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ABSTRACT

Objective: To evaluate the condition of park ecosystems in Chernihiv in relation to urbanization levels and air
pollution from vehicular emissions.

Methodology: The study assessed the state of park ecosystems (PE) in various districts of Chernihiv, following
the methodological guidelines by Lavrov et al. (2021). Species composition, the health of vegetation by layers, and the
impact of anthropogenic pollution were examined in temporary sample plots (0.2-0.6 ha) established in mature park
areas in 2023. The urbanization index was calculated using the Urbanisation Score software, which analyzes land use—
such as asphalt, buildings, and green space intensity—using Google Maps imagery. Road traffic load and phytotoxic
emissions near the PEs were estimated based on the methodology of Miroshnyk et al. (2022). Maps were generated with
the GIS tools Golden Software Surfer 19.2.213, using the kriging method, and QGIS 3.16.3.

Scientific Novelty: This study provides the first environmental assessment of Chernihiv's green infrastructure a
year after the intense warfare of spring 2022. The findings reveal that urbanization index values in Chernihiv range from
2.5 to -5, decreasing as one approaches the Dnipro River valley.

Conclusions: The study found that the regional landscape park ‘Yalivshchyna’ and the remaining forest area in the
Podusivka neighborhood are significantly impacted by vehicular aerotoxicants. The central park, ‘City Garden’, and the
municipal forest park, ‘Maryin Hai,’ situated within the river valley, display better sanitary conditions than those in the
city's central areas. Urbanization levels decrease closer to the river valley. Additionally, the Ski Base forest area suffered
notable damage to its green infrastructure due to warfare during the city's siege in February-April 2022.
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AHOTAIIA

MeTa po6oTH. O1iHIOBaHHSI CTaHy NMapKOBUX eKocucTeM Micta Yepnirosa 3asiexxHo Bif piBHA yp6aHisanii Ta
aepo3abpyiHEHHS BiJi aBTOLIAXIB.

MeTopouoria. Ctan napkoBux ekocucteM (IIE) M. UepHiroBa, po3TauioBaHUX B pi3HUX palioHaxX MicTa 3a
MeTOAWYHUMU pekoMeHaalismu (Lavrov etal., 2021). BumoBuii ckyiaf, caHiTapHUN CTaH HAaca/PKeHb 3a IpyCaMHU i BIIUB
aepoOTeXHOTeHHOTO 3a0pyAHEHHA BHBYa/IM Ha TUMYaCOBUX NPOOGHUX muomax (maoma 0.2-0.6 ra) y cepeiHbOBIKOBUX
HacapkeHHAX y 2023. Ingekc yp6aHizanii, po3paxoBaHuii 3a gonomoroto nporpamu Urbanization Score, sika aHaJs1isye
NOBEPXHIO 3eMJIi 32 KaTeropisMu - achaibT, 6YAiBJIi Ta iIHTEHCUBHICTb 3eJIeHUX HacaJpkeHb 3a 3HiMkaMu Google Maps.
HaBaHTa)keHHs aBTOLLIAXIB Ta KiJIbKICTh BUKUHYTHUX ¥ MOBITPps ¢iToTOKCcUKaHTIB 6isis [IE 06paxoBaHO 3a METOAUKOIO
(Miroshnyk et al., 2022. /I no6ymoBu kapT BukopuctoByBasu ['IC-maket Golden Software Surfer 19.2.213 3 meToi0M
kpurinry ta QGIS 3.16.3.

HaykoBa HoBM3Ha. Briepiie, yepes pik micjisg akTUBHUX GOMOBUX Zill, HaBecHi 2022 poKy MpOBeJH €KOJIOTi9HY
oniHKy 3eJieHoi iHppacTpykTypu YepHirosa. Pe3ysbTaTu JoCaiKeHHS MOKa3yIOTh, 1[0 3HAYeHHS iH/IeKciB yp6aHizanii
B UepHirosi ko/iMBalOThCs Bif 2,5 10 -5 1 3MeHUIYIOThCSA 3 HAGJIMKEHHSAM 10 JOJIMHU p. JHinpo.

BucHoBKM. BcTaHoBJIeHO, 110 perioHaJbHUHN JaHAIAGTHUN MapK «SIiBIIMHA» Ta 3a/IMIIKU JIICOBOTO MacCUBY
MikpopaloHy [losyciBka 3a3HalOTh 3HAYHOI'O BIJIMBY a€POTOKCHKAHTIB aBTOMOGI/IbHUX BUKU/IB. LleHTpaJbHUMN Mapk
KYJbTYPH i BiJTIOYUHKY «MicbKUH cai» i MicbKuH jiconapk «Map'in ['afi», po3TalioBaHi B JOJIUHI piYKH, MalOTb KpPaliuni
CaHiTapHUN CTaH, HiX y LeHTpaJbHiM 4YacTuHi MicTa. 3 HaOGJMKEHHSIM [0 [OOJUHU PiuKU CTymiHb yp6aHizaril
3MEHIIYEThCSA. 3HAYHI MOLIKO/PKEHHS 3es1eHO0] iHPpacTpyKTypH B JicoBiK 30HI JImkHOI 6a3u 3adikcoBaHO BHACTIIOK
601OBUX /il M 9ac 06J10ru MicTa B JIIOTOMY-KBiTHI 2022 poKy.

