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1	 INTRODUCTION

​1.1​ Definitions of ecosystem services 

Mederly, Černecký et al. (2019) state: “Nature and 
the environment are a key and indisputable val-
ue in terms of human existence – perhaps more 
important the more people in the world live and 
the more a man influences and changes the en-
vironment through his activities. The world com-
munity and the European Union are increasingly 
aware of this fact, as are the various international 
activities and policy initiatives.” The existence of 
natural capital, such as biodiversity and ecosys-
tems, which provides vital products to the hu-
mans – from fertile soils and multifunctional for-
ests, through quality drinking water and clean air 
to pollination, climate regulation and flood control 
-  is a  prerequiste for global economic prosper-
ity and human well-being.  Mapping ecosystem 
services (ES) is key to understanding how ecosys-
tems contribute to the quality of human life and 
to supporting the argumentation of multisectoral 
policies that have a major impact on natural re-
sources and their use (Burkhard & Maes 2017). An 
ecosystem can be defined as a dynamic complex 
of a community of plants, animals, microorgan-
isms and their non-living environment forming a 
functional unit together. The ecosystem approach 
is a strategy for integrated management of land, 
water resources and biota that supports their con-
servation and sustainable use (MEA 2005).

At present, the ES’s assessment is on the rise, al-
though this concept originated in the 1970s, when 
the benefits and functions of nature that are ben-
eficial to man were discussed.  The intention was 
to increase people’s interest in nature protection 
or biodiversity conservation. The world’s lead-
ing experts have set goals such as improving the 
protection and sustainable use of ecosystems 
(clean water, food, forest products), restoring and 

maintaining the sustainability of basic ecosys-
tem functions. Over time, other ecosystem func-
tions were added and characterised as services 
valued in monetary terms. According to the MEA 
(2005), the ES create human well-being at local, 
regional and global levels and reduce poverty. 
ES are ecological components that are directly 
consumed or provide benefits and thus contrib-
ute to human well-being (Boyd & Banzhaf 2005). 
The ES contribute to the benefits and advantages 
of economic and other human activities (SEEA-
EEA 2014). The ES concept and their assessment 
helps to better understand the environmental, 
social and economic benefits of sustainable use 
and protection of ecosystems (de Groot et al. 
2010). The ES concept represents an integrated 
approach to landscape assessment with an em-
phasis on participatory methods and has great 
potential to streamline spatial planning in Slova-
kia (Izakovičová et al. 2017). According to Act no. 
543/2002 Coll. on nature and landscape protec-
tion, as amended, the term ES means “the benefits 
and advantages of naturally functioning ecosys-
tems”. The above definitions of the ES are simple 
and understandable even for ordinary people 
and aim to make the value of nature visible. This 
monography brings a complex assessment of the 
ES, potential of which lies in their implementation 
into decision making processes, spatial planning 
documentation, nature conservation documenta-
tion and establishment of ecosystem accounting, 
which will help to include so far unrated benefits 
of the nature into economic assessment  on na-
tional level.  Ecosystem accounting (SEEA-EEA 
2014) is an integrated approach to assessing the 
value of the environment and measuring ES flow 
as part of economic and other human activities.

​1.2​	 Development of the concept of ecosystem services
in Europe and Slovakia

A milestone in strengthening the need for ES as-
sessment was the adoption of a global commit-
ment to biodiversity conservation - the Conven-
tion on Biological Diversity (CBD), including the 
Aichi Biodiversity Targets adopted in Nagoya, 
Japan in 2010. Strategic objective D defines the 
need to increase biodiversity and ecosystem ser-
vices for all and sub-target 14 specifies that by 
2020, ecosystems that provide essential services, 
including water-related services, and contribute 
to health, livelihoods and well-being should be 

restored and preserved. EU Biodiversity Strat-
egy 2020 imposes ES commitments on Member 
States - carry out assessments of ecosystems 
and their services at national level, integrate it into 
the reporting system by 2020 and implement it in 
their national policies. A detailed overview of the 
history of the application of the ES concept and 
the process of their evaluation in the European 
Union is given in the publication Catalogue of Eco-
system Services in Slovakia (Mederly, Černecký et 
al. 2019).
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To support the fulfillment of the 2020 Strategy 
commitments, in 2013 the European Commission 
set up an expert group for mapping and assess-
ment of ecosystems and their services - Map-
ping and Assessment of Ecosystems and their 
Services (MAES). The last meeting of the MAES 
Group (March 2019) concluded that the level of 
implementation of ES commitments by the Mem-
ber States of the European Union (EU) is estimat-
ed at 70%, while in Slovakia it is only at 20%. The 
20% represent partial studies, the implementation 
of basic concepts into legislation and the estab-
lishment of a MAES working group at the national 
level. National ES assessment, an ES assess-
ment and the implementation of the ES concept 
through ecosystem accounting is still missing.

In June 2019, the State Nature Conservancy of 
the Slovak Republic, the University of Constantine 
the Philosopher in Nitra and the Institute of Land-
scape Ecology of the Slovak Academy of Sciences 
published the Catalogue of Ecosystem Services 
of Slovakia (Mederly, Černecký et al. 2019) that 
presents a list of the most relevant ES in Slovakia 
as well as the assessment of landscape capac-
ity in their provision. Detailed map of ecosystems 
of Slovakia (Černecký et al. 2019) was developed 
in parallel. Together, these publications create an 
important scientific basis and stimulus not only 
for the fulfillment of the EU Biodiversity Strategy 
2020, but also for further research in the area of 
ecosystems in Slovakia, their services and various 
methods of their assessment and valuation.

​1.3	 Division of the ecosystem services

Currently, the three international ES classifications 
most used are :
● Millennium Ecosystem Assessment (MEA)
● Economics of Ecosystems and Biodiversity (TEEB)
●Common International Classification of Ecosystem 
Services (CICES)

In essence, they overlap to a large extent, all dis-
tinguishing between supply services, regulatory 
and maintenance and cultural services (Maes et 
al. 2013). The MEA (2005) classification of ecosys-
tem goods and services based on the Millennium 
Ecosystem Assessment (Reid et al. 2005) was the 
first global assessment of ecosystems. It pointed 
to the interdependence between ecosystems, 
goods and services, biodiversity and human well-
being. It was also used as a basis by the TEEB and 

CICES classifications. The TEEB proposal (2010), 
which builds on the division of MEA, contains 22 
ES divided into 4 main categories. TEEB has de-
fined the concept of direct and indirect contribu-
tion of ecosystems to human well-being. In the 
CICES system, services are provided either by liv-
ing organisms (biota) or by a combination of living 
organisms and abiotic processes. Abiotic outputs 
and services, such as the provision of minerals 
through their extraction or the use of wind energy, 
can affect ecosystem services, but are not depen-
dent on living organisms (Kušíková 2013). CICES  
categorization of ES (Haines-Young & Potchin 
2018) is based on existing classifications, but fo-
cuses more on ecosystems. A clear comparison of 
the basic ES classification systems is given in Tab. 1
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  Tab. 1  Main classification systems of ecosystem services (Costanza et al. In: Mederly, Černecký et al. 2019)

ES Group 
Costanza et al. 
1997

Category according 
to MEA 2005

Category according 
to TEEB 2010

Category according to CICES 2018

Provisioning 
services

Food production Food Food
Biomass for food
Freshwater and marine plants and 
animals for food 

Water supply Fresh water Water
Surface and ground drinking water
Surface and ground water for other 
purposes

Raw materials Fibers, timber Raw materials Biomass – timber and other fibres

Genetic resources

Genetic resources Genetic resources Genetic resources of biotic origin

Biochemicals and 
natural medicine 

Pharmaceutical 
resources 

Genetic material for biochemical 
and pharmaceutical processes 

Ornamental re-
sources

Ornamental re-
sources

Materials of biotic origin (ornamen-
tal resources)

Biomass – energy  resources of 
plant and animal origin 

Abiotic resources

Regulatory and 
maintenance 
services

Gas regulation
Air quality regula-
tion 

Air purification Regulation of gas and air flows 

Waste regulation
Water purification, 
waste regulation

Waste regulation 
(water purification)

Regulation of waste, toxic sub-
stances and other pollutants

Disturbance regu-
lation (protection 
from storms and 
flood control)

Natural risks regu-
lation 

Mitigation of ex-
treme events

Regulation of air and liquid flows 

Water regulation 
(irrigation, draught 
prevention)

Water regulation 
Regulation of wa-
ter flows 

Regulation of liquid flows

Erosion regulation 
and sediment re-
tention 

Erosion regulation Erosion prevention Regulation (directing) of fixed flows

Climate regulation Climate regulation Climate regulation
Atmosphere composition and glob-
al climate regulation

Soil production
Soil production 
(maintenance ser-
vice)

Support of soil 
fertility 

Support of soil production and 
composition 

Pollination Pollination Pollination
Support of life cycles (pollination 
including)

Places of refuge 
(nesting and mi-
gratory habitats)

Biodiversity

Support of life 
cycles (nesting)
Gene pool protec-
tion

Support of life cycles and habitats, 
protection of gene pool

Biological control 
Regulation of 
pest and disease 
spreading 

Biological control
Support for pest and disease con-
trol 

Nutrition cycle
Nutrition cycle and 
photosythesis, pri-
mary production 
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ES Group 
Costanza et al. 
1997

Category according 
to MEA 2005

Category according 
to TEEB 2010

Category according to CICES 2018

Cultural
services

Recreation (eco-
tourism, outdoor 
activities includ-
ing)

Recreation and 
ecotourism 

Recreation and 
ecotourism

Physical and experiential relation-
ships (recreation, tourism)

Culture (aesthet-
ics, art, spiritual 
life, education and 
science)

Aesthetic values
Aesthetic informa-
tion 

Experiential relationships

Cultural diversity 
Inspiration for the 
culture and art 

Representative relations (promo-
tion, art)

Spiritual and reli-
gion values 

Spiritual experi-
ence 

Spiritual and symbolic relationships 
(cultural heritage ...)

