend to the neighbouring
built environment (Franceschi et al., 2022). The results
of research by other scientists (Song et al., 2020) proved
that diverse types of urban green spaces are extremely
heterogeneous, characterized by different plant groups,
structure, and biodiversity, and have different purposes,
which is also reflected in their ecosystem functions. In
this context, evaluating the usefulness of public plant-
ings, it should be noted that according to the Rules for
the maintenance of green areas in populated areas of
Ukraine (Order No. 105, 2006), these phytolandscapes
are located on the territory of parks and gardens of
various locations and purposes, squares, boulevards, on
slopes, embankments, and other areas that have free
access for recreation. Therefore, this category of plan-
tations should be of maximum benefit to the inhabit-
ants of settlements, who regularly use these ecosystem
functions without always comprehending their value.

Evaluating the prospects of current research in the
field of evaluating the ecosystem functions of green
spaces, one should note the importance of further in-
vestigating the processes of introducing ecosystem pay-
ments (Gaglio et al., 2023), improving decision-making
by stakeholders, mechanisms for returning investments
(Roman et al., 2020), optimizing the structure and com-
position of urban green spaces to maximize the provi-
sion of ecosystem services (Song et al., 2020), practical
studies on the dependence of ecosystem functions on
individual plant species and their biological metric pa-
rameters (Wolf et al., 2020). A separate major area of
research is the methodological substantiation of the
procedure for obtaining and using information about
the ecosystem functions of green spaces, including the
involvement of modern tools for performing work and
presenting the obtained results. In this area, there is a
lot of work on improving the procedure for obtaining
information about biometric indicators of plants during
their inventory, by involving global positioning systems
(GPS), methods of remote sensing of the earth (RSE),
geographic information systems (GIS), modern mapping




systems and services, electronic maps, geoportals, etc.
(Bidolakh & Lakyda, 2019). One of the promising areas
of research in this field is also the involvement of a spe-
cial i-Tree Eco toolkit for investigating certain ecosys-
tem services of green spaces and their replacement cost
(Song et al., 2020). However, this toolkit is not widely
used to investigate the ecosystem functions of trees and
bushes in Ukraine and needs a more detailed approval
regarding suitability for the conditions of Ukraine, ef-
ficiency and feasibility of use in this area of research.

MATERIALS AND METHODS

As an experimental base of the study, green spaces of
public use growing in the territory of the city of Berezh-
any, Ternopil region, were used. The field collection of
materials was performed during June-August 2022 in
the territory of the central part of the city of Berezhany
(1.64 ha), Pryzamkovyi park (3.6 ha) and the city square
on the Ternopilska street (0.6 ha). The total area of the
study base was 5.84 ha. Its location can be described by
the following values of geographic coordinates: north
latitude within 49.445481°-49.447314° and east longi-
tude within 24.937804°-24.946753°.In total, 390 trees
and bushes were included in the inventory at this facility.

For the researched public green spaces, an inventory
was performed during the growing season according
to the instructions for the inventory of green spaces in
populated areas of Ukraine (Order..., 2014). Simultane-
ously with the implementation of the recommendations
of this instruction, the biometric indicators of trees and
shrubs were additionally measured to determine their
ecosystem functions per the recommendations of the
USDA Forest Service (2021) for their assessment using
i-Tree Eco tools. Such indicators include geolocation of
each tree and bush; land use category; plant height from
the ground surface to the base of the crown and from the
beginning of the crown to the top of the plant; the di-
mensions of the projection of the crown in two mutually
perpendicular directions; the percentage value of the
lost and dead parts of the crown (if any), as well as the il-
lumination of the plant from four sides and from above.

Species of tree-shrub plants were established ac-
cording to the definition of Dobrochaeva & Prokudin
(1999). The age of the plants was determined by mor-
phological characteristics. The diameters at breast
height (DBH) of trees and bushes were measured using
an aluminium measuring fork according to the rules of
forest inventory, and in some cases a tape measure was
used. Plant height was determined with Anuchin’s al-
timeter. Geolocation of trees and bushes was performed
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using the Garmin GPSMapé64s receiver in the geographic
coordinate system. USDA Forest Service recommenda-
tions (2021) were used to determine the land use cat-
egory, the percentage value of the lost and dead part
of the crown, and the illumination of the crown. Clar-
ifying and correcting the locations of plants, based on
the results of their geolocation with a GPS receiver, was
performed according to the methodology (Bidolakh &
Lakyda, 2019), which helped increase the accuracy of
the final coordinates of the park’s plants.