Kio40Bi cyioBa: 3esieHa iHQpaCTPYKTYpa, CTAIMH PO3BUTOK, iHAEKC yp6aHisallii, BilicbKoBi [ii, 6iopi3HOMaHITTH,
3a6py/HEHHS MOBITPsI
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Problem Statement

Urbanization, air pollution, and the
condition of urban green infrastructure (GI) are
interlinked factors that influence GI's capacity
to provide essential ecosystem services.
Sustainable forest management, preservation of
natural habitats, biodiversity, and sustainable
urban development are key global objectives
within the Sustainable Development Goals
(A/RES/70/1, Agenda for Sustainable Develop-
ment). This strategic document highlights the
need to improve air quality and conserve green
spaces as integral to achieving sustainable
urban development. Currently, Ukraine’s policy
on Sustainable Development Goal implemen-
tation, as outlined in a Presidential Decree
(2019), emphasizes the «protection and resto-
ration of terrestrial ecosystems, promotion of
their sustainable use, sustainable forest mana-
gement, combating desertification, reversing
land degradation, and halting biodiversity loss.»

Policy recommendations for GI mana-
gement and conservation in the context of rapid
urbanization have been provided for Ukrainian
cities (Lavrov et al, 2021; Miroshnyk et al,,
2023). Interdisciplinary research supporting

biodiversity conservation, policy development,
and global sustainability is especially critical for
Ukraine in the context of European integration
and the current emergency of warfare on its
territory (Blachowski & Hajnrych, 2021;
Dubyna et al.,, 2023; Lukash et al.,, 2024). An
analysis of prior research demonstrates that an
interdisciplinary approach has been developed
and recommended to assess ecosystem
functionality effectively.

The aim of the study to assess the
condition of park ecosystems in Chernihiv in
relation to urbanization levels and air pollution
from vehicles.

Research methodology

The park ecosystems of Chernihiv were
studied during the summer of 2023 (Table 1).
Research methods for analyzing tree and grass
layers were based on Lavrov et al. (2021).
Species composition, sanitary condition of
vegetation by canopy layers, and the impact of
air pollution were assessed in temporary test
plots (TP) with areas ranging from 0.2 to 0.6 ha
in medieval plantations.

Table 1

List of studied park ecosystems in Chernihiv city
Ne Name of PE GPS coordinates
1 | Forest area «Ski base» 51.53088440631798 31.354794952338857
2 Berezovyi Hai Forest Park 51.52045510031688 31.333408574947587
3 Ya,thShC,hyna Regional Landscape Park 51.52312061880307 31.297746013397923
with Yalivshchyna Forest Reserve
4 C?ntral R SOASUTIOE e M R R 51.499204613766736 31.324535312073664
City Garden
5 | Urban forest park «Maryin gai» 51.49435137384146 31.31177328156124
6 Park—r.nonument St e B2 el 51.478441697497544 31.284755172370115
«Boldina Gora»
7 Re‘mnants of the Podusivka 51.489222660694054 31.238644469751556
neighbourhood forest
Urbanisation Index (UI) calculated using released into the air near the PEs were

the Urbanisation Score software (Seress et al.,
2014), which analyses the land surface by
categories such as asphalt, buildings and green
space intensity using Google Maps images. The
load of roads and the amount of phytotoxicants
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calculated using the methodology (Miroshnyk et
al, 2022). The intensity of car traffic in
Chernihiv was determined in the locations
shown on the figure 1.
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Fig. 1. Locations of determining the intensity
of traffic in the Chernihiv city

Results

Chernihiv is the administrative center of
the Chernihiv region in Polesie, situated in the
mid-reaches of the Desna River. The city had a
population of approximately 300,000 people
before the full-scale invasion in 2022. The
average annual temperature is +7.6°C, and
annual rainfall averages 613 mm. Chernihiv is
home to the Desna and Stryzhen rivers, as well
as several ponds and lakes. Green spaces
include remnants of pine, oak-pine, and birch
forests, along with cultivated plantings. In parts
of the Desna River floodplain, alder and willow-
poplar forests have also been preserved
(Zavialova, 2011). According to Ukraine’s
floristic zonation, the study area belongs to the
European region, the Eastern European
province, Polesie sub-province, and the Left
Bank Dnipro district (Geobotanical zoning ...,
1977).