Cognitive system 
and educational 
values

Information for 
learning

Intellectual relations 
(Willingness to protect the nature, 
moral aspects)

​1.4​ Methods for ecosystem services assessment 

ES evaluation is currently an increasingly used 
tool for decision-making and planning. The  scope 
of this use is wide, ranging from (environmental) 
awareness to creating strategic documents, set-
ting priorities, etc. Most ES experts are in agree-
ment that a number of methods are suitable for ES 
evaluation - in principle they can be grouped into 
three basic groups according to the main principle 
of evaluation and expression of results - biophysi-
cal methods, non-monetary / socio-cultural 
methods and monetary / economic methods. 
In addition, there are cross-sectional (integrated) 
methods that use several principles and often 
combine multiple methods (Mederly, Černecký et 
al. 2019). Frélichová et al. (2014) compiled an over-
view of ES research and valuation methods.

Non-monetary / socio-cultural methods 
Kelemen et al. (2016), Chan et al. (2012) state that 
non-monetary approaches can be applied at dif-
ferent stages of ecosystem planning and man-
agement, e.g. when setting (creating) problems, 
mapping, valuation and decision making. These 
methods explore the importance, preferences, 
needs and requirements of people towards na-
ture and express possible values ​​through qualita-
tive and quantitative measures - other than mone-
tary ones. The expression of the multidimensional 
character / nature of human well-being in mon-
etary value is only one of the possible aspects of 
this expression, others are e.g. symbolic, cultural, 
ecological, spiritual.

Non-monetary valuation (NMV) has a long tra-
dition in some areas of environmental policy-

making (eg demarcation of protected areas) and 
in the last decade various international initiatives 
have confirmed / acknowledged their role in ES 
valuation (e.g. MEA, TEEB, IPBES). Despite grow-
ing political pressure and scientific interest, NMV 
of ES does not yet represent a formalized meth-
odological approach (Nieto-Romero et al. 2014). 
NMV therefore often uses indicative and informal-
ized indicators (Seppelt et al. 2014) and leads to 
results whose accuracy and reliability are difficult 
to assess or difficult to implement. To increase 
the applicability of NMV, it is necessary to clarify 
the boundaries and terminology and consider the 
contextual specification of NMV techniques (Kele-
men et al. 2016).

The most often used socio-cultural methods  ac-
cording to Santos-Martín et al. (2017) are:

●	 Preference assessment – a consulta-
tion method for analyzing the perception, 
knowledge and assessment of the need or 
use of the ES,

●	 Time use methods – determining the will-
ingness of respondents to allow for chang-
ing the quality or quantity of the ES,

●	 Photo-elicitation survey – a survey of the 
value of a certain place in terms of ES provi-
sion based on the perception and feelings 
of respondents

●	 Narrative methods – methods using the de-
scription, a  specific story to express the 
value of ecosystems /landscape from ES 
point of view,

●	 Participatory mapping – evaluation of ES 
in participatory manner, with the use of 
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knowledge of various interested groups of 
society (stakeholders)

●	 Scenario planning – development of pos-
sible future scenarios and evaluating their 
relationship with the use of the  ES (usually 
by participatory methods)

●	 Deliberative methods – evaluation and de-
cision-making ( also in ES issues) in an open 
discussion with the stakeholder groups‘ 
representatives.

Biophysical methods
In the “SEEA” Environmental Economic Account-
ing System (European Commission 2014), the 
quantification of the flow of assessed services 
represents the value in biophysical units, where 
the ES is expressed as material and energy flows. 
Gomez-Baggethun & de Groot (sec. Mederly, 
Černecký et al. 2019) present the following bio-
physical methods for ES evaluation:
•	 Ecological Footprint - expresses the area 

of ​​biologically productive area that the so-

ciety uses for its consumption - inputs and 
outputs (similar to the carbon or water foot-
print)

•	 Land Cover Flow Analysis - used to monitor 
changes in the quality of natural capital and 
the multifunctionality of soil.

•	 Material Flow Analysis - monitors environ-
mental inputs and outputs within the me-
tabolism of socio-economic systems

•	 Life Cycle Analysis - monitors the process 
of a particular activity, activity, production 
from its inception to completion (liquida-
tion, extinction).

•	 Energy / Exergy methods - focus on quan-
tifying the amount of energy that must be 
invested in the performance of a given (e.g. 
economic) process.

An overview of ES evaluation tools based mainly 
on biophysical evaluation and modeling accord-
ing to Neugarten et al. (2018) shows Tab. 2.

 

  Tab. 2 Overview of ecosystem services assessment tools (Neugarten et al. In: Mederly, Černecký et al. 2019)

Name and acronym of the tool Internet source

„Step by step“ tools

Ecosystem Services Toolkit – EST
publications.gc.ca / site / 
eng / 9.829253 / publication.html

Protected Areas Benefits
Assessment Tool – PA-BAT

wwf.panda.org / our_work / 
biodiversity / protected_areas / 
arguments_for_protection / 

Toolkit for Ecosystem Service
Site-based Assessment v.2.0 – TESSA

tessa.tools / 

Tools based on PC models  

Artificial Intelligence for
Ecosystem Services – ARIES

aries.integratedmodelling.org

Co$ting Nature v.3 – C$N
www.policysupport.org / 
costingnature

Integrated Valuation of
Ecosystem Services and
Tradeoffs 3.4.2 – InVEST

www.naturalcapitalproject.org / 
invest / 

Multiscale Integrated Models of
Ecosystem Services – MIMES

www.afordablefutures.com

Social Values for Ecosystem
Services – SolVES

solves.cr.usgs.gov

WaterWorld v.2 – WW
www.policysupport.org / 
waterworld
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In practice, biophysical methods based on map 
data (geographic information systems) are often 
used, which allow the spatial expression of value 
or stocks of individual ES and their components. 
The so-called “matrix method” (eg Burkhard et 
al. 2009, 2014) was used to express selected ES in 
measuring the country’s capacity to provide eco-
system services in Slovakia, e.g. in cadastral reg-
ister Hriňová (Selecká 2017) and when comparing 
cultural ES in the territories of the micro-regions 
Terchovská dolina and Horný Liptov (Vrbičanová 
et al. 2020). According to Burkhard et al. (2014) the 
appeal of this method is based on its flexibility in 
detail and level of abstraction - from a relatively 
simple to a highly complex approach. The matrix 
model has the potential to integrate all types of 
data from expert results to statistical data, inter-
view data, measurements or specialized outputs, 
which make it applicable in an environment where 
there is little data or, conversely, in a data-rich en-
vironment. Last but not least, results based on a 
flexible 0-5 rating system and links to geophysical 
spatial units (such as land cover, habitats, vegeta-
tion, soil types) in ES maps provide a wide range 
of applications in science as well as in decision 
making. The matrix method has been used in 
many case studies such as Kandziora et al. (2013), 
Kaiser et al. (2013), Vihervaara et al. (2012), Kroll et 
al. (2012), Nedkov & Burkard (2012), Schröter et al. 
(2012), matrix model in national evaluations of ES 
Zhiyansky et al. (2018) and others.

Monetary methods 
Although the important role of ecosystems for so-
ciety can be expressed in various ways (ecological, 
socio-cultural, economic), expression in monetary 
units is an important tool for raising awareness and 
transferring the importance of ecosystems and bio-
diversity to policy decision-making. Information on 
monetary values ​​makes it possible to make more 
efficient use of limited funds by identifying where 
the protection and restoration of ecosystems / 
biodiversity is most economically necessary and 
where it can be provided at the lowest cost (Cross-
man et al. In de Groot et al. 2012). The expression 
of ES values ​​in monetary units (Farley 2008) pro-
vides guidance on understanding the preferences 
of users (current generations) who consume them, 
thus enabling a better allocation of resources be-
tween competitive benefits. However, it should 
be noted that monetary pricing based on market 
prices usually does not reflect the rights / values ​​
of future generations. According to De Groot et al. 
(2012) the ES is out of the market and is consid-
ered a non-marketable public benefit. That is why 
the continuing over-exploitation of ecosystems is 
at the expense of the livelihoods of the poor and 
future generations. The provision of multiple posi-

tive ecosystem functions may decline or disappear 
rapidly due to overexploitation of land and natural 
resources, and therefore better multisectoral deci-
sion-making and nature conservation institutions in 
favor of sustainable use of ecosystems are neces-
sary to better calculate public goods and services 
provided by ecosystems. ES monetary valuation 
does not mean that economic incentives are the 
only solution, but should be seen as complemen-
tary to other instruments such as spatial planning.

De Groot et al. (2012) evaluated 10 major biomes 
of the world in ES monetary units. To this end, they 
have produced more than 320 publications, cov-
ering more than 300 case studies. Approximately 
1,350 value estimates are stored and available in 
the Ecosystem Service Value Database (ESVD). 
The resulting price of the ES package, which can 
potentially be provided through an “appropriate” 
hectare of the ecosystem, is for e.g. grass herb 
communities 2871 Int. $/ha/year; forests 1588 
Int.$/ha/year; wetlands 25682 Int.$/ha/year, riv-
ers and lakes 4267 Int.$ /ha/year.

Frélichová et al. (2014) identified and priced the 
ES provided in the Czech Republic (CZ). To esti-
mate the total value of ecosystems in the CZ, they 
developed a geographically specific database of 
ES values ​​with six main ecosystem types (divided 
into 41 categories), which provide 17 ES. A specific 
strategy of reviewing the literature was used to 
fill the database with biophysical and economic 
values ​​of the ES - a total of 190 different biophysi-
cal and monetary values ​​of the ES. The “benefit 
transfer” method was used to calculate the total 
value of ecosystems in the Czech Republic - the 
resulting average ES value represented 1.5 gross 
national product (GNP) of the Czech Republic.

Integrated methods of ES evaluation 
Integrated evaluation methods represent a link 
between different ES evaluation methods.