After collecting field materials, they were processed
according to the recommendations of the USDA Forest
Service (2021) and entered into the i-Tree Eco tools
software. After processing the information entered into
the software, the results of the assessment of individual
ecosystem functions of green spaces (reduction of the
amount of pollutants, carbon absorption and seques-
tration, volumes of oxygen production and regulation
of surface water flows) of each tree in particular and
the plantation as a whole were obtained. These indi-
cators were obtained in quantitative, qualitative, and
cost terms and displayed in the form of tables, reports,
and graphs. The geoinformation database created in
|-Tree Eco tools (combination of the obtained indica-
tors of each tree and bush along with their locations)
was exported in KML format to prepare an electronic
map of ecosystem services of green spaces. This map
was placed in open interactive access on the Google
My Maps resource to inform all stakeholders about the
ecosystem functions of public green spaces in the city
of Berezhany, Ternopil region.

RESULTS AND DISCUSSION

The results of the research of the public green spaces
in the territory of the city of Berezhany, Ternopil region,
suggested that the examined phytolandscapes are rep-
resented by 34 tree and shrub species,among which the
most numerous are Aesculus hippocastanum L. (share of
14.1% of the total number of plants), Tilia cordata Mill.
(13.8%), Acer platanoides L. (12.8%), and Fraxinus excel-
sior L. (10.0%). The listed tree species together account
for more than half of the plants in the plantations by
quantitative indicator, while the rest of the tree-shrub
species are represented by a share of no more than 6%.
Large-sized plants have the greatest influence on the
functioning of the landscapes under study (Table 1),
most of which are representatives of the green spaces
of Pryzamkovyi Park and the square on the Ternopilska
street, thanks to a considerable area of nutrition on the
largest biometric indicators in the stand composition.

Table 1. Summary information about plant specimens with the highest biometric indicators

& E ¢ X € g & cg &g £ = gz
. Latitude, Longitude, 2 < 3% £ Q£ o 33 3= @ EZS
ID Botanical name 2 I ©o®FN > S P& ©oh °%F £: 920849
degrees degrees S o 59 § 93 5 Gz Sm Eo Sg%
- =] a T = = =~ = c o v
231 Quercus robur 49.4463 249438  park 136 48 27 15 12 33 26 38 5
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Table 1, Continued

a E ¢ :\:- € o E E cE & £ g E‘

. Latitude, Longitude, 32 S 2% E SE g 22 22 9 £32S

ID Botanicalname 4o irees  degrees S & S8 £ &2 F2 §¢2 58 £ 3 g &

-~ a 8 T < < = =~ =3 o v
131 Quercus robur 49.4458 249438  park 107 43 19 5 14 13 16 33 1
155 Salix alba 49.4465 249429 park 106 48 20 20 8.2 79 48 3
236 Quercus robur 49.4462 24.944 park 106 38 285 10 18.5 15 22 18 4
347 Salix alba 49.4471 249437  park 92 48 16 2 14 16 9 38 4
252 Fraxinus excelsior ~ 49.4458 249442 park 90 18 33 4 29 14.2 12.9 18 3
381 Salix alba 49.447122 24938562 park 90 3 31 4 27 14 12 3 5

Notes: light exposure is evaluated according to five criteria. Number of sides of the tree receiving sunlight from above

(maximum of five). Top of tree is counted as one side

Source: developed by the author of this study based on their own research

The estimated area of the projection covers of the
crowns of trees and bushes (according to I-Tree Eco tools)
is 2.743 hectares, which is 47.0% of the total area of the
territory under study and, according to the calculations of
|-Tree Eco tools, corresponds to 23.89 ha of leaf area. The
given information allows determining that, under the giv-
en experimental conditions, the leaf area of public green
spaces in the city of Berezhany with a canopy density of
about 0.5 exceeds the area of such an object by 4.1 times,
and the area of projection coverage of tree and shrub
crowns by approximately 8.7 times. This information
can indicate the efficiency of the use of space by green
spaces because their crown develops in horizontal and
vertical planes. Therewith, under the given conditions
of the study, thanks to the development of the crown of
trees and bushes in the vertical plane, the leaf area of
phytolandscapes increases almost nine times compared
to the area of the horizontal projection cover of plants.

