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functioning of ecosystems. There is a need to find a compromise between the social and
economic needs of mankind and the potential of the biosphere to satisfy them. At the present stage of development of society, the
tools based on economic interest are the most efficient for the effective use, preservation and restoration of ecosystem functions. The
economic contributions of ecosystems are not fully taken into account in the modern economy. This is largely explained by the lack of
a coherent scientific approach to defining their nature and lack of methodological tools for their economic evaluation. In this regard, the
need arises for undertaking appropriate scientific research and the inclusion of ecosystem services in the activities of business entities.
The concept of ecosystem services is based on the need for co-evolutionary development of environmental and economic components.
There is no single approach to implementing the concept of ecosystem services that would meet the environmental conditions of
every geographical site. Generalisation and systematisation of the provisions of the concept of ecosystem services, verification of the
basic mechanisms and their adaptation to the legal and regulatory framework in Ukraine, examination of the conditions of ecosystems
and their economic value are necessary for the implementation of the ecosystem approach in the sectors of the Ukrainian economy.
The objective of the study is to characterise the progress of development and implementation of the concept of ecosystem services in
Ukraine; to define and characterise the ecosystems in Ukraine that are particularly important for the provision of ecosystem services.
Scientific principles and consistent patterns in the field of ecology, geography and landscape science provided the methodological
basis of the study, which was based on a systematic approach. The cartographic method (based on GIS-technologies), the method
of expert estimations and the statistical method were used. ArcGis and Mapinfo Professional software products as well as Google
satellite images and electronic vector layers of a topographic map of Ukraine with a scale of 1:200,000 were used to calculate the
area of ecosystems within landscapes and create cartographic material. Statistical and cartographic materials, reports from research
institutions, regulatory and reference materials, scientific papers written by domestic and foreign scholars provided the information
basis of the study. Scientific papers on the classification of ecosystems, ecosystem services and the implementation of the concept
of ecosystem services in Ukraine have been analysed. The categories, size and area of ecosystems in Ukraine that are of particular
importance for the provision of ecosystem services have been defined, their ecological condition has been assessed and the prevailing
ecosystem services have been identified.
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AHoTamnisi. 30epexeHHs! 1 BITHOBIICHHS IIPUPOJHOTO CEPEIOBHILA, 3a0e3I1eUeHHS €KOIOTTYHO 6e31eyHOro GyHKIIIOHYBaHHS €KOCHCTEM
€ TIPIOPUTETHUMHU YMOBAMH peaji3allii MaHiBHOI CyCIIUIFHOT MapaJurMy — PO3BUTKY y FapMOHIT 3 Tpupoolo. BuHrkae HeoOXinHICTh
MOIIYKY KOMIIPOMICY MIX COLIQJIbHUMHU 1 €KOHOMIYHMMH TTOTpeOaMH JIFOICTBA Ta MOXKIHMBOCTSIMHU Oiocdepu iX 3a0BUIBHATH. Y
Cy4acHill eKOHOMIII HE IMOBHICTIO BPaXOBYIOTbCS €KOHOMIUHI BHECKH IIHHOCTEH EKOCHCTEeM, IO 3HAYHOIO MIpOIO TOSICHIOETHCS
BIZICYTHICTIO Y3TO/KEHOTO HAyKOBOTO IiIXOIy 0 BH3HAYCHHS iX CYTHOCTI Ta 3MICTY, METOJMYHOTO IHCTPYMEHTapII0 IX EKOHOMIUHOT
OIIHKHU. Y 3B’SI3KY 3 I[M, BAHUKA€E HEOOX1HICTh BiIMOBITHUX HAYKOBHUX JOCIIKCHD Ta BKIIFOUCHHS €KOCHCTEMHHUX MOCIYT Y TisUTbHICTh
cy0’ekTiB TocnioaproBaHHs. KOHIIEIIis eKOCHCTEMHHX MOCITYT 3aCHOBAaHA Ha HEOOXITHOCTI KOEBOJIOLIITHOTO PO3BUTKY €KOJIOTIUHOT
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Ta EKOHOMIYHOI CKJIaJ0BUX. CMHOTO MiAXOMY MO0 peati3arilii KOHIEMIlii eKOCUCTEMHHX TOCIIYT, SIKUi BiIMOBIIaB OU MPUPOTHUM
YMOBaM KOHKPETHHX T€PUTOPiabHUX 00’ €KTiB, He icHYe. J{JI BIIPOBAPKEHHST €KOCHCTEMHOTO TiIXOy B CEKTOPU EKOHOMIKH YKpaiH!
HEOOXIHI y3araJbHEHHS Ta CHCTEMaTH3allisl MTOJIOKEHb KOHIICTIIIT €KOCUCTEMHHX IMOCIYT, BepH]iKallisi OCHOBHIX MEXaHI3MiB Ta ix
aJlanTaris 10 HOpMaTUBHO-TIPABOBOTO TOJIST YKpaiHH, JOCTIHKEHHS CTaHy €KOCHCTEM Ta iX eKOHOMIYHOI IIHHOCTI. MeTa ToCTiIKEeHHST:
OXapaKTepU3yBaTH CTaH PO3POOJICHHS Ta peaji3alil KOHLENMil eKOCHCTEMHUX MOCHyr B YKpaiHi; BUAUIATH Ta OXapaKTepU3yBaTH
EKOCHCTEMH YKpaiHHM, II0 MalTh OCOOIMBO Ba)KJIMBE 3HAUCHHs JUIS HAJAHHS €KOCHCTEMHHUX IMOCIYT. MeTOHOJOTiYHOI OCHOBOIO
JOCITI/DKEHHS, sike 0a3yBaJloCsl Ha CHCTEMHOMY MiIXosi, OyiIy HayKOBi NPHHIMIHM i 3aKOHOMIPHOCTI B raiy3i ekoiorii, reorpadii,
nanamagTo3HABCTBA Ta iH. BukoprcroByBaucs kaprorpadidnauii (Ha ocHoBi GIS-TexHOIIOTrH), eKCIIePTHHUX OIIHOK Ta CTAaTUCTUYHUI
metoau. [IpoananizoBaHo HayKoBi mpaili o010 Kiacuikalii eKocHCTeM, eKOCHCTEMHUX TIOCITYT Ta peatizallii KOHIEMIIii €KOCHCTEMHHIX
nociyr B Ykpaini. Busnaueno kareropii, 00csry, Iiony eKocucTeM YKpaiHH, IO MalOTh 0COOIMBO BaXKJIMBE 3HAYCHHS U HaTaHHS