Significant progress in these methods has been 
made thanks to scientific projects aimed at trans-
ferring research results into management and 
decision-making practice (OpenNESS and ES-
MERALDA). Integrated methods are used to sum-
marize the overall benefits of the ES to human 
well-being. They also serve to decide on priorities 
in the use of individual types of ES, which are ex-
pressed in different units and by use of different 
methods. Therefore, it is not easy to interpret the 
results obtained with this evaluation method.

Mapping and graphic presentation of the ES 
In regards to ES presentation, it is the map pre-
sentations and visual displayes  that are an im-
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portant tool for applying the results to the practical 
level. Maps can effectively present complex spatial 
information, and people generally prefer it to text 
ratings. Interest in maps in various areas or organi-
zations, private companies and the public is con-
stantly growing. However, it is important that the 
map data and the results of the ES assessment are 
presented sensitively and not used inadequately 
to create opportunities for further habitat use or 
ecosystems’ exploitation in places where the ES 
is currently in unused surplus (Burkhard & Maes 
2017). Burkhard & Maes (2017) deals with the issue 
of mapping and quantification of the ES at the EU 
level and various approaches to their evaluation.

There is a wide range of categorization systems, 
evaluation schemes, indicators, methods for ES 
quantification, including spatial localisation (Bur-
khard et al. 2014). By linking land use information 
with data obtained from monitoring or statistics, 
stocks and demand for individual ES can be as-
sessed on different spatial and temporal scales 
(Burkhard et al. 2012). The typology and detailed 
classification of ecosystem goods and services 
based on 23 ecosystem functions is analyzed by 
de Groot et al. (2002). The creation of a compre-
hensive ecosystem map (Černecký et al. 2019) 
and a geodatabase of habitat status is an impor-
tant basis for ES assessment in Slovakia.

The basis for ensuring the protection and sustain-
able use of ecosystems is the efficient use of the 
functions and services that the ecosystems provide. 
Proper functioning of ecosystems ensures their high 
ecological resilience and contributes to stability in 
ecological terms. The ES assessment and valuation 
is an important step in a more responsible attitude 
towards future generations, as it will provide us with 
information not only on areas of high ecological / 
economic value, but also on areas where the ES are 
overconsumed at the expense of areas that produce 
enough or even surplus of services. The value of the 
current ES is a value not only for the present but also 
for the future. It can be expressed in financial (mon-
etary) values and it will change over time according 
to the use of the land and its ecosystems. According 
to Grizzetti et al. (2016) and Guerry et al. (2015), the 
ES concept can offer a valuable approach to linking 
man with nature and as well as arguments for the 
protection and restoration of natural ecosystems. 
It highlights the key role of ecosystem and biodi-
versity functions in promoting multiple benefits for 
humans. Understanding the links between natural 
and socio-economic systems can lead to better and 
sustainable use of ecosystems.
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​2	 Procedure and methodology for the assessment of ecosys-
tems and their services

​2.1	 Area assessed 

The ES assessment was carried out for the whole 
territory of the Slovak Republic (SR), the area of ​​
which is 49,036 km² with 5,445,089 inhabitants (31 
December 2018; STATdat 2019). The Slovak Re-
public has a relatively dense network of settle-
ments, there are 2,890 independent municipali-
ties, of which 140 are towns, of which only 2 have 
more than 100,000 inhabitants and 10 have more 
than 50,000 inhabitants (STATdat 2019). Slovakia’s 
climate is on the border between continental and 
oceanic. Individual surface units of Slovakia belong 
to the Pannonian Basin and the Carpathians, which 
also results in the division into two biogeographical 
regions - Alpine and Pannonian. More than 40% of 
the territory of the republic is forested. The rivers 
in Slovakia spring there and they are mostly low in 
water, with the exception of large rivers. Most of the 
territory of Slovakia is occupied by the Western Car-
pathians, a zonal mountain range with a significant 
mantle structure, which is part of the Alpine-Hima-
layan system. The Western Carpathians are divided 
into several zones (Kováč & Plašianka 2003).

Slovakia has got a  well developed agriculture, 
which uses about 40% of the country’s surface. 
Nature protection is ensured primarily through 
the existence of national and European system 
of protected areas, namely 9 national parks, 14 
protected landscape areas and a total of 1,004 
small-scale protected areas. There are 642 Site 
of Community Importance and 41 Special Pro-
tection Areas. There are also other categories of 
protected areas that contribute to the protection 
of biodiversity in Slovakia. The ES evaluation has 
taken place at the national level and is available 
for the entire country. Based on the report under 
Art. 17 of the Habitats Directive, the greatest threat 
to ecosystems in recent years is posed mainly by 
agricultural activities, forestry, abandonment of 
traditional forms of land management, energy 
production processes and development of relat-
ed infrastructure, construction of transport infra-
structure, climate change processes, urbanization 
and other factors (State of nature 2015).

​2.2	 Data collection and ecosystem map preparation process

The map of ecosystems was prepared on the ba-
sis of data and procedures presented in the work 
“Ecosystems in Slovakia” (Černecký et al. 2019). 
ES assessment at national level requires a large 
amount of background data and, above all, a 
comprehensive and as accurate map of ecosys-
tems as possible. For simplicity, many European 
countries often rely on map data from the Co-
rine Land Cover (CLC) database only. In Slovakia, 
more detailed data were used in the preparation 
of the ecosystem map, which enabled a better 
and more accurate assessment. As a result, con-
tiguous generalized map of ecosystems in Slova-
kia was developed using agriculture department 

data (agriculture and forestry), environment de-
partment data supplemented by data processed 
from CLC layers (CLC 2012) and selected layers 
from the Open streetmap (Geofabrik 2017) with 
habitats assigned in the EUNIS classification (EEA 
2018) at various levels. This map allows for further 
analysis and has a variety of uses, including the 
assessment of ecosystem services.

The sequence of technical steps in the prepara-
tion of the ecosystem map is shown in Fig. 1. The 
process consisted of the following steps:
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Fig. 1 Technical steps in the process of preparing an ecosystem map (source: Černecký et al. 2019)

1.	 The boundary of non-forest habitats was de-
fined on the basis of LPIS system data (NPPC-
VÚPOP 2018a). LPIS is a spatial information 
system that is the primary source of data on 
agricultural land use. It contains mainly attri-
butes related to crops, but the main added val-
ue of the map is the exact spatial boundary of 
agricultural land mapped at a scale of 1: 5 000.

2.	 Published data from the National Forest Center 
were used as data on the spatial distribution of 
forest ecosystems and added to the collected 
data (NFC 2017). The Forest Geographic Infor-
mation System is a database covering 96% of 
Slovak forests (with the exception of military 
forests and areas not defined as forest stand) 
with attributes defining age, tree composition, 
habitat identification, etc. The level of accuracy 
is a scale of 1:10 000. 

3.	 Watercourses, road and rail infrastructure and 
elements of urban vegetation have been in-
cluded in the map in order to highlight details 
and capture small but important basic ecologi-
cal and artificial elements based on data from 
the Openstreetmap source (Geofabrik 2015).

4.	 Corine Land Cover (CLC 2012) was used as a ba-

sis for the remaining gaps in the ecosystem map 
where more accurate spatial data did not exist.

5.	 Selected attributes on habitats as a basis for 
the identification of ecosystems were taken 
from nature conservation databases. Data on 
the ongoing national monitoring of habitats of 
European importance on permanent monitor-
ing plots were used, from which the necessary 
information on habitats and their quality was 
obtained (KIMS SNC SR, 2017). These attri-
butes are mainly related to the assessment of 
the favorable status of habitats. National habi-
tat categories have been transferred to the EU-
NIS habitat category (Annex 1)

All layers and components were combined into 
one unit and created a coherent polygon map 
of Slovakia. Layer overlap problems have been 
solved by prioritizing more accurate data sets. Un-
desirable properties - very small (less than 10 m2) 
and very thin polygons (width less than 10 m) were 
solved by incorporating them into larger adjacent 
polygons (mainly through the “eliminate” func-
tion). Fig. 2 shows the accuracy of the boundaries 
of the ecosystem map.
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Fig. 2 Demonstration of the accuracy of the ecosystem boundaries in the process of preparing an ecosystem map (source: Čer-
necký et al. 2019)

The accuracy of the final data set is conditioned 
by the spatial accuracy, specifically the input data. 
LPIS data were used for 45.5%, data for forest eco-
systems for 34.9%, CLC data for 19.4% and Open-
streetmap data for 0.2% of the area of Slovakia. 
Based on these data, 80% of the total area of ​​Slo-
vakia in the final map of ecosystems is prepared at 
a scale of 1: 5,000 - 1: 10, 000. For LPIS data, the 
minimum accuracy is defined on the basis of Art. 
70 of EU guideline no. 1306/2013 at a scale of 1: 
5,000. Horizontal absolute accuracy is expressed 
as RMSE (Root Mean Square Error) at 1.25 m (5000 
x 0.25 mm = 1.25 m) or CE95 equivalent (standard 
error at 95% confidence interval) values. For CLC, 
the overall confidence rate is 85% (CLC 2012). For 
forest habitats, the accuracy of mapping is deter-
mined on the basis of a nationally defined stan-
dard at a scale of 1: 10,000.