Assessment of the impact of varied species on the
production of ecosystem services largely depends on
their leaf area. Therefore, to determine the dominant
species in relation to the ecosystem functions of the
plants under study, we calculated the dominance index,
which was calculated as the product of the share of
plants in the stand composition and the area of their
leaf surface and is presented in the form of a diagram
in Figure 1. Notably, this distribution proves only the
existing influence of vegetation on the ecosystem ser-
vices of urban landscapes through its leaf surface. The
high values of the dominance indicator are not at all an
indicator that these trees are critical for the ecosystem
and require special attention in the further green man-
agement. However, these tree species currently domi-
nate the structure of public green spaces in the city of
Berezhany due to their predominance in composition
and larger crown sizes.
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Figure 1. Importance value by species

Notes: the “Importance value” indicator is calculated as the

product of the “Population” and “Leaf Area” percentage values

Source: developed by the author of this study based on their own research
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Analysing the distribution of the public green spaces
under study in the context of DBH classes (Fig. 2), one
should note the predominance of middle-aged stands.
Therewith, the most numerous DBH classes in terms of
the number of trees and bushes were 30.5-45.7 (26.7%
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of the total number of plants), 15.2-30.5 (25.9%), 7.6-
15.2 (16.0%) and 45.7-61 (14.6%). The predominance
of large trees with large diameters for such species as
Quercus robur L., Salix fragilis L. and Aesculus hippocast-
anum L. is also of note.

DBH Class
(cm)

0-76

m76-152

m152-30.5

m30.5-457

m45.7 - 61

m61-76.2

76.2-91.4

m91.4-106.7

m106.7 -121.9

m121.9+

Species 0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

Figure 2. Species distribution by DBH class
Source: developed by the author of this study based on their own research (2022)

Characterizing the sanitary condition of stands
based on the results of the conducted study, there is a
difference in the approaches to the assessment of this
indicator according to the national methodology of the
inventory of green plantations (Order..., 2014) and the
recommendations of the USDA Forest Service (2021).
Thus, according to the Ukrainian inventory method, the
sanitary condition of the public stands under study is
characterized by three categories of quality condition,
and according to the results of the conducted study,
53% of the plants are classified as good, 41% as satis-
factory, and 6% as unsatisfactory. At the same time, the
USDA Forest Service (2021) method, after data process-
ing according to the i-Tree Eco tools program, divides
trees and shrubs into seven status categories. After
data processing, the following results were obtained

for assessing the sanitary state of green spaces: Excel-
lent - 3.1%; Good - 49.5%; Fair - 27.9%; Poor - 15.6%;
Critical - 2.3%; Dying - 1.5%, Dead - 0%. The given re-
sults indicate the importance of taking measures to im-
prove the health of 47.4% of the stands under study, of
which 3.8% require immediate measures to treat trees.
Analysing the species distribution of the sanitary state
of plants, the worst indicators are typical for coniferous
species, and specifically for Picea abies L. (22.2% in a
critical and dying state) and Thuja occidentalis L. (10.5%
in a dying state).

Based on the results of processing the information
entered into the program, data was obtained regard-
ing the assessment of individual ecosystem services
of green spaces: reduction of the number of pollut-
ants, absorption and sequestration of carbon, volumes
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of oxygen production and regulation of surface water
flows of each tree in particular and plantations in gen-
eral. In this study, the reduction in the number of pol-
lutants was calculated based on the analytical data of
the i-Tree Eco tools program regarding the absorption
by trees and bushes of sulphur dioxide (S0,), ozone (0,),

carbon monoxide (CO), nitrogen dioxide (NO,), as well
as particles with a size of less than 2.5 ym (PM2.5) and
2.5-10 ym (PM10). Analysing the obtained data (Fig. 3),
the largest volumes of absorption and the highest val-
ue of the ecosystem service are inherent in sulphur di-
oxide (S0O,).