€KOCHCTEMHUX MOCIYT, OL[IHEHO 1X eKOJIOTIYHHI CTaH Ta BU3HAYECHO NepPeBaXKarodi €KOCHUCTEMHI OCITYTH.

Kniouosi cnosa: konyenyis, exocucmemui nociyeaiu, ekocucmema, ianouiagpm, exkocucmemu Ykpainu, 1anowagmu Yxpainu

Introduction. Development in harmony with nature
is a fundamental social paradigm, the realisation of
which depends on fulfilment of basic conditions,
namely preservation and restoration of the natural
environment as well as ensuring the ecologically
safe functioning of ecosystems. There is a need to
find a compromise between the social and economic
needs of mankind and the potential of the biosphere
to satisfy them. (Korchemlyuk, Arkhypova, 2016;
Prykhodko, 2017; Prykhodko et al, 2019).

Atthe present stage of development of society, the
tools based on economic interest are the most efficient
for the effective use, preservation and restoration of
ecosystem functions. The economic contributions of
ecosystems are not fully taken into account in the
modern economy. This is largely explained by the
lack of a coherent scientific approach to defining
their nature and lack of methodological tools for their
economic evaluation (Mishenin et al, 2015). In this
regard, the need arises for undertaking appropriate
scientific research and the inclusion of ecosystem
services in the activities of business entities.