The primary stabilizing framework of
Chernihiv's urban ecosystem consists of areas
that have retained a near-natural character,
including green spaces and riparian zones along
natural water bodies such as the floodplain of
the Desna River and the slopes of its high right
bank. This framework encompasses the
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territories of the nature reserve fund, squares,
parks, and forest parks. The total area of the city
is 7,132 hectares, of which 3,100 hectares are
covered by green spaces (Pototska, 2014).
Researchers have conducted detailed studies on
the city's woody vegetation and parks
(Pototska, 2014; Lukash & Andrienko, 2011). In
Chernihiv, there are 265 species and 75
cultivars of woody plants, belonging to 125
genera and 54 families. In terms of quantitative
indicators, the Magnoliophyta division predomi-
nates, with 229 species. Among angiosperms,
the most diverse families are Rosaceae, with
75 species, and Salicaceae, with 22 species.
Among gymnosperms, the most numerous
families are Pinaceae, with 17 species, and
Cupressaceae, with 13 species (Pototska, 2014).
The vegetation of specific green spaces in
Chernihiv was studied in 2022 (Karpenko et al.,
2022).

Between 24 February and 6 April 2022,
intense warfare took place in Chernihiv and the
region, and Chernihiv was besieged and heavily
shelled by Russian troops, including aviation
(War Crimes in Chernihiv Region).

We conducted field research in 7 PEs in
Chernihiv (Fig. 2).
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Fig. 2. Investigated PEs in Chernihiv (2023):
1 - Forest area «Ski base»; 2 — Forest park «Berezovyi hai»;
3 — Regional landscape park «Yalivshchyna» with forest reserve «Yalivshchynax;
4 — Central park of culture and recreation — «City garden»; 5 — City forest park «Maryin hai»;
6 — Park-monument of landscape art — «Boldyna Horax;
7 — Remains of Podusivka neighbourhood forest area

A relief map (Fig. 3) was created to assess Consequently, air pollutants could migrate to
the dynamics of the spread of air pollutants the river valley to a greater extent due to the
from vehicles, as the relief drops into the Desna prevailing wind directions.

River valley as it approaches the river.
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Fig. 3. Relief of the Chernihiv city, where the numbers indicate the distance
in m above sea level. PE numbers as in the Fig. 2

The level of urbanization in the city was results indicate that urbanization index values
analyzed (Fig. 4). It was observed that the in Chernihiv range from 2.5 to -5, which suggest
degree of urbanization decreases as one a healthy condition for the studied landscapes.
approaches the river valley. The research The lowest urbanization index value reflects the
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least degree of urbanization and is charac-
teristic of natural, undisturbed areas. Overall,
the level of urbanization in Chernihiv is
significantly lower than that of Kyiv. In
Chernihiv, the maximum urbanization index is

2.5, while the minimum (indicating good
landscape condition) is -5. In comparison, Kyiv
has a maximum urbanization index of 3.5 and a
minimum of 4 (Miroshnyk et al., 2022a).

Fig. 4. The value of the urbanization indice (UI) of the Chernihiv landscapes

The intensity of traffic in the city was
assessed using the number of cars per hour
(Fig. 5). It was found that the highest volume of
traffic occurs in the neighborhoods near the

Yalivshchyna and Podusivka residential areas,
which corresponds with a high level of
urbanization in these regions (Fig. 5).

Fig. 5. Number of cars per hour, Chernihiv, where the numbers on the green background indicate
the studied Pes, 1 — Forest area «Ski base»; 2 — Forest park «Berezovyi hai»;
3 — Regional landscape park «Yalivshchyna» with forest reserve «Yalivshchynax;
4 — Central park of culture and recreation — «City garden»; 5 — City forest park «Maryin hai»;
6 — Park-monument of landscape art — «Boldyna Horan;
7 — Remains of Podusivka neighbourhood forest area
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In terms of vehicle emissions, the most as one of the city’s main thoroughfares, and the
severe pollution was found in the city center presence of checkpoints at the entrances and
(NOx, SOz, soot, hydrocarbons, formaldehyde, Pb exits of the border city further impacts traffic
compounds), particularly along Myru Avenue intensity and flow.
and Pashina Street (Fig. 6). Myru Avenue serves
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Fig. 6. Total emissions from transport traffic, 1 — Forest area «Ski base»;
2 — Forest park «Berezovyi hai»; 3 — Regional landscape park «Yalivshchyna» with forest reserve
«Yalivshchyna»; 4 — Central park of culture and recreation — «City gardeny»;
5 — City forest park «Maryin hai»; 6 — Park-monument of landscape art — «Boldyna Hora»;
7 — Remains of Podusivka neighbourhood forest area