70000,00 450,00
400.00
60000,00
Value (H)
—e—Removal (kilograms) 350.00
50000,00
30000 T
T g
£ 40000,00 000§
E £
3 [T}
(-4
= 30000,00 20000 ¢
150.00 %
20000,00 3
100.00
10000,00
50.00
0.00 0.00

Co NO, (O

PM10 PM2.5 SO,

Figure 3. Quantitative and cost assessment of the annual absorption of pollutants for public green spaces in the
territory of the city of Berezhany, Ternopil region
Notes: on the diagram, the graph shows the annual amounts of absorption of pollutants, and the bars show the same

indicators in value terms

Source: developed by the author of this study based on their own research (2022)

In general, according to the data of the I-Tree Eco
Tools program, it was established that the researched
public green spaces can absorb 770 kilograms of harm-
ful compounds (ozone, carbon monoxide, nitrogen di-
oxide, and particles of different sizes) annually in their
biomass, and accordingly reduce air pollution. Accord-
ing to the methodology of the USDA Forest Service
(2021), the investigated public green spaces in the city
of Berezhany perform an ecosystem service to reduce
air pollution in the amount of UAH 128,648 thousand
annually in terms of the indicators under study.

Evaluating other annual ecosystem functions of
public green spaces in the city of Berezhany (Table 2),

the phytolandscapes under study can absorb and se-
quester carbon. This service becomes increasingly use-
ful in the face of global climate change, where green
spaces can sequester carbon from carbon dioxide in
their tissues, thereby creating conditions for miti-
gating these changes. The results of data processing
proved that the green spaces under study can annually
provide 7.43 metric tonnes of gross carbon sequestra-
tion, with the estimated cost of this service for the
urban ecosystem in the amount of UAH 41,028,000
(€1010.5). Notably, per plant, this indicator is 19 kg of
annual carbon sequestration with the associated util-
ity of UAH 105.2 (€2.6).

Table 2. Summarized information on the ecosystem benefits of public green spaces in the territory of the city of
Berezhany, Ternopil region

Gross Carbon

Avoided Runoff

Pollution Removal Carbon Storage

Category Trees Sequestration :
oL mete g e ey Ty e
Pryzamkovyi park
Total by object 228 489 2699356 48001  32,969.44 048  72,537.08  208.99 1,154,804.84
Recalculation 1 0.021 11839 2.105 14460  0.0021 318.15 0917 5,064.93

for 1 plant

Scientific Horizons, 2023, Vol. 26, No. 8




Bidolakh & Kolesnichenko

Table 2, Continued

Gross Carbon

Avoided Runoff

Pollution Removal Carbon Storage

Trees Sequestration
Category (Pes)  (metri (metri (metri
. metric 3 metric metric
o 7 N TR (70 I S (7 B (H)
Square on Ternopilska street

Total by object 43 0.92 5,077.12 81.09 556948  0.07 1193641 2102 116,130.71
Recalculation 1 0.021 118.07 1.886 12952  0.0016 277.59 0.489 2,700.71

for 1 plant

Green spaces in the central part of the city

Total by object 119 162 8,957.56 123.80 8,503 0.22 4417435 4019  222,074.26
Recalculation 1 0.014 75.27 1.040 7145 00018  371.21 0338 186617

for 1 plant

Aggregated data on public green spaces

Total by public 54 7.43 41,02824 68490 4704192 077 12864784 27020 1,493,009.81
green spaces
Recalculation 1 0.019 105.20 1756 12062 0.0020 329.87 0.693 3,.828.23

for 1 plant

Notes: the table shows the annual utility data for the indicators “Gross Carbon Sequestration’, Avoided Runoff” and “Pol-
lution Removal” and the cumulative utility as of 2023 for the indicator “Carbon Storage”
Source: developed by the author of this study based on their own research by processing them in the i-Tree Eco tools program

The analysis of the provision of this ecosystem
service in terms of different stands (Fig. 4) showed
a considerable predominance of park stands due to
the greater number of trees and better sanitary con-
ditions. At the same time, the green spaces of the
square along the Ternopilska street can provide an-
nual carbon sequestration volumes almost compara-
ble to the stands in the central part of the city with

almost half the number of plants, which is explained
by the larger number of large trees growing in the
square. That is, the volumes of carbon sequestration
depend to a considerable extent on the biomass and
sanitary condition of plants and increase during the
growth and development of trees and bushes, which
is also confirmed by the results of analogous studies
(Lin et al., 2020).