In order to check the accuracy of the final data 
set (polygon map of ecosystems in Slovakia), a 
compact area with an area of ​​1,169 hectares was 
randomly selected, for which mapping of habitats 
/ ecosystems was carried out directly in the field 
in 2017 - 2018 (Fig. 3).  The mapping method was 
modified by the national standard habitat map-
ping method (Stanová & Valachovič 2002). The 
analysis of ecosystem overlap (EUNIS lvl 3) of the 
selected area of ​​the final data set with ecosystems 
identified by field mapping (Tab. 3) shows 87.7% 
accuracy and 93.45% agreement of the polygon 
boundaries of the resulting ecosystem map (20 
meter buffer was used).
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Fig. 3 Overlay of polygons of identified ecosystems from field mapping with final data set (source: Černecký et al. 2019)

Tab. 3 Overlay data from field mapping (study area) with final data set (source: Černecký et al. 2019)

Ecosystem Studied area (m2) Overlay area (m2) % overlay

C1.3 252 133,53 231 961,27 92,00

C3.2 2 603 490,25 2 519 549,92 96,78

E2.2 42 810,03 0.00 0,00

E3.4 6 095 352,07 6 069 002,35 99,57

E5.4 68 997,90 58 389,14 84,62

G1.1 890 866,05 0.00 0,00

G1.2 1 737 336,63 1 371 504,91 78,94

Total 11 690 986,47 10 250 407,58 87,68

To reduce errors in the resulting data set, the eco-
system classification has been modified based 
on other attributes from the data set to reflect as 
much as possible the actual ecosystem occurring 
at the local level (e.g. based on the composition 
and representation of species in the ecosystem). If 
some habitats could not be identified on the basis 
of available data, they were classified into lower, 
less accurate levels of EUNIS categorization. The 

data processing uses the most accurate currently 
available agricultural data (LPIS) and spatial parts 
of forest ecosystems, which have been refined 
on the basis of LPIS data and cleared off  areas 
where forest boundaries have encroached on ag-
ricultural land. In this way, it is guaranteed that for-
est areas never encroach on non-forest areas with 
spatial data (Fig. 4).
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  Fig. 4 Removing an inappropriate forest boundary (source: Černecký et al. 2019)

ArcGIS version 10.1 was used for all spatial analy-
ses. Standard geoprocessing tools and functions 
were used in the analyses, such as intersect, union, 
erase, merge, dissolve. Some line elements were 
solved through the buffer function (watercourses). 
The most common summary statistics functions 

were used for summaries. The calculation of val-
ues ​​was performed using the field calculator func-
tions. Various data were used in the preparation, 
which required a transformation of the projection. 
The resulting projection is set to S-JTSK Krovak 
east north.

​

2.3	 Assignment of ecosystem services to individual ecosystems and 
determination of the level of their provision 

The capacity of the country (potential supply) and 
the actual flow of the ES create the so-called ES 
supply, which is based on potentials and addition-
al inputs. These inputs are related to the economy 
and represent social, human, financial and pro-
ductive investment assets. (Burkhard et al. 2014).

For a successful ES assessment, it is necessary 
to clearly identify which ES are provided by each 
ecosystem. It is also necessary to express differ-
ences in the amount of potential of ecosystems 
for the provision of the ES, and its supply. For this 
purpose, matrix evaluation and definitions ac-
cording to Burkhard et al. (2012, 2014) were used:

●Evaluation of the potential for providing ES 
(Potential, Capacity) 

○The potential is assessed as an optimal 
and maximalist variant of ES provision 
under ideal conditions and provided that 
all ecosystems are in a favorable condi-

tion and provide the ES in full measure 
and quality. 
○The ES potential is the hypothetical 
maximum yield from selected ES. 

Evaluation of ES stock / production (Supply) 
○ES production refers to the capacity of a 
specific area that provides a specific set 
of ecosystem goods and services over a 
period of time. In this case, the stock re-
fers to the creation of a real set of natural 
resources and services - the used part of 
the capacity. The production in this work 
takes into account the assessment of the 
quality of ecosystems and thus differs 
from the potential.

The expression of the potential value of Slovak 
ecosystems for the provision of services with the 
assignment of relevant ES (Fig. 5) was carried out 
according to the Burkhard matrix of potential ES 
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(“ecosystem service potential matrix”). For the 
purposes of this assessment, the matrix has been 
modified and elaborated in more detail - for all 
habitats in the EUNIS categorization (see Chap-
ter 3.1) - and each habitat is assigned a potential 
index value on a scale of 1 to 5 (low to very high 
contribution) according to the contribution of a 
particular ES. Services and ecosystems that do 
not produce the ES have zero value (0). This is not 
an absolute zero, but a fact that the ecosystems in 
question do not produce a significant amount of 
ES and are therefore insignificant from an evalua-
tion point of view.

When evaluating the supply of Slovak ecosys-
tems for the provision of ES (current production, 
Supply), the qualitative parameter of ecosystems 
was taken into account in comparison with the 
potential capacity, because only non-degraded 
ecosystems are able to provide services in full 
measure. This is a flexible modification of the ma-
trix in Fig. 5, in which the ecosystem quality val-
ues ​​are determined for each polygon and the final 
value of the index is subsequently adjusted on 
this basis. If the given ecosystem is degraded, the 
values ​​deteriorate, and if the ecosystem is without 
degradation, the values ​​in the matrix remain the 
same (more in Chapter 2.5).

Fig. 5 Modified Potential Matrix (Burkhard 2014) from EUNIS level 1 categories to express the potential 
capacity of Slovak ecosystems for ES provision elaborated into more precise habitat categories in EUNIS
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C1.14-Submerged carpets 
of stoneworts in oligotro-
phic waterbodies

1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

C1.2-Permanent meso-
trophic lakes, ponds and 
pools

1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

C1.3-Permanent eutrophic 
lakes, ponds and pools 1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

C1.45-Peatmoss and blad-
derwort communities of 
dystrophic waterbodies

1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

C1-Surface standing 
waters 1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

C2.121-Petrifying springs 
with tufa or travertine 
formations

2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

C2-Surface running 
waters 0 1 0 3 3 3 0 3 0 3 5 0 2 0 0 0 0 0 3 0 4 0 5 0 3 4 4 4 2 3 3

C3.26, D5.21 Reed canary-
grass ([Phalaris]) beds, 
Beds of large [Carex] 
species

2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

C3.4-Species-poor beds 
of low-growing water-
fringing or amphibious 
vegetation

1 3 1 1 0 1 0 1 1 2 2 5 1 2 0 4 0 0 0 0 1 3 0 0 1 1 1 2 0 3 0

C3.53-Euro-Siberian 
annual river mud com-
munities

2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

C3.55221-Carpatho-Alpine 
small-reed river gravel 
communities

2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

C3-Littoral zone of inland 
surface waterbodies 1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

D1.11-Active, relatively 
undamaged raised bogs 5 4 0 4 4 4 2 3 2 3 4 0 2 0 0 0 0 0 0 0 1 2 1 0 0 3 2 3 0 2 4

D1.12-Damaged, inactive 
bogs 5 4 0 4 4 4 2 3 2 3 4 0 2 0 0 0 0 0 0 0 1 2 1 0 0 3 2 3 0 2 4

D1-Raised and blanket 
bogs 5 4 0 4 4 4 2 3 2 3 4 0 2 0 0 0 0 0 0 0 1 2 1 0 0 3 2 3 0 2 4
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D2.2, D2.3 Poor fens and 
soft-water spring mires, 
Transition mires and quak-
ing bogs

2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

D4.1-Rich fens, including 
eutrophic tall-herb fens 
and calcareous flushes 
and soaks

2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

D5.24-Fen beds of great 
fen sedge ([Cladium]) 2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

D6.14-Swards of Carpath-
ian travertine concretions 2 2 0 3 2 4 1 4 1 2 3 0 0 4 2 0 0 0 0 0 1 0 0 0 0 1 2 3 0 2 2

E1.11-Euro-Siberian rock 
debris swards 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1.12-Euro-Siberian 
pioneer calcareous sand 
swards

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1.2211, E1.2932 Pre-Noric 
sub-Pannonic steppes, 
Circum-Pannonic sili-
ceous pale fescue grass-
lands

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1.231-Sub-Pannonic 
meadow-steppes 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1.291-Calci-orophile pale 
fescue grasslands 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1.2C-Pannonic loess 
steppic grassland 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1.2F2-Pannonic open 
sand steppes 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E1-Dry grasslands 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3
E2.1-Permanent mesotro-
phic pastures and after-
math-grazed meadows

2 1 0 1 0 1 1 1 0 2 4 0 1 5 5 0 0 0 0 0 2 0 0 0 5 2 2 2 0 3 1

E2.22-Sub-Atlantic low-
land hay meadows 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E2.31, E4.51 Alpic moun-
tain hay meadows, Subal-
pine yellow oatgrass hay 
meadows

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E2.6-Agriculturally-
improved, re-seeded and 
heavily fertilised grass-
land, including sports 
fields and grass lawns

2 2 2 2 2 2 2 1 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 1 0 2 1

E3.41-Atlantic and sub-
Atlantic humid meadows 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E3.43-Subcontinental 
riverine meadows 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E3.51-Purple moorgrass 
([Molinia]) meadows and 
related communities

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E3-Seasonally wet and 
wet grasslands 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E4.11-Boreo-alpine acido-
cline snow-patch grass-
land and herb habitats

0 1 0 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 2 1 1 3 0 2 1

E4.12-Boreo-alpine calci-
cline snow-patch grass-
land and herb habitats

0 1 0 1 1 1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 2 1 1 3 0 2 1

E4.3171-Western Carpath-
ian mat-grass swards 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E4.34-Alpigenous 
acidophilous grassland 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E4.4-Calcareous alpine 
and subalpine grassland 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E4-Alpine and subalpine 
grasslands 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E5.41-Screens or veils of 
perennial tall herbs lining 
watercourses

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E5.4-Moist or wet tall-
herb and fern fringes and 
meadows

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E5.5514 Carpathian tall 
herb communities 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E5.5-Subalpine moist or 
wet tall-herb and fern 
stands

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E5-Woodland fringes and 
clearings and tall forb 
stands

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

E6.2-Continental inland 
salt steppes 5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3
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E-Grasslands and lands 
dominated by forbs, 
mosses or lichens

5 2 0 1 3 4 5 1 1 1 2 0 1 2 3 0 0 0 0 0 5 1 0 0 2 3 4 5 1 3 3

F2.24-Alpigenic high 
mountain crowberry - 
heather heaths

3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

F2.32-Subalpine and oro-
boreal willow brush 3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

F2.33-Subalpine mixed 
brushes 3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

F2.461-Carpathian subal-
pine mountain pine scrub 3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

F3.16-Common juniper 
scrub 3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

F3.24-Subcontinental and 
continental deciduous 
thickets

3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

F4.2-Dry heaths 3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4
F9.111-Pre-Alpine willow-
tamarisk brush 3 4 0 2 3 3 2 2 2 2 3 0 1 1 1 0 0 2 0 0 2 1 0 0 0 4 4 5 1 2 4