The concept of ecosystem services is based on
the need for co-evolutionary development of environ-
mental and economic components. It is introduced in
the national policies and legal systems of many coun-
tries, has become the basis of a number of internation-
al treaties and is presented in the outcome documents
of the UN Conference on Continuous Development
“Rio+20”. The European Biodiversity Strategy re-
quires all EU member states to establish and evalu-
ate ecosystems and ecosystem services at the national
level, as well as integrate the results into an overall
system of environmental and economic calculations
by 2020 (Cili rozvytku tysjacholittja Ukrai’na: 2000-
2015, 2015). The ecosystem approach should be
implemented in territorial management in Ukraine
by 2020, and Ukrainian legislation in this area must
harmonise with European legislation.

Works of many foreign and domestic scholars
have provided new insights into the theoretical
foundations of harmonisation of relations between

388

society and nature, the classification of ecosystems,
the standardisation of ecosystem functions, the theory
of natural capital and its assessment, the classification
of ecosystem services (Didukh, 2005; Brown et al.,
2007; Nykyforov et al., 2011; Chan et al., 2012;
Costanza, 2012; Daniel et al., 2012; Egoh et al., 2012;
Roche, Campagne, 2012; Burkynskyi, Horiachuk,
2013; Plieninger et al., 2014; Forster et al., 2015;
Malinga et al., 2015; Martinez-Harms et al., 2015;
McDonough etal., 2015; Polasky etal.,2015; Bobylev
etal., 2016; Landers et al., 2016; Onyshchenko, 2016;
Solovii, 2016; Englund et al., 2017; Jiang, 2017,
Olander et al., 2017; Pascual et al., 2017; Wright et
al., 2017; HainesYoung, Potschin, 2018; Maes et al.,
2018; Holubchak et al., 2019).

There is no single approach to implementing
the concept of ecosystem services that would meet
the environmental conditions of every specific
geographical site. Generalisation and systematisation
of the provisions of the concept of ecosystem services,
verification of the basic mechanisms and their
adaptation to the legal and regulatory framework in
Ukraine, examination of the conditions of ecosystems
and their economic value are necessary for the
implementation of the ecosystem approach in the
sectors of the Ukrainian economy.

The objective of the study is to characterise the
progress of development and implementation of the
concept of ecosystem services in Ukraine; to define
and characterise the ecosystems in Ukraine that are
particularly important for the provision of ecosystem
services.

Research material and research methods. Scientific
principles and consistent patterns in the field of
ecology, geography and landscape science provided
the methodological basis of the study, which was
based on a systematic approach. The cartographic
method (based on GIS-technologies), the method
of expert assessment and the statistical method
were used. Statistical and cartographic data, reports
from research institutions, regulatory and reference
materials, scientific papers written by domestic and
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foreign scholars formed the information basis of the
study.

Results obtained and their analysis. In the classical
sense, an ecosystem is a rankless unit of various
dimensions, which is not characterized by territorial
restrictions (its size is determined systematically).
Therefore, the identification of ecosystems at
the territorial level is important for the scientific
substantiation and implementation of the concept
of ecosystem services. Western European scholars
consider the smallest unit of such ecosystems to be
“habitat”, which is close to “ecotope”. According to
the definition adopted in the European classification
EUNIS (European Nature Information System), an
ecotope is a group of plants and animals that forms a
biotic environment together with abiotic factors and
interacts with other groups in a certain area (Davies,
Moss, 2002). In this sense, the concept of “ecotope” is
close to that of “biogeocenosis” (Didukh, 2005). When
investigating within the landscape, it is advisable
to take the “facies” as the smallest ecosystem at the
territorial level (Hrodzynskyi, 1993).

The European classification of ecosystems
EUNIS has incorporated the advantages of various
classifications (Emerald, NATURA 2000, CORINE,
Palearctic Habitats), is based on the assessment of
ecotope similarity, has a hierarchical structure and
includes 11 main types, within which levels of II-
VII degree are distinguished. A detailed classification
is developed for the western regions of Europe; a
less detailed classification is developed for Eastern
Europe.

In Ukraine, Y. P. Didukh, T. L. Andriienko, D.
M. Hrodzynskyi, A. V. Klimov, A. A. Kuzemko, V.
V. Nykyforov, V. A. Onyshchenko, M. A. Son, Y. R.
Sheliah-Sosonko and other scholars have focused
their research and scientific works on the development
of the classification of ecosystems.