80000 400.00
I Park stands
70000 35000 T
£ S
S 60000 300.00 ‘s’ mmmm Square trees and
o = shrubs
2 -
% 20000 250.00 :‘:.‘_ m plants of the central
2 g part of the city
£ 40000 20000 Z
; ° —o— Park stands
S 30000 15000 &
: 5
c [7]
£ 20000 10000 S iﬁfuabrs trees and
g
10000 5000 &  —a—plants of the central
part of the city
0 0.00

Gross Carbon
Sequestration

Avoided Runoff

Ecosystem service

Pollution Removal

Figure 4. Summarized data on the annual ecosystem benefits of public green spaces
in the territory of the city of Berezhany, Ternopil region
Notes: the graph shows the annual costs of ecosystem services for different types of stands, and the columns show the

same indicators per 1 plant

Source: developed by the author of this study based on their own research (2022)
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Another ecosystem function investigated in this
study was the ability of green spaces to regulate water
flow. This service is valuable to the urban environment
as trees and shrubs reduce and improve surface water
runoff. Specifically, green spaces perform protective,
anti-erosion, and water-regulating functions. Investi-
gated public tree and shrub stands in the territory of
the city of Berezhany, Ternopil region, can reduce water
flow by 684.9 m* annually (Table 2). Such an ecosys-
tem service in monetary terms, according to the results
of data processing in |-Tree Eco Tools, is estimated at
the amount of UAH 47,042 (€1158.7) of annual utility.
Analysing the features of water flow regulation in the
section of the studied urban landscapes, the highest
volumes of performance of this ecosystem service are
inherent in park stands (Fig. 4). The average plant in
the shared areas of the central part of the city fulfils
this ecosystem function by about 50% in smaller vol-
umes compared to trees and shrubs that grow in parks
and squares. In this case, according to the conclu-
sions of scientists who performed analogous studies
(Mosyaftiani et al.,2022), higher indicators of biometric
parameters, which, in this study, are inherent in plants
growing in parks and squares, have the greatest impact
on water flow regulation.

Apart from the above-examined ecosystem services
that can be evaluated in annual terms, there are the
benefits of trees and shrubs that they produce during
their life cycle. One of these functions is the ability of
plants to accumulate and store carbon in their tissues
during their growth and development. According to the
results of the I-Tree Eco Tools evaluation, the public
green spaces under study have already accumulated
270.2 metric tonnes of carbon in their tissues, which
corresponds to 1,008.4 metric tonnes of carbon dioxide.
This ecosystem usefulness is estimated by the program
in the amount of UAH 1,493.01 thousand. (€36.9 thou-
sand). The analysis of the productivity of carbon ab-
sorption in the species distribution (Fig. 5) proved that
the most effective in this regard are Aesculus hippocast-
anum L. (retains in its tissues 29.8% of the total amount
of absorbed carbon in the section of the experimental
study base), Fraxinus excelsior L. (14.0%), Tilia cordata
Mill. (11.2%) and Acer platanoides L. (12.8%). The listed
species are also the most numerous in the stand com-
position and have high biometric indicators, which can
serve as an explanation for their maximum efficiency
in relation to this ecosystem service. This statement is
also consistent with the results of other researchers
who investigated this issue (Nowak, 2017).
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Figure 5. Volumes of absorbed carbon and CO, equivalent in the section of tree-shrub species by plantations of public
use in the territory of the city of Berezhany, Ternopil region
Notes: on the diagram, tree-shrub species that have an absorption volume of less than one metric tonne are grouped

under the “Other species” group

Source: developed by the author of this study based on their own research (2022)