FB.4-Vineyards 1 1 1 1 0 1 1 0 1 1 1 4 1 0 0 0 0 1 0 0 0 0 0 0 0 3 2 3 0 5 0
FB-Shrub plantations 1 1 1 1 0 1 1 0 1 1 1 4 1 0 0 0 0 1 0 0 0 0 0 0 0 3 2 3 0 5 0
G1.111-Middle European 
white willow forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.121-Montane grey alder 
galleries 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.21-Riverine ash - alder 
woodland, wet at high but 
not at low water

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.22-Mixed oak - elm 
- ash woodland of great 
rivers

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.4-Broadleaved swamp 
woodland not on acid 
peat

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.51-Sphagnum birch 
woods 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.61-Medio-European 
acidophilous beech 
forests

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.63-Medio-European 
neutrophile beech forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.65-Medio-European 
subalpine beech woods 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.66-Medio-European 
limestone beech forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.737-Eastern sub-
Mediterranean white oak 
woods

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.76-Balkano-Anatolian 
thermophilous oak forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.7A1-Euro-Siberian 
steppe oak woods 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.81-Atlantic peduncu-
late oak - birch woods 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.87-Medio-European 
acidophilous oak forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.A16-Sub-continental 
oak - hornbeam forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.A41-Medio-European 
ravine forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G1.D-Fruit and nut tree 
orchards 2 2 2 2 1 2 2 2 5 3 2 4 1 0 0 0 2 2 0 0 0 2 0 0 0 3 2 2 0 4 1

G2-Broadleaved ever-
green woodland 2 2 2 2 1 2 2 2 5 3 2 4 1 0 0 0 2 2 0 0 0 2 0 0 0 3 2 2 0 4 1

G3.1B-Alpine and Car-
pathian subalpine spruce 
forests

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3.1C-Inner range mon-
tane spruce forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3.1-Fir and spruce wood-
land 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3.25-Carpathian larch 
and Arolla forests 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3.442-Carpathian relict 
calcicolous Scots pine 
forests

5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3.4-Scots pine woodland 
south of the taiga 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3.E-Nemoral bog conifer 
woodland 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4

G3-Coniferous woodland 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 4
G4-Mixed deciduous and 
coniferous woodland 5 5 5 3 5 5 5 4 4 5 5 0 1 1 0 2 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5

G-Woodland, forest and 
other wooded land 5 5 5 3 5 5 5 4 4 4 4 0 1 1 0 1 5 5 0 0 5 3 0 0 0 5 5 5 3 4 5
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H2.31-Alpine siliceous 
screes 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H2.32-Medio-European 
upland siliceous screes 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H2.44-Carpathian calcare-
ous screes 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H2.61-Peri-Alpine ther-
mophilous screes 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H2-Screes 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1
H3.11-Middle European 
montane siliceous cliffs 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H3.25, H3.42 Alpine and 
sub-mediterranean chas-
mophyte communities, 
Northern wet inland cliffs

0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H3.62-Sparsely vegetated 
weathered rock and out-
crop habitats

0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 3 2 2 1

H5-Miscellaneous inland 
habitats with very sparse 
or no vegetation

1 2 0 5 2 3 0 3 0 3 5 0 1 0 0 0 0 0 4 5 4 0 5 0 1 5 4 4 2 3 3

I1-Arable land and market 
gardens 1 2 1 2 0 1 0 1 1 2 2 5 5 5 0 5 0 0 0 0 1 3 0 0 2 1 1 2 0 3 0

I2.2/P-85.2  Small-scale 
ornamental and domestic 
garden areas/city parks

2 2 2 2 2 2 2 1 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 1 0 2 1

J1.6-Urban and suburban 
construction and demoli-
tion sites

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0

J1.7-High density tempo-
rary residential units 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 3 2 2 1 0

J1-Buildings of cities, 
towns and villages 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 3 2 2 1 0

J2.1-Scattered residential 
buildings 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 3 2 2 2 2 0

J2-Low density buildings 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0
J3-Extractive industrial 
sites 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3 0 0 2 0 1 0

J4.2-Road networks 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
J4.3-Rail networks 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
J4.4-Airport runways and 
aprons 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

J4.5-Hard-surfaced areas 
of ports 0 0 0 0 0 0 3 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 0

J4-Transport networks 
and other constructed 
hard-surfaced areas

0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

J6-Waste deposits 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X07-Intensively-farmed 
crops interspersed with 
strips of natural and/or 
semi-natural vegetation

1 2 1 1 0 1 1 1 2 3 2 4 2 2 1 4 0 1 0 0 1 2 0 0 1 2 2 2 0 3 0

X09-Pasture woods (with 
a tree layer overlying 
pasture)

2 1 0 1 0 1 1 1 0 2 4 0 1 5 5 0 0 0 0 0 2 0 0 0 5 2 2 2 0 3 1

X10-Mosaic landscapes 
with a woodland element 
(bocages)

2 1 0 1 0 1 1 1 0 2 4 0 1 5 5 0 0 0 0 0 2 0 0 0 5 2 2 2 0 3 1

X25-Domestic gardens of 
villages and urban pe-
ripheries

0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 3 2 2 2 2 0

2.4	 Qualitative assessment of ES

In assessing the ES provided, the relationship 
between the quality and quantity of ES provided 
and the state of the ecosystems themselves is 
demonstrated. Maes (2012) demonstrated a clear 
relationship between habitat status and ES pro-
vision as such, and stated that habitats in better 
condition have a higher ability to provide ES in 
higher quality and quantity, while demonstrating 

that ecosystem restoration has a positive impact 
on habitat status. 

On the basis of reporting under Art. 17 of the Habi-
tats Directive submitted by the Member States, it 
can be noted that as regards terrestrial ecosys-
tems in the European Union (EU), the biggest is-
sue for all groups of birds, species and habitats is 
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the agriculture and man-made changes in natural 
conditions. As far as agriculture is concerned - the 
biggest problem is a change in cultivation prac-
tices, excessive or insufficient grazing of cattle, 
including the abandonment of grazing systems, 
or non-grazing. In connection with changes in 
natural conditions, these are changes in hydro-
logical conditions and changes in conditions of 
the water bodies (their functioning) caused by 
man, fragmentation of habitats and abstraction of 
water from groundwater. This statement is in line 
with the assessment under the Water Framework 
Directive, in which agriculture and hydromorphol-
ogy have been identified as the main threats af-
fecting water bodies (State of Nature 2015).

In Slovakia, detailed monitoring of the state of 
habitats and species of European importance at 
more than 10,000 permanent monitoring sites 
- TML - was recently performed in 2013-2015 
(Šefferová Stanová et al. 2015, Janák et al. 2015). 
The results of the monitoring, in which a total of 
more than 300 experts were involved, were used 
for those ecosystems at the local level where 
TMLs are located and their favorable condition 
is evaluated. The condition in the field was as-
sessed according to the methodology of monitor-
ing habitats and species of European importance 
(Saxa et al. 2015). Data from monitoring also serve 
as a basis for generalized evaluation within the re-
port according to Art. 17 of the Habitats Directive. 
The condition was evaluated in three categories, 
favorable (Fabourable - FV), unsatisfactory (Unfa-
vourable - U1) and bad (Bad - U2). The resulting 
status was then assigned to those ecosystems at 
the local level where the monitoring of the status 
of habitats and species of European importance 
was performed and the data were related to indi-
vidual polygons in the ecosystem map.

In the remaining part of the ecosystems, where 
detailed field monitoring was not performed, the 
assessment was performed on the basis of the 
processing of additional data and analyses listed 
below. In forest habitats, the quality and quantity 
of ES provision are mostly influenced by the age 
of the stand and interventions in the form of de-
forestation, and in non-forest areas it is, on the 
contrary, overgrowth and secondary succession.
In order to take into account the above-mentioned 
impacts and threats, an analysis of the overlap of 
the map of ecosystems with deforestation and 
growth of forest, excluding forest woody vegeta-
tion was prepared on the basis of data from Han-
sen et al. (2013). The analysis was performed on 
forest and non-forest ecosystems separately. Han-
sen et al. (2013) processed in detail satellite im-
ages from the territory of Slovakia from the years 

2000 - 2015 and identified the places of increase 
and decrease of trees / bushes  with a specified 
accuracy per raster unit of 25 m. Basically, any sig-
nificant decrease / increase is identified and cap-
tured, even in the case of a relatively small area of ​​
change in the increase / decrease of trees. Based 
on the mentioned data, the data on the increase 
and decrease of the tree layer were recalculated 
and incorporated into the attributes of the layer of 
the ecosystem map and were taken into account 
as another parameter for evaluation, which affects 
the value of ES provision. The data presented in 
the analysis mentioned are in different values ​​of 
increase or decrease, but the difference had to be 
obvious. Nevertheless, it is not possible to deduce 
the quantity of increase / decrease of wood mass. 
It is only an areal expression of the change based 
on analyses performed using satellite images in 
which changes in stands were identified, but not 
the quantity of loss itself; which for evaluation pur-
poses was not even necessary. For forest habitats, 
the basic quality index for ES provision was de-
termined on the basis of the intervention in the 
stand and the age of the stand as follows:

●Deforestation over 50% of the stand area in the 
years 2000 - 2015 = U2 
●Deforestation between 10 - 50% of the stand 
area in the years 2000 - 2015 = U1
●Deforestation below 10% of the stand area or 
no intervention in the years 2000 - 2015 = FV

The age of the stand was taken into account as 
follows:

calamity = U2
0-49 year = U2
50-99 years = U1
●100 and more years = FV

For selected ES in forest ecosystems, the fact of 
the presence of forest roads, which may have an 
impact on the potential to provide regulation of 
natural disasters and erosion, was also taken into 
account.