In accordance with the pan-European principles
of EUNIS, Y. P. Didukh and A. A. Kuzemko have
developed a classification of ecosystems for the
Halytsko-Slobozhanska  Eco-Network  (Didukh,
Kuzemko, 2005), Y. P. Didukh, T. V. Fitsailo,
Y. P. Korotchenko and others have developed a
classification of forest biotopes (excluding the
Carpathians) and forest-steppe zones of Ukraine
(Didukh et al, 2011). The emphasis was placed on
the natural biotopes that need to be protected and
can form the basis for the scientific substantiation
for the creation of new protected sites. A. V. Klimov
and others (Klimov et al, 2014) have developed a
classification of ecosystems of wetlands in Ukraine. It
is based on the physical-geographical and geobotanical

zoning of Ukraine (2003), taking into account the
typology of natural landscapes of the lowland part of
Ukraine (1999). V. A. Onyshchenko has developed a
Ukraine-adapted guidebook for the identification of
the habitats of I-11I levels of the EUNIS classification
and the existing habitats in Ukraine under Resolution
No. 4 (1996) of the Standing Committee of the Bern
Convention as of July 1, 2016 (Onyshchenko, 2016).
Also, the classifications have been developed for
the individual objects of the Nature Reserve Fund
of Ukraine, basin and anthropogenic ecosystems
(Aloshkina, 2011; Didukh, Aloshkina, 2012; Kozak,
Didukh, 2015).

The definition of ecosystem services as the
benefits and values derived from the ecosystem, as well
as the entire list of material, energy and information
flows created by natural capital reserves, which in
combination with physical, human and social capital
ensure the well-being of society, is the most common
in the scientific literature (Brown et al, 2007).

The basics of the standardisation of ecosystem
functions, goods and services are outlined in the
article by R. de Groot et al. (De Groot et al, 2002).
Ecosystem services and goods provided were
considered as the result of their functions evaluated
from a human perspective.

Currently, three international classifications of
ecosystem services have been developed (Bobylev
et al, 2016): 1) Millennium Ecosystem Assessment
(MA); 2) The Economics of Ecosystems and
Biodiversity (TEEB); 3) Common International
Classification of Ecosystem Services (CICES).
The CICES classification is based on the two
aforementioned classifications, but is more focused
on the accounting and economic evaluation of
ecosystems at the national, regional and local levels.
These classifications are substantially similar and
include three main categories of ecosystem services:
provisioning — providing people with material
goods and resources that they use; regulating —
various mechanisms of ecosystems that regulate
the environmental indicators that are important
for human well-being; cultural — the non-material
meeting the cultural, spiritual and scientific needs of
people (Bobylev et al, 2016). Work on standardisation
and agreement on the list of ecosystem services is in
progress (HainesYoung, Potschin, 2018).

To date, there are no general criteria for
quantitative assessment of various impacts on
ecosystems. Each impact on an ecosystem is
determined according to its own rating scale. To
assess the condition of ecosystems, the following
actions are undertaken: the qualitative composition
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and quantitative characteristics of the impacts are
determined, the chemical composition of substances
and their concentration in ecosystem components are
evaluated in order to compare the obtained results
with a given standard and evaluate the results from
the standpoint of benefit or harm to biota.

The assessment of the value of the ecosystem
services depends on the comprehension of these
services. It is very difficult to perceive, analyse and
evaluate all ecosystem services, as well as forecast
how they can change as a result of human activity.
Lack of this information results in the underestimation
of the value of ecosystem services. Various methods
are used to assess the value of ecosystem services
depending on what is being considered, how stringent
the data requirements are and the limitations that are
permissible. (Dykson et al, 2000). It is advisable to
use several evaluation methods in parallel to obtain
more reliable results.