A comparative analysis of the ecosystem produc-
tivity of green spaces in the section of the investigated
objects proved that the most effective in this regard
are park stands, which can create ecosystem services
in the amount of UAH 132.5 thousand (€3275) annu-
ally, which is UAH 581 (€14.4) averaged per plant. The
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annual averaged ecosystem productivity of the consid-
ered tree-shrub stands in the park is higher than that
of individuals growing in the square and in the central
part of the city by 8.1% and 12.2%, respectively. Fur-
thermore, park stands can absorb and store carbon in
their tissues during their lifetime, which in terms of




value is estimated, as of today (2023), in the amount
of UAH 1,154.8 thousand (€28,542). According to this
indicator, the average ecosystem productivity of park
plants substantially exceeds analogous values of plants
growing in the square and the central part of the city by
83.2% and 171.4%, respectively.

The conducted study offers a better insight into the
part of the ecosystem services of public green spaces.
However, for a wide scope of users to get acquainted
with this information, the stage of its presentation and
delivery to stakeholders is also important. As evidenced
by the results of many scientists (Nedkov et al., 2017;
Bidolakh et al., 2023), assessment and mapping of eco-
system services provide valuable spatial information to
support decision-making, planning activities, ensuring

Bidolakh & Kolesnichenko

the sustainable development of urban ecosystems, cli-
mate regulation, and increasing environmental aware-
ness of society. Displaying information about the eco-
system services of each tree and bush of the researched
stands in the form of an electronic map using the appli-
cation (Google MyMaps, 2023), according to the method-
ology described above, made it possible to provide open
access for everyone and create conditions for a better
understanding of the value of each plant and the volume
of its individual ecosystem productivity (Fig. 6). Another
approach to promote the ecosystem services of trees and
shrubs at the local level could be to attach information
plates to plants and create special information stands
with information on the ecosystem services of green
spaces in both quantitative and monetized terms.
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Figure 6. Interactive map of the amount and cost of ecosystem services of public green spaces
in the territory of the city of Berezhany, Ternopil region
Source: developed by the authors of this study based on (USDA Forest Service, 2021; Google MyMaps, 2023)

In general, the conducted study helped determine
in quantitative and cost terms part of the ecosystem ser-
vices of public green spaces (reduction in the amount
of pollutants, absorption and sequestration of carbon,
volumes of oxygen production, and regulation of sur-
face water flows) and display them in the form of an
interactive map. This approach, according to (Burkhard
& Maes, 2017), improves the decision-making process
in the field of environmental protection activities and
creates conditions for improving the environmental
awareness of the population.

Comparing the conclusions obtained in this study
with the results obtained by other scientists, it is worth
noting the unanimity of scientists from different coun-
tries (Croci et al., 2022; VCelakova et al., 2023) regarding
the importance of conducting analogous applied studies
of the maximum possible number of ecosystem services

for various types of green spaces in all corners of the
world. Many experts (Mosyaftiani et al., 2022) also rec-
ommend using modern tools for this process, including
i-Tree Eco Tools for researching ecosystem services of
green spaces. Therewith, the obtained study results are
interpreted by various authors (Yang & Khan, 2021) in
the plane of the most effective delivery of information
about the ecosystem functions of green spaces to users of
ecosystem services, authorities and scientists, including
similarly to the findings this study obtained by visualizing
them on maps (Bidolakh & Lakyda, 2019). Ultimately,
according to researchers (Cimburova & Barton, 2020;
Stoeckl et al., 2023), such studies should contribute to the
overall greening of social development and the improve-
ment of environmental awareness of residents of settle-
ments, which is also relevant for ensuring the sustainable
development of urban landscapes of Ukraine.
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CONCLUSIONS

The conducted study helped work out the procedure for
obtaining and evaluating quantitative and value indi-
cators of ecosystem services using the i-Tree Eco tool,
using the example of public green spaces in the city of
Berezhany, Ternopil region. The findings created condi-
tions for demonstrating the value of green spaces for
urban ecosystems and the importance of conducting
analogous studies to ensure the sustainable develop-
ment of ecosystems.