In the case of non-forest habitats, specifically 
group E - grass-herbaceous habitats in the EU-
NIS categorization, mainly permanent grasslands 
- meadows and pastures - were qualitatively as-
sessed. The biggest identified threat, as deducted 
from monitoring and reporting according to Art. 17 
of the Habitats Directive is gradual overgrowth 
and secondary succession. In case the results of 
direct field monitoring were not available, the fol-
lowing approach was taken into account:

●In the years 2000 - 2015: 100 - 50% of the 
overgrown area = U2
●In the years 2000 – 2015: 50- 10 % of the over-
grown area = U1
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●In the years 2000 – 2015: 10 – 0 % of the over-
grown area = FV

For the remaining ecosystems (this is only a mi-
nority of the total set of ecosystems, e.g. some 
aquatic ecosystems) for which no local assess-
ment was available, assessment data for the re-
porting under Article 17 of the Habitats Directive 
for the period 2007-2012 (Černecký et al 2014) 
were used, which assesses the status of habitats 
at the level of the biogeographical region and 
contains various qualitative data that are usable in 
ES assessment, eventhough  not at the local level, 
but only at the national level.

For aquatic habitats, the evaluation from the mon-
itoring of habitats of European importance at the 
local level was used (Šefferová Stanová et al. 2015), 
especially data from the Water Framework Direc-
tive reporting were processed. Specifically, eco-
logical status of waters in  the years 2009-2012, 
where from data for the assessment of the quality 
of individual aquatic ecosystems was transferred. 
Spatial identification was an issue, as the spatial 
representation of waters was highly inaccurate in 
the Water Framework Directive reporting. There-
fore, more precise watercourse boundaries had 
to be identified in the ecosystem map and subse-
quently assigned the assessment attributes from 
the Water Framework Reporting. Attributes on the 
overall ecological status of waters by streams and 
reservoirs were used on a scale of 1 - 5 (1 very good 
status - 5 poor status) and subsequently converted 
to a three-point scale for uniformity of ecosystem 

status assessment as follows: 1 and 2 - favorable 
status (FV ), 3 - unfavorable inadequate condition 
(U1), 4 and 5 - unfavorable bad  condition (U2).

Another parameter prepared was the average 
slope. It was processed on the basis of the digi-
tal terrain model (DTM) of Slovakia (GISAT 2007). 
A slope raster (Fig. 6) was created from the ras-
ter base in ArcGIS using the slope function (Fig. 
6), then it was converted into a vector form and 
the data were converted as an attribute (average 
slope of a given polygon) into an ecosystem map. 
Slope plays an important role in the ES, such as 
erosion control, natural disaster control and more.

Soil fertility is an important factor influencing 
mainly provision ES focused on the cultivation of 
crops, biomass, livestock feed, etc. To differentiate 
the potential and supply of these ES, we took into 
account the processed digital map of soil fertility 
(Lieskovský 2017). Based on the fertility percent-
age of the soil, the individual polygons “I0 - arable 
land” in the ecosystem map were classified into 
three categories:

●0-33,33 – less fertile soil  – U2
●33,33 – 66,66 – average fertile soil – U1
●66,66 – 100 – highly fertile soil  - FV

Based on the above categories, the supply ES val-
ues ​​for each polygon were adjusted. In case there 
was an average fertile soil in the given polygon, 
the value was reduced by one point. If there was a 
less fertile soil in the given polygon, then the val-
ue of the ES provisioning index was reduced by 2 
points for the individual evaluation.

  Fig. 6 Produced slope map in Slovakia based on DTM
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Summary of the indexing method (Tab. 4): The 
qualitative assessment for all categories of eco-
systems was reflected in the basic geodatabase 
of the ecosystem map and served as a basis for 
refining the assessment of the ES themselves. If 
the quality rating was set in the FV category, the 

basic index remained unchanged. If the value was 
U1, then one index point was deducted and if the 
final rating was U2, then two index points were 
deducted. The result could not go into negative in 
order to avoid misinterpretation of the data.

  Tab. 4 Overview of qualitative parameters and their effect on the final evaluation of the ES

Basic ecosystems
Basic quality parameters for 

ES evaluation

Retaining the 
original index 

value (FV)

Subtraction of 
one index point 

(U1)

Subtraction of 
two index points 

(U2)

Non-forest habitats Secondary succession 0-10 % 10-50 % Above 50 %

Forest habitats

Interventions in the stands 0-10 % 10-50 % Above 50 %

Age of the satnds
100 years and 

older 
50 – 100 years Up to 50 years 

Aquatic habitats Ecological status of waters Level 1 and 2 Level 3 Level 4 and 5

Arable land Soil fertility 66,66 – 100 % 33,33 – 66,66 % 0-33,33 %

Habitats on perma-
nent monitoring sites

Assessment of favorable state 
at the monitoring site

Favourable Unfavourable Bad

Other habitats for 
which no other data 
existed

Assessment of the favorable 
state at the level of the bioregion 
in the reporting according to Art. 

17 of the Habitats Directive

Favourable Unfavourable Bad

​2.5	 Valuation procedure for individual ecosystem services (Quantitative 
assessment of ES)

Based on a comprehensive nationwide map of 
ecosystems and the subsequent assignment of 
relevant ES and their potential and production on 
a scale of 0 to 5, it is possible to assign values ​​ex-
pressed in EUR/ha/year to each ecosystem. Ac-
cording to the area of ​​individual ecosystems, it is 
possible to recalculate unambiguously for each 
polygon the monetary value of individual ES, as 
well as to determine the total value of ES (for all 
ecosystems together). Most ES have been valued 
using the value transfer method (Liu et al. 2010, 
Wilson & Hoehn 2006). The transfer of values ​​is a 
procedure that uses the findings of existing stud-
ies (from other territories) and applies them in a 
new context.

As part of the project “TD010066 Integrated As-
sessment of Ecosystem Services in the Czech 
Republic”, the Czech Republic has developed a 
comprehensive database that contains a total 
of 121 data on the economic value of the ES and 

published an overview of basic values ​​(Frélichová 
et al. 2014). The meta-analysis of data performed 
in the Czech Republic on the ES value was the 
collection of all relevant published data, especial-
ly in the European environment (more than 90%) 
and thus provides a relatively comprehensive 
picture of average values ​​provided by the ES on 
a global scale expressed in EUR / ha / year. It 
should be noted that at the time of preparation of 
the documents, no other comprehensive and ap-
propriate valuation of individual ES obtained by a 
uniform approach existed, and it is for this reason 
that these values ​​were used. The work of Czech 
experts was published in 2014 and it is therefore 
necessary to always take into account the fact of 
inflation in the range of 3-5% for each subsequent 
year in addition to the resulting amounts. Thus, 
the average values ​​expressed in EUR/ha of area 
are based on the robust basis of the collected 
data (Tab. 5) and these were used as a basis for 
the economic evaluation of the ES in Slovakia.
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Tab. 5 Overview of used economic values of ecosystem services (EUR/hectares/year) (source: Fréli-
chová et al. 2014 own processing)

Category of the service Ecosystem service Average value (EUR/ha/year)

Supply

Biomass production 421,39

Fish production 107,54

Game production 9,91

Non-forest products 57,23

Timber production 6912,09

Water production 32,43

Regulatory

Air quality regulation 266,33

Climate regulation 4015,78

Disaster regulation 8456,19

Erosion regulation 5766,57

Nutrient regulation 200,10

Pest control 7,31

Pollination 1378,76

Water outflow regulation 1373,14

Water quality regulation 1210,67

Cultural
Aesthetic value 5971,94

Recreation 2190,52

The average values ​​in EUR (Frélichová et al. 2014), 
which were used in the evaluation, corresponded 
to the level, in our case on a scale / value, of “3” as 
the average value of the service provided to the 
given ecosystem. Average values ​​in EUR were in-
creased by 1/3 for one index point in case of ES 
provision to given ecosystems at level “4” and “5” 
and decreased by 1/3 for one index point at level 
“1” and “2”. Ecosystems that provide the ES to a 
significant extent with an index above the level “3“ 
had the values ​​increased by 1/3 in the case of in-
dex “4“ and by up to 2/3 of the average value per 
hectare in the case of index value “5“. Conversely, 
in case of ecosystems that provide a given ES in 
value “2“, these values ​​have been reduced by 1/3 
and in the case of index value “1“ by 2/3.

For services related to plant, animal provision 
(crops) and fiber - fiber (wood only), the national 
market price was used for the valuation of ser-
vices, as these data were not presented in the 
work of Frélichová et al. (2014). Market prices are 
a simple and direct way of evaluating goods and 
services according to currently valid price lists.

The following calculation was used to calculate 
crop production in EUR/ha:

➔current production and sales of agricultural 
production in EUR / ha of agricultural land - 
crop production = 391.75, - EUR

The following calculation was used to calculate 
livestock production in EUR/ha:

➔current production and sales of agricultural 
production in EUR/ha of agricultural land - ani-
mal production = 472,36, - EUR

The following calculation was used to calculate 
the fiber production in EUR/ha:

➔50.40 EUR (price list Lesy SR in 2018) * 241 m3 
(average number per 1 ha based on forestry 
statistics) = 12,050 EUR / ha

The following calculation was used to calculate 
firewood production in EUR/ha:

➔50.40 EUR (price list price Lesy SR in 2018) * 
241 m3 (average number per 1 ha based on for-
estry statistics) = 12,050 EUR / ha

The amounts were again adjusted for the value of 
the index, increased or decreased by 1/3 for each 
index point different from the average value of in-
dex 3, which was 100%, and thus at 3 the average 
values ​​just given were used.

A modified production matrix (Burkhard et al. 2014) 
with assigned values ​​in EUR / ha, which combines 
the average ES values ​​according to Frélichova et 
al. (2014) is given in Annex 2 and Annex 3. 

Based on the above conversions of average 
amounts to indices, it was possible to calculate 
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the maximum unit value of a given ES in financial 
terms. This value represents the average price per 
hectare increased by 2/3 according to the rules 
mentioned above and is the maximum value that 
the ES can reach for an index of 5.