In Ukraine, B. V. Burkynskyi, V. F. Horiachuk,
N. V. Dehtiar, E. V. Mishenin, A. A. Osaul, I. P. Solovii,
M. A. Fedorenko and other scholars have written
their scientific works on the theory of natural capital
and its assessment as well as on research conducted
on ecosystem services (as a component of natural
capital). In their works, they placed emphasis on the
fact that it is especially relevant to solve the problem
of the adequate assessment of natural capital while
determining the directions of the socio-economic
development of the country under the conditions
of increasing anthropogenic impact on the natural
environment and the need to ensure continuous
development of society (Burkynskyi, Horiachuk
2013; Solovii, 2016).

Summing up, it should be noted that the
classification of ecosystems in Ukraine and the
ecosystem services that they provide are in the
process of formation. In order to introduce the
concept of ecosystem services in the sectors of the
Ukrainian economy, it is necessary to scientifically
substantiate, improve and generalise the conceptual
and terminological apparatus, classification of
ecosystems and ecosystem services, methods for
assessing the condition of ecosystems and calculating
the cost of ecosystem services; to develop and adopt
relevant regulatory legal acts.

According to M. A. Holubets, a landscape
ecosystem 1is a combination of biogeocenotic
ecosystems interconnected by genetic relationships,
historical connections, geochemical bonds and
biotic ties, related by a certain type of economic use
according to geological, geomorphological, soil-
hydrological and climate indicators and located
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on a homogeneous area of the earth»s surface. As
for spatial boundaries, this category includes any
natural-territorial complex (natural boundary, terrain,
massif, river basin, etc.) that can be considered as a
functional, self-organised and self-regulated energy
system (Holubets, 2000).

Such ecosystems provide various priority
ecosystem services (for example, forest ecosystems
provide regulation and maintenance in mountain
landscapes and provisioning in plain landscapes) in
different natural environments. Based on this, we have
generalised the landscape map of Ukraine in order to
link ecosystems to particular territories (Rudenko et
al, 2007). As a result, a landscape map at the level of
landscape categories has been created. There are 34
landscape categories in Ukraine (Fig. 3).

The research on ecosystems and the ecosystem
services that they provide was conducted taking into
account the distribution of ecosystems in landscape
ecosystems (landscapes) in Ukraine.

According to the EUNIS classification, there are
7 ecosystems (habitats) of the 1st level (Onyshchenko,
2016) that provide basic ecosystem services in
Ukraine: B — Coastal habitats; C —Inland surface
waters; D — Mires, bogs and fens; E — Grasslands
and lands dominated by forbs, mosses or lichens; G —
Woodland, forest and other wooded land; I — Regularly
or recently cultivated agricultural, horticultural and
domestic habitats; J — Constructed, industrial and
other artificial habitats.

ArcGis and Mapinfo Professional software
products as well as Google satellite images and
electronic vector layers of a topographic map of
Ukraine with a scale of 1:200,000 were used to
determine and calculate the area of ecosystems within
landscapes and create cartographic material.

The distribution and percentage share of
ecosystems in landscape categories in Ukraine is
shown in Table 1 and Figures 1, 2.

Dangerous exogenic processes, technogenic
loading, anthropogenic changes in the geological and
geomorphological structure as well as the ecological
condition of soils, surface water and groundwater,
atmospheric air and vegetation cover were analysed
to assess the ecological condition of landscape
ecosystems in each of the 34 categories of landscapes.
The integral indicators of the ecological condition are
shown in Figure 3.

According to the CICES V 5.1 classification,
ecosystems provide three main types of ecosystem
services: 1 —Provisioning; 2 — Cultural; 3 —Regulation
and Maintenance. Due to the fact that there is no
common method for determining the economic value
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1-61,9%

B-04%

D-1,6%

C-40% J-42%

Code according to the EUNIS classification:
B - Coastal habitats
C - Inland surface waters
D - Mires, bogs and fens
E - Grasslands and lands dominated
by forbs, mosses or lichens
G - Woodland, forest and other
wooded land

|- Regularly or recently cultivated
agricultural, horticultural
and domestic habitats

J - Constructed, industrial and other
artificial habitats

Fig. 1. The percentage of ecosystems in Ukraine (% of the total area of Ukraine)

of ecosystems at present and that this process requires
a considerable amount of information, the assessment
of the percentage of services provided by ecosystems
was carried out with the help of the expert method.
The prevailing ecosystem services were determined
by experts in each of the 34 categories of landscapes
(see Fig. 3) as a share of all ecosystem services.