The obtained results proved that the ecosystem
usefulness of the researched green spaces in monetized
terms amounts to UAH 216,718 thousand (€5356) an-
nually in terms of the investigated indicators (reduction
of the number of pollutants, absorption and sequestra-
tion of carbon, volumes of oxygen production, and reg-
ulation of surface water flows). Therewith, the average
value of the annual cost of ecosystem services of each
tree-shrub plant in terms of the above-mentioned indi-
cators is UAH 557 (€13.8). Furthermore, evaluating the
ability of the investigated green spaces to absorb and
store carbon in their tissues during their lifetime, the
value assessment of this ecosystem utility as of today
(2023) is UAH 1,493,009,000 (€36901).

The results of the analysis of the ecosystem produc-
tivity of different plant stands (park, square, and green
spaces in the central part of the city) showed the high-
est indicators for park stands given the higher values of
their biometric indicators. Tree and shrub plants of the
square on the Ternopilska street in the city of Berezh-
any is slightly inferior to the investigated park stands
in terms of their indicators. Green spaces in the cen-
tral part of the city, even with lower average biometric
indicators, are more effective in absorbing pollutants.
In terms of species, trees that can achieve considera-
ble biometric indicators in local conditions of urban-
ized landscapes are characterized by greater ecosystem
productivity. For the city of Berezhany, Ternopil region,
such trees should include Quercus robur L., Aesculus hip-
pocastanum L., Fraxinus excelsior L., Tilia cordata Mill.,
and Acer platanoides L.

To familiarize more people and popularize the eco-
system value of trees and bushes, we have proposed the
creation of electronic interactive maps with unrestricted
access for all stakeholders, as well as the installation of

information boards and stands with information about
the ecosystem services of green spaces. The practical
value of the results of this and analogous studies also
lies in the possibility of presenting the obtained results
to local authorities, enterprises, and organizations
related to green management, scientific and public or-
ganizations, activists, and other stakeholders. Such an
approach will create conditions for improving the aware-
ness of the value of green spaces to ensure the sustain-
able development of urban ecosystems and society,
improving their security and protection, improving man-
agement and creating conditions for making informed
decisions in the field of green construction, improving
the environmental awareness of residents of settle-
ments and achieving other ecologically oriented results.