The highest number of cars and total Guards Division, Pashina Street, First of May,
emissions (NOx, SOz, soot, hydrocarbons, Peremohy Avenue (Fig. 7).
formaldehyde, Pb compounds) were on 77th
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Fig. 7. Traffic indicators and pollutant hazard index (H1), Chernihiv
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The highest levels of hydrocarbon (HC)
and nitrogen oxide (NOx) emissions are
particularly concentrated on the central streets,
such as Peremohy Avenue, as well as on the
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outskirts where there is a high volume of truck
traffic, including Pashina Street and Levka
Lukyanenko Street (Fig. 8).
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Fig. 8. Pollutant emissions from motor vehicles

A comparison of anthropogenic load and
the geographical locations of the park ecosys-
tems (PEs) reveals that PEs 3 and 7 are situated
in a highly urbanized part of the city, with PE 3
located in the city center. Consequently, it is
significantly affected by aerotoxicants from

N | | | [

S ———

vehicle emissions. In contrast, PEs 1, 4, 5, and
6 are located on the outskirts of the city, in less
urbanized areas, with PEs 5 and 6 also situated
in the river valley. As a result, their sanitary
conditions are better than those found in the
central part of the city (see Fig. 9).

Ukraine | xooverorcars ,1 2

2- Sum of pollutants
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Good
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Fig. 9. Map of the condition of PEs and the degree of urbanisation in Chernihiv,
with the scale on the side showing the degree of urbanisation (Ul), 1 — Forest area «Ski base»;
2 — Forest park «Berezovyi hai»; 3 — Regional landscape park «Yalivshchyna» with forest reserve
«Yalivshchyna»; 4 — Central park of culture and recreation — «City gardeny»;
5 — City forest park «Maryin hai»; 6 — Park-monument of landscape art — «Boldyna Horax;
7 — Remains of Podusivka neighbourhood forest area
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In August 2023, field research was
conducted to assess the state of green
infrastructure following the impact of warfare
in 2022. The 'Ski Base' forest area was surveyed,
which had been subjected to shelling and
increased mine danger during the occupation in
2022 due to the proximity of enemy equipment

(Fig. 10).We also documented damage to green
spaces caused by shelling, fires, and shell
fragments in various parts of the city. Notably,
significant damage was observed along the city
border and in Novoselivka village (located in the
northern part of the city), which experienced
heavy shelling.

Fig. 10. Park plantations near the Ski base for training athletes
(Miroshnyk N., August 2023)

Significant damage to trees and soil was
observed, with nearly all of the upper portions -
specifically the crowns - destroyed, and 80% of
the tree trunks affected by shell fragments and
fires. The condition of the stands is severely
weakened, leading to drying and deterioration.

Conclusion

An environmental assessment of Chernihiv’s
green infrastructure has been conducted. The
results indicate that urbanization index values
in Chernihiv range from 2.5 to -5. A comparison
of anthropogenic load and the geographical
locations of the park ecosystems reveals that the
Yalivshchyna Regional Landscape Park and the
remnants of the forest area in the Podusivka
neighborhood are significantly affected by
aerotoxicants from vehicle emissions. In
contrast, the central cultural and recreational
park, «City Garden», and the municipal forest
park, «Maryin Hai», are situated in the river
valley, resulting in better sanitary conditions
than those found in the central part of the city. It

®inancysauns / Funding

was observed that the degree of urbanization
decreases as one approaches the river valley.
Additionally, significant damage to green
infrastructure in the Ski Base forest area was
recorded due to the warfare during the city's
siege from February to April 2022.

To effectively study urban ecosystems, it is
essential to implement sustainable develop-
ment goals in the management of urban parks,
while also considering social aspects and the
impact of warfare and internal migration on the
state of these parks. This approach will enable
more effective mitigation of the effects of
warfare on the urban green environment and
biodiversity, ultimately improving the quality of
life and health of city residents. Future research
prospects include the development of recom-
mendations for managing the condition of
urban green spaces. This is crucial for
establishing an optimal policy for managing
urban green spaces in a sustainability and for
predicting the state of urban ecosystems.

lle pocnimxeHHs ¢iHaHcyeTbcd HanioHanbHOIO akajeMielo Hayk YkpaiHu (Ne SR 0122
U000570) Ta rpaHTOM Ha iHAUBiAya/IbHE AOCaiP)keHHSA JokTopa Mipowmnuk H.B. 3 locaigHunbkoro
iHcTuTyTy ctasoro po3BUTKy (RIFS), [lorcaam, Himeuunna https://www.rifs-potsdam .de/en. / This
research was funded by the National Academy of Sciences of Ukraine (No. SR 0122U000570) and a
grant for individual research of Dr. Miroshnik N.V. from The Research Institute for Sustainability
(RIFS) Potsdam, Germany https://www.rifs-potsdam.de/en.
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