Individual values ​​in EUR for polygons were al-

ways related on the basis of acreage through the 
following recalculation:

➔((maximum unit value of the given ES in EUR/5) 
* ES index in the given polygon for potential or 
supply)) * area in ha = total ES value in EUR for 
the given polygon/year for potential or supply

2.6	 Summary assessment of individual services 

Within the summary assessment, absolute and 
relative values ​​were determined for 2 indicators 
- potential and supply; and their comparison was 
made in tabular and graphical form (Chapter 3). 
Each major group of ecosystems had the average 
values ​​of the index determined independently of 
each other, and the summary average index was 
calculated on the basis of a weighted average 
according to the acreage of the individual eco-
systems. Monetary values ​​were calculated for all 
ecosystems together and also for the categories 
- potential and supply. Subsequently, the results 
for the ES groups, namely regulatory, provisioning 
and cultural, were evaluated. During this evalua-
tion, summary maps of all ES in a given category 

were prepared in such a way that the values ​​of the 
indices were again averaged and as a result gave 
the value of the given ES group. Monetary values ​​
were calculated for regulatory, provisioning and 
cultural services, for each group separately. The 
results were again divided into categories for po-
tential, supply and balance in tabular and graphi-
cal form. Summary evaluation for all services was 
not performed because the so-called “trade-off” 
effect would play an important role, especially in 
case of summarizing regulatory and cultural ES 
vs. provisioning services. Only the total monetary 
value of all ES together was calculated without 
taking into account the “trade-off” effect.
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3​	 Results

​3.1​	 Classification of ecosystems in Slovakia and their representation
 
The resulting map of ecosystems in Slovakia 
represents a complex spatial geodatabase with 
identified ecosystems for the entire territory of 
the state. The map of Slovakia’s ecosystems con-
tains 1,033,905 unique polygons, with an aver-
age size of 4.9 hectares. Examples from the map 
of ecosystems according to the regions of Slova-
kia are shown in Fig. 7. The smallest polygon has 
a size of 0.00001 hectare and the largest 2,839 
hectares - it is a large continuous body of water 
with one type of ecosystem (water dam). The size 

of polygons depends on the type of ecosystems. 
The most accurate data available were used to 
define the boundaries of individual ecosystems 
and landscape features. By combining a number 
of data sources, it was possible to examine the ex-
tent to which Slovak ecosystems can be assigned 
to different levels of EUNIS habitat classification 
(Tab. 6). Most of the map (more than 600,000 
polygons) can be distinguished at EUNIS level 4 
(45 different habitat types) and higher.

Tab. 6 Number of different habitat types at different levels of EUNIS (source: Černecký et al. 2019)

Classification of habitat (EUNIS) Number of types of ecosystems Area (km2) % from the area of Slovakia

1 2 35.01 0.07

2 20 18,132.20 36.98

3 30 7,648.28 15.6

4 45 18,619.83 37.97

5 13 4,161.59 8.49

6 3 417.78 0.85

7 1 20.93 0.04

Spolu 114 49,035.62 100

Fig. 7 Map of ecosystems of the Bratislava region – EUNIS level 3 – codes of habitats in annex 1 (source: Černecký et al. 2019)
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The final map of Slovakia’s ecosystems contains 
different levels of EUNIS ecosystems classifica
tion and their accuracy. The map in Fig. 7 is figured 
at EUNIS level 3, supplemented by EUNIS level 2 
in places where it was not possible to obtain more 
detailed data on habitat identification, thus filling 
in the blanks in the final map. The map is available 
online at http://maps.sopsr.sk/wms-ekosystemy
?request=getCapabilities.

EUNIS level 1 – an overview
The largest ecosystem in Slovakia, from the EU-
NIS 1 classification point of view, are Woodland, 
forest and other wooded land with a total area 
of ​​1,853,076.26 hectares (all “G” categories of the 
EUNIS) and a share of 38 % of the total area of ​​

Slovakia. A large part of the territory of Slovakia 
is covered by non-forest habitats with an area of ​​
1,222,864.80 hectares (“C, D, E, F, H” of the EUNIS 
category). Regularly or recently cultivated agricul-
tural, horticultural and domestic habitats (includ-
ing gardens, vineyards, etc.) occupy 1,402,798.33 
hectares of Slovakia (“I” category EUNIS). Habitat 
complexes (“X” category EUNIS) cover 112,427.74 
hectares of Slovakia. The area of Constructed, 
industrial and other artificial habitats takes up 
303,102 hectares (“J” category EUNIS). The rarer 
Mires, bogs and fens cover only 0.43% of Slovakia. 
An overview of all habitat categories at the EUNIS 
1 level, including their frequency, area and per-
centage from the territory of Slovakia is shown in 
Tab. 7. 

Tab. 7  Overview of habitat categories at EUNIS 1 level including their frequency, area and percentage 
from the territory of Slovakia (source: Černecký et al. 2019)

EUNIS level 1 classification
Number of poly-

gons
Area (hectares)

% from the area of 
Slovakia

C – Inland surface waters 12,601 68,262.75 1.39

D – Mires, bogs and fens 2,110 20,955.13 0.43

E – Grasslands and lands dominated by forbs, moss-
es or lichens

137,671 1,031,933.78 21.06

F – Heathland, scrub and tundra 5,889 101,565.17 2.07

G – Woodland, forest and other wooded land 787,208 1,853,076.26 37.82

H – Inland unvegetated or sparsely vegetated habi-
tats

388 5,931.97 0.12

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

58,088 1,402,798.03 28.63

J – Constructed, industrial and other artificial habitats 3,970 303,102.41 6.19

X – Habitat complexes 25,980 112,435.44 2.29

Overall 1,033,905 4,900,060.94 100

EUNIS level 4 – an overview
From the point of view of individual EUNIS lev-
els with an accuracy similar to the Catalogue of 
Habitats of Slovakia (Stanová et al. 2002), the 
most suitable level is 4. At this level of classifica-
tion, the most widespread type of forest ecosys-
tems is the Medio-European neutrophil beech 
forests (G1.63) and the most widespread type of 
non-forest habitats is the Sub-Atlantic lowland 
hay meadows (E2.22). The rarest types of ecosys-
tems are Fen beds of great fen sedge (Cladium) 
(D5.24) - a total of 6 polygons, Submerged carpets 

of stonewort in oligotrophic waterbodies - a total 
of 12 polygons and Damaged, inactive bogs - 14 
polygons. Other rare habitats related to sands, 
peatlands, mountain and xerothermic habitats 
have also been identified. Several rocky habitats 
have been identified with a relatively small rep-
resentation and small area, however, there there 
is rather a lack of data in this case, as t the rocky 
habitats have not been sufficiently mapped to 
date and other data sources do not contain infor-
mation on this type of ecosystem.

http://maps.sopsr.sk/wms-ekosystemy?request=getCapabilities
http://maps.sopsr.sk/wms-ekosystemy?request=getCapabilities
https://eunis.eea.europa.eu/habitats/1077
https://eunis.eea.europa.eu/habitats/1077
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​3.2	 The quality of ecosystems and the relationship to the provision 
of ecosystem services

The quality of ecosystems and their relationship 
to the quality of ES provision is evident. The meth-
odological procedure for assessing the quality of 
ecosystems is described in Chapter 2.4. The re-
sults are important in order to refine the ES as-
sessment and to distinguish between potential 
capacity of ecosystems to provide ES and the ac-
tual ES stocks. The current trend is rather negative 
in terms of the quality of ecosystems, there is a 
uniformization of land management, the extinc-
tion or transformation of ecosystems into degrad-
ed areas in many places takes place constantly. 
Constant processes of secondary succession, 
low age of stands, intensive interventions in forest 
stands, calamities, degradation of arable land fer-
tility, deterioration of habitats and species living in 
Slovakia, unfavourable ecological status of waters 
- these are all factors that significantly affect the 
quality of ES for man himself in a negative sense.

Non-forest habitats undergo changes over time.  
An increase in twoody species and shrubbery 
on an area of 68,809.70 ha has been identified in 
ecosystems that are not part of the forest land 
from 2000 to 2015, based on the analysis using 
data from Hansen et al. (2013). In the same period, 
however, there was a loss of trees and shrubbery 
in non-forest habitats on an area of 149,504.95 ha. 
It should be noted that although secondary suc-
cession has declined, these are mostly larger ar-
eas that are uniformly managed and areas impor-
tant for biodiversity conservation remain under 
secondary succession pressure. As an example, 
peatlands and moors are very important in terms 

of providing ES such as global climate regula-
tion, local climate regulation, regulation of water 
regime and many others, however, an interest in 
their management is insufficient and they gradu-
ally overgrow in many places and subsequently 
disappear.

Forest habitats (EUNIS “G”) show an increase in 
woody species on an area of 45,882.02 ha and a 
decrease in the area of 190,612.53 ha during the 
time period 2000 - 2015. In terms of areal ex-
pression it is evident that the increase during the 
mentioned period was significantly less than the 
area loss of woody species. An important role 
in these values were also played by calamities, 
which significantly contributed to the loss of the 
area continuously covered with woody species. In 
any case, in areas where older trees are missing, 
the quality of ES provided is also fundamentally 
affected and these facts must be taken into ac-
count in ES assessment.

The results of analysis described in Chapter 2.6 
can be summarized in the statement that the 
quality of 40% of Slovakia’s ecosystems is fa-
vourable (FV), 21% unfavourable - inadequate 
(U1) and 39% unfavourable - bad (U2) as seen in 
Fig. 8. In this case, it is a comprehensive analysis, 
which included data from field monitoring, as well 
as the data mentioned above, based on which the 
quality was determined for all ecosystems in Slo-
vakia - each of the 1,033,905 polygons has a de-
termined individual quality.