Notably, the chosen topic has considerable pros-
pects for further research in the context of obtaining
information about the ecosystem services of other
plant stands, expanding the list of ecosystem functions
for research and evaluation, researching the possibili-
ties of involving innovative tools for performing anal-
ogous works, expanding the scope of applications and
improving the methods of presenting the obtained re-
sults to popularize the usefulness of green plantations
for urban ecosystems.
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Anotauif. [locnigxeHHS MOXAMBOCTEN BWMKOPUCTAHHSA Cy4acHMX MIAXOAIB Ta iHCTPYMEHTApIil0 AN9 OLiHHOBAHHS
E€KOCUCTEMHMX MOCAYT 3eNIEHMX HAaCAOXKEHb BMPI3HAETbCS aKTyasbHICTIO Ta NOTpebye TEOPETUYHOIO 0OrPYHTYBAHHS
Ta NpUKNAAHUX OOCNIOKEHb, 0COBNMBO B YMOBAxX BAX/IMBOCTI 3abe3neyeHHs CTanoro po3BuTKy YkpaiHu. Tomy
MeTOH Lji€i poboTM € OnpaLoBaHHS MPOLLECY KiIbKiICHOrO Ta BApTICHOMO OLHKOBAHHA EKOCUMCTEMHMX MOCyr
3e/IeHNX HAaCaAKEHb 3aralbHOro KOPUCTYBAHHA Ta MOLYK MOX/MBOCTEN NpeaCcTaBieHHs OTpMMaHoI iHdopMmauii ans
3auikaBneHunx ocib. Ang uboro NnpoBefeHO iHBEHTAPU3aLLi0 3eeHMX HAaCaAKeHb 3 BUMIPIOBAHHAM iX 6iOMETPUUHMX
Ta CaHITapHMX MOKA3HMKIB. 3 METO KifIbKiCHOrO Ta BAPTiCHOrO OLiHIOBAHHS €KOCUCTEMHUX PYHKLIM HacaaXeHb Ta
OKpeMUX [epeB BUKOPUCTAHO iHCTpPyMeHTapil i-Tree Eco, a ans ix Bisyanizauii sogatok Google My Maps. BukoHaHi
LOCNIAKEHHA AaNW 3MOTY OTPUMATH iIHDOPMALLIKO NPO OKpeMi eKOCUCTEMHI hYHKLiT 3eNeHUX HACaAKEHb (3MEHLLIEHHS
KiNbKOCTi 3aOpyLHIOYMX PEYOBUH, MOMMMHAHHSA Ta CEKBECTpaLis BYyrneut, obcarn npoayKyBaHHS KMCHHO Ta
perynoBaHHs MOBEPXHEBUX BOLHMX CTOKIB). Y CKNafi Li€i KOPUCHOCTI 0BUYMCIEHO LWOPIYHY eKOCUCTEMHY (DYHKLiI0
WoA0 NornnHaHH: 770 Kinorpam WKiAAMBKUX CNONYK (030H, OKCUL, BYINELIO, AiOKCKUA, a30Ty Ta YaCTKM Pi3HOMO po3Mmipy
PEYOBWMH), LLO OLIHIOETLCS Ha cyMy 128,648 TUC. IpH WOPiYHO; 3MEHLLEHHS 3a0pyaHEHHS NOBITPS Ha 7,43 METPUYHUX
TOHM BanoBoro obcsry ceksectpauii Byrneuto (19 kry nepepaxyHky Ha 1 pociuHy), i3 OLiHEHO BApTICTIO Y PO3Mipi
41,028 TWC. TpH Ta 3MEHLUEHHS! BOAHOMO CTOKY Ha 684,9 M. Ky6, WO OLIHIOETbCA Ha cyMy 47,042 rpH LWLOPiYHOI
KopucHocTi. OkpiM TOro, AocnimkeHi 3eneHi HacaXXeHHs CTaHOM Ha MOMEHT AOCAIAXKEHHS YTPUMYIOTb Y CBOIX
TKaHMHAX BYr/eLb, LLLO CTBOPHE €KOCUCTEMHY KOPUCHICTb Ha cyMy 1493,009 Tuc. rpH (€ 36901). HaBuLLi nokasHuWKu
€KOCUCTEMHOI KOPUCHOCTI XapaKTepHi ANS NAapKOBMX HACa[)KeHb, @ AepeBa Ta Kyl LeHTpanbHOi YaCTUHU MicTa €
edeKTUBHILUMMM Y BiLHOLIEHHIO NOMMHAHHA 3a0pyLHIOLYMX PeYOBMH. BiNblIOK eKOCUCTEMHOK NPOAYKTUBHICTIO
XapaKTepu3yTbCs LepeBa, aKi 34aTHI A0CAraTi 3Ha4HUMX BiOMEeTpUYHMX NOKA3HMKIB B MicLLeBMX YMOBaX. [1poBeseHi
LOCNIIKEHHS CTBOPIOIOTb YMOBU N5 KPALLOro YCBIAOMNEHHS EKOCUMCTEMHOI LIHHOCTI 3efeHMX HacalxeHb, NpoTe
BX/IMBA TAKOX ii nmonynspusauis. [MpakTMyHa LiHHICTb pe3ynbTaTiB NOAAraE TakoX Y MOX/MBOCTI iX AOBEAEHHS
[10 OpraHiB BnagM, NiANPMEMCTB Ta OPraHi3aLii, akTUBICTIB Ta iHLUMX 3aLiKaBNEHMX OCib, WO CTBOPUTb YMOBU 415
NMOKpPALLLeHHS eKONOoriYHOT CBIAOMOCTI, CMPUSHHS 3aXMUCTY Ta OXOPOHI HACaAXKEHb, YAOCKOHANEHHIO MEHEOXMEHTY Ta
NPUMHATT 06rpyHTOBAHMX pilleHb y chepi 3eneHoro OyaiBHULTBA

KniouoBi cnoBa: MOHeTM3aLis; KOPUCHICTb; MocnyrM gepeB Ta Kywis; i-Tree Eco; ypbonaHawadTv; ekonoriyHa
CBIAOMICTb
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