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Introduction

Ecosystem functioning determines the set of ecosystem
services (ES) to meet human needs for benefits and
livelihood resources as well as the habitat itself
(Millennium Ecosystem Assessment, 2005). Identification
of the ways in which ecosystems provide flows of services
to humans, as well as their volumes, becomes possible if
the mechanism of providing these services is clearly
defined, which directly depends on the condition of green
areas. In the natural (normal) state, the ecosystem performs
all its functions, and therefore provides its maximum
benefits - ES. Accordingly, the purpose of this work is to
determine the condition of the city's green areas as a
potential to provide ES.

Method and Theory

The condition of green areas as natural and anthropogenic
systems of the city today is mostly unbalanced. However,
since their functioning is based on purely landscape
processes (Petlin and Mishchenko, 2021), respectively,
green zones whose landscapes are closest to natural ones
are the most balanced in their functioning processes and
have the highest potential (Petlin, 2008), including in the
production of ecosystem services. In addition, the
closeness to natural conditions reflects the sustainability of
green areas (Grodzynskyi, 1995). Such sustainability,
inherent in natural systems, ensures the sustainable
functioning of ecosystems. Close to natural, green areas, on
the one hand, have the greatest potential to provide ES, and
on the other hand, due to their own sustainability, they can
continue to provide ES for a longer time. Another aspect is
that the state of the green zone is also an indicator of the
risk of losing the provision of ES, since with the loss of
resilience, the risk of its sustainable functioning increases.

According to the general algorithm, the assessment of ES is
a consecutive assessment of: 1. the condition of the green
zone - potential opportunities for the production of ES; 2.
the effectiveness for the ES production; 3. risks to the ES
production. This work aims to implement the first
component of the algorithm - the determination of the
condition of green areas, according to their natural norm.

The condition of landscape systems according to their
natural norm is divided into natural, balanced, crisis,
critical (Havrylenko, 2007, Petlin and Mishchenko, 2021).
Determining the condition of the green zone, according to
its natural norm, is seen on the basis of comparing the
current vegetation cover of the green zone and the typical
(natural) for it. After all, vegetation cover is one of the
indicators of the landscape, which can be easily determined
by remote sensing data. The parameters by which this
correspondence is determined are the type of vegetation
and the proportion of the green zone covered with typical
vegetation.

The formalization of generalized indicators will be based
on the desirability scale of E. Harrington (Harrington,
1965). Within this scale, the values of indicators range
from 0 to 100. Thus, in our work, we will consider the
condition of green spaces as natural in those areas where
the natural norm is observed on more than 80% of the area
covered with vegetation; close to natural - 63-80%;
balanced - 37-63%, crisis - 20-37%, critical - less than
20%.

Today, a significant number of tools are already used to
support decision-making on the condition of ecosystems in
general based on the cartographic method of research using
GIS tools. Examples are ESTIMAP models (Zulian, Polce,
Maes, 2014), InVEST (Guerry et al.,2012) and others.

In our work, when studying the condition of green areas,
we wanted to apply: a set of simple indicators for assessing
the condition; remote sensing data, and the use of field
studies only for verification of remote sensing data.

Examples

To determine whether the condition of green areas
corresponds to their natural norm we used the following
datasets:

- the map of restored landscapes of Kyiv with the mapping
units of “urochische” hierarchical level that represents
natural basis of the city area. Attributes include information
on vegetation, soil, relief, and soil-forming rock
(Davydchuk et al., 2021, Galitsky et al., 1983).

- specific boundaries of urban green zones were extracted
from the OpenStreetMap database (OpenStreetMap, 2022).

- ESA WorldCover 2020 landcover map product which
provides a global land cover map for 2020 at 10 m
resolution based on Sentinel-1 and Sentinel-2 data (Zanaga
et al., 2021). The WorldCover product comes with 11 land
cover classes, aligned with UN-FAO's Land Cover
Classification System. For further analysis we queried
classes: Tree cover, Grassland, Cropland, Herbaceous
wetland, Shrubs.

- Copernicus Global Land Service Land Cover, collection
3, epoch 2019 which delivers an annual dynamic global
Land Cover product at 100 m spatial resolution (Buchhorn
et al., 2020). The CGLS Land Cover product provides a
primary land cover scheme at three classification levels
with class definitions according to the Land Cover
Classification System scheme.

Data analysis workflow included the following steps:

1. extraction of information on natural vegetation from the

landscape map attributes (Fig. 1).

Figure 1 Natural vegetation of Kyiv from the landscape map

attributes

2. ESA worldcover class “Tree cover” subclassification into

different types of tree vegetation by overlaying with classes:

Еvergreen needle leaf, Deciduous broadleaved, Mixed forests of

CGLS (Fig. 2).

Figure 2 The current vegetation cover class of all Kyiv green

spaces, classified according to ESA and CGLS data

3. comparison of information on natural vegetation against current

landcover class to divide all green areаs into two classes: 1 –

where land cover corresponds to the type of natural vegetation,

and 0 – where they differ from each other (Fig. 3).

Figure 3 The result of comparing information about natural

vegetation with the current vegetation cover of all green spaces

4. according to the developed scheme of correspondence between

the natural vegetation of the territory (an attribute of the restored

landscapes map) and the current state of vegetation cover,

determined by the ESA and CGLS, the percentage of the area with

overlap within each green zone was calculated. The result is maps

showing the condition of the city's green areas, individual districts

(Fig. 4), individual green areas (Fig. 5).

Figure 4 The average value of the condition of green spaces in

administrative districts of Kyiv

Figure 5 
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Discussion

We determined that the current vegetation of Kyiv

corresponds to the natural vegetation on 63.1% of green

areas. Indicators for administrative districts of the city do

not correspond to the natural condition today (according to

Harington's desirability scale). The percentage of green

areas that correspond to the natural norm in different

districts varies almost twice, ranging from 34%

(Pecherskyi district) to 74% (Sviatoshynskyi district). The

example (Fig. 5 c) shows that even two neighboring green

areas can differ significantly in their condition, which in

particular determines their ability to provide ecosystem

services.

Conclusions

The proposed approach to determining the condition is

applicable to any green area, thus avoiding subjectivity and

selectivity in the assessment. Lack of baseline information,

time and resources leads to the fact that the assessment

usually covers either the largest or the most valuable areas,

while others are excluded from the analysis, and thus,

when making decisions, additional arguments for their

preservation are lost, or a complete picture of the state of

green areas of a certain territory is not created. The results

of such assessment will prioritize the actual condition of

green areas in the planning of nature management and

environmental protection measures.
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