Conclusions. 1) The concept of ecosystem services
has gained importance. The ecosystem approach
should be implemented in territorial management in
Ukraine by 2020, and Ukrainian legislation in this
area must harmonise with European legislation.

2) The classification of ecosystems in Ukraine
and the ecosystem services that they provide is in
the process of formation. In order to introduce the
concept of ecosystem services in the sectors of the
Ukrainian economy, it is necessary to scientifically
substantiate, improve and generalise the conceptual
and terminological apparatus, classification of
ecosystems and ecosystem services, methods for
assessing the condition of ecosystems and calculating
the cost of ecosystem services; to develop and adopt
relevant regulatory legal acts.

3) According to the EUNIS classification, there
are 7 ecosystems (habitats) of the Ist level that
provide basic ecosystem services in Ukraine: B —
Coastal habitats (0.4% of the total area of Ukraine);
C —Inland surface waters (4%); D — Mires, bogs and
fens (1.6%); E — Grasslands and lands dominated by
forbs, mosses or lichens (12.4%); G — Woodland,
forest and other wooded land (15.4%); I — Regularly
or recently cultivated agricultural, horticultural and
domestic habitats (61.9%); J — Constructed, industrial
and other artificial habitats (4.2%).

4) Landscapes that are in a favourable and
moderately favourable environmental condition
occupy about 17% of the area of Ukraine; in a
satisfactory environmental condition — 49%; in a
deteriorated and stressed environmental condition —
34%.

5) It is necessary to conduct a large-scale study of
the components of landscape ecosystems in Ukraine
for a more detailed analysis of the condition and
dynamics of ecosystems, the economic assessment of
ecosystems and the services they provide.
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LEGEND :
1 - landscape category number (see Fig. 3)
Distribution of ecosystems in landscapes (% of the total area of the landscape category):
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Fig. 2. The distribution of ecosystems in the landscapes of Ukraine
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LEGEND
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Category of landscape:
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13 Paleogene deposits

14 | lowiands and uplands with a Hercynian folded base overlain by Meso-Cenozoic deposits

15 | structural-denudation uplands with a Hercynian falded base

16 ’—| uplands and lowlands with anthropogenic cover on Paleogene deposits dissected by
ravines and gullies that are cut into Cretaceous deposits
SUBTYPE: MID-LATITUDE STEPPE FESCUE-FEATHER GRASS LANDSCAPES
Category of landscape:

17 [ | lowtands with & lowethick ' ic cover on Precambrian rocks

18 | lowdands with a high-thickness anthropogenic cover on Neogena deposits
SUBTYPE: SOUTHERN STEPPE WORMWOOD-GRASS LANDSCAPES

Category of landscape:
19 | coastal lowlands with anthropogenic cover on Neogene deposits
SUBTYPE: STEPPE CRIMEAN LANDSCAPES
Category of landscape:
20 lewdands with anthropogenic cover on Neogene sand-clay deposits
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2 | | lowlands wih anth it cover on Meog
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WITH SUBALPINE MEADOWS (POLONYNAS)
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fiysch
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3 |—| Cretaceous flysch ; | ing
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Neogene and Cretaceous deposits | stressed | Provisioning and Regulation & Maintenance
32 - low mountaing and medium-altitude mountains with luvium on Jurassic-Cretaceous rocks '_ | Regulation & Maintenance and Provisioning
dissected southern flanks and sub-Mediterranean low mountains on Jurassic flysches and ; z
n I:I voleanic mdql‘ls ! I I o - Regulation & Maintenance and Cultural
34 [ FLOCDPLAIN LANDSCAPES OF MOUNTAINS [ ] Mixed

Fig. 3. 1) The landscapes of Ukraine (at the level of category of landscapes) (summarised by (Rudenko et al, 2007))
2) The ecological condition of the landscape ecosystems
3) The prevailing ecosystem services of the landscape ecosystems
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