FV
40%

U1
21%

U2
39%

FV U1 U2

Fig. 8 Quality of Slovakia ecosystems
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In terms of spatial distribution, the worst quality 
of ecosystems is accumulated in the west and 
east of southern Slovakia, it is mainly built-up ar-
eas and arable land (Fig. 9). The rest of Slovakia 
represents differently distributed types of ecosys-
tems in different condition and thus provide dif-
ferent ES quality. There are significant interven-
tions in forest ecosystems, calamitous areas are 
evident, in the case of non-forest habitats these 
are grassland-herb habitats that overgrow, in the 
case of aquatic ecosystems many parts of water-
courses are degraded. All these factors signifi-

cantly affect the quality of ES provided in a nega-
tive way, especially when it comes to regulatory 
and cultural ES. Arable land is defined separately 
because it is a heavily altered ecosystem and, in 
terms of regulatory and cultural ES provision, it is 
a category that is not as important as those eco-
systems that are more natural and more linked to 
the biodiversity factor. Nevertheless, as a result, 
the quality of arable land was taken into account 
in the form specified in the methodological part, 
i.e. especially with regard to soil fertility.

Fig. 9 Map of current qualitative status of Slovak ecosystem

​3.3	 Ecosystem services assessment

​3.3.1	 Regulatory ecosystem services

​3.3.1.1	 Global climate regulation

Global climate regulation is an important ES, in 
which plants, algae, soil and sediments play the 
greatest role as well as their ability to absorb car-
bon dioxide through the sequestration process. 
Unlike local climate regulation, this ES is also pro-
vided by local ecosystems, but it is only important 
to talk about it at the regional or national level. 
This is so because the synergies at the national 
level are stronger than regulation at the local lev-
el, where the locality is directly dependent on its 
immediate environment and thus, at the national 

level, the importance of global climate regulation 
grows. Global climate regulation helps mitigate 
the effects of climate change.

Natural forest ecosystems and wetland ecosys-
tems maintain suitable atmospheric conditions for 
life on Earth and regulate the climate at a global 
level (Maes et al. 2015). The European Biodiversity 
Information System (IPBES 2018) identifies global 
climate regulation as one of the most important 
ES at global and European level.
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Thus, the ongoing natural processes (carbon se-
questration, maintenance of suitable atmospheric 
conditions, etc.) are irreplaceable in maintaining a 
stable climate at national and international level. 
Evaluation of ES global climate regulation is a 
necessary basis for setting sustainable land use. 
By evaluating global climate regulation, we get a 
comprehensive picture of the extent to which the 
Slovakia contributes to mitigating the impact of 
climate change from a global perspective.

Results of the evaluation of global climate reg-
ulation service
The total monetary value of the potential for pro-
vision of global climate regulation in Slovakia is 
approximately 21,835,942,003 EUR per year (Tab. 
8). The service index value of potential would be 
3.25 index point (on a scale of 1-5) if, ideally, all 
ecosystems were in a favourable state. The sup-
ply index is set at 2.83, which is 0.42 points less 
than the potential. After taking into account the 

quality of ecosystems, the monetary value of sup-
ply of global climate regulation service is reduced 
to 19,474,174,936 EUR per year, which means that 
due to the degradation of some ecosystems, Slo-
vaks lose 2 billion EUR per year in this one service 
specifically. In terms of potential for provision of 
this service, forest and non-forest ecosystems 
are important (green colours in Tab. 8 ). In terms 
of area -quality ratio, the most important habitats 
are G1.63 Medio-European neutrophile beech 
forests and E2.22 Sub-Atlantic lowland hay 
meadows. In terms of the quality of the provision 
of global climate regulation, peatlands are very 
important, but their area is very small in order to 
fundamentally affect the overall values at the na-
tional level, however, the need for their protection 
is all the greater. In total, 90 habitats contribut to 
the potential provision of global climate regula-
tion service (with an index higher than 1) on an 
area of 4,668,753.1 ha/46,687.531 km2.

Tab. 8 Indexes and values of potential and supply in relation to the ES provision of global climate 
regulation divided according to the EUNIS 1 level

GLOBAL CLIMATE REGULATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index

average
Value in EUR

Index
average

Value in EUR

C – Inland surface waters 0.27 104,625,459 0.25 96,152,855

D – Mires, bogs and fens 2.13 62,659,500 2.00 60,686,115

E – Grasslands and lands dominated by forbs, mosses 
or lichens

4.71 6,500,372,369 4.66 6,446,978,293

F – Heathland, scrub and tundra 1.78 197,137,790 1.74 195,282,596

G – Woodland, forest and other wooded land 4.99 12,876,396,746 3.92 10,580,324,938

H – Inland unvegetated or sparsely vegetated habitats 0 155 0 155

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.03 1,866,192,149 1.03 1,866,192,149

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 1.08 228,557,834 1.08 228,557,834

Total: Weighted average over ecosystem area/Total 
value in EUR

3.25 21,835,942,003 2.83 19,474,174,936

In the map of the supply of global climate regula-
tion (Fig. 11)  it is evident, that in contrast to the 
potential in Fig. 10, there are many more polygons 
with an average provision value, because the sup-
ply map also takes into account the qualitative as-
sessment of ecosystems. In order to restore eco-
systems and improve the quality of ES, it would 
be necessary to improve the ecological status of 
watercourses, reduce the size and intensity of for-
est interventions, increase the age of trees (e.g. by 

increasing harvest time) and fundamentally pro-
tect peatlands and wetlands where they are al-
ready protected and try to revitalize wetlands in 
places where they had perished, as their size is 
extremely small in relation to other ecosystems.

The resulting assessment maps for individual ES 
can be used at national and regional level, to a 
limited extent in local spatial planning (would re-
quire a refinement).
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Fig. 10  Map of potential for provision ES global climate regulation

Fig. 11  Map of supply of ES global climate regulation in relation to the conservation status of ecosystems
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​3.3.1.2	 Local climate regulation

Regulation of micro- and meso-climatic condi-
tions is an important part of ecological balance of 
the landscape at the local level. From a local per-
spective, it is important that, in addition to the na-
tional benefits of global climate regulation, lower-
level environmental regulation processes work 
sufficiently, especially in individual populations, 
cities and municipalities. In this respect, the big-
gest role is played by ecosystems that are in the 
immediate vicinity of towns and villages where 
people live a large part of their lives. It should be 
noted that ES local climate regulation is provided 
mainly by forest and non-forest ecosystemt. Po-
tentially, also an agricultural land can provide this 
service, however, at a lower intensity.

In cities and their surroundings, woody vegeta-
tion or urban forests provide shade during hot 
summer days and cool down the environment 
with evapotranspiration, thus bringing benefits in 
terms of saved energy costs or reduced ozone 
production (Burkhard & Maes 2017). Local climate 
regulation can be summarized as the ability of 
ecosystems to regulate temperature, evapotrans-
piration, shadow, incident sunlight, wind, precipi-
tation, imissions, dust and noise at the local level 
(Mederly, Černecký et al. 2019).

Results of the evaluation of local climate regu-
lation service
The highest total value of the index for local cli-

mate regulation service is at the level of its  po-
tential - 2.97. The total monetary value of the 
potential of ecosystems to provide local climate 
regulation service is 19,918,428,632 EUR per year 
(Tab. 9). When comparing the economic value of 
the potential and the supply, the condition of indi-
vidual ecosystems was revealed in the difference 
of 0.8 index point, which represents an annual loss 
of 2.7 billion EUR due to degraded ecosystems.

In terms of quality, the best habitats that provide 
ES local climate regulation are G3.442 Carpathian 
relict calcicolous Scots pine forests, but only on 
an area of ​​1,789 ha. Unequivocally stated, the habi-
tat G3.442 is reasonably protected in many places, 
but from a national point of view it has only a local 
occurrence. In terms of quantity, the most impor-
tant habitats are G1.63 Medio-European neutro-
phile beech forests, which are basically one of 
the most common forest habitats occurring in Slo-
vakia, but also the most important for maintaining 
the quantity of this ES. From among the non-forest 
habitats, the most important are E2.22 Sub-Atlan-
tic lowland hay meadows. From the overall point 
of view of the potential, local climate regulation 
service is provided by 93 different habitats in Slo-
vakia on an area of ​​4,689,830.687 ha/46,898.31 
km2, although in many places to a very small ex-
tent. The service is not provided at all (or only to 
a very limited extent) by 21 habitats in total on an 
area of ​​310,230 ha.

Tab. 9  Indexes and values of potential and supply in relation to the ES provision of local climate 
regulation divided according to the EUNIS 1 level

LOCAL CLIMATE REGULATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 1.18 163,585,598 1.07 145,707,303 

D – Mires, bogs and fens 2.09 60,473,273 1.94 58,308,046 

E – Grasslands and lands dominated by forbs, mosses 
or lichens

1.91 2,643,346,151 1.86 2,589,855,677 

F – Heathland, scrub and tundra 2.17 230,990,155 2.13 229,096,065 

G – Woodland, forest and other wooded land 4.99 12,876,396,746 3.92 10,580,313,989 

H – Inland unvegetated or sparsely vegetated habitats 0.01 310 0.01 310

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

2 3,725,511,752 2 3,725,511,752 

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 1.83 218,124,647 1.83 218,124,647 

Total: Weighted average over ecosystem area/Total 
value in EUR

2.97 19,918,428,632 2.56 17,546,917,790 
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By comparing the potential and supply maps in 
Fig. 12 and Fig. 13, forest ecosystems clearly dom-
inate, especially in terms of quantity.

The central part of Slovakia has the largest share 
of provision from the geographical point of view, 
the western part and the southern part of east-
ern Slovakia have larger areas of arable land and 
built-up areas, so they do not provide ES to such 
a high extent. In these parts of Slovakia, water-
courses and overall aquatic ecosystems are im-
portant within the existing ecosystems. Among 

forest ecosystems, the localities of Malé Karpaty 
muntains and Slanské vrchy mountains are of 
key importance for these parts of Slovakia due to 
the more coherent provision of this ES on a large 
scale.
It is important that ES local climate regulation is 
taken into account in spatial planning, as  the pro-
tection of individual inhabited parts of Slovakia 
from weather extremes depends on it and creates 
suitable climatic conditions for life. The results 
clearly show that the highest demand for this ser-
vice is in larger cities and towns.

Fig. 12 Map of potential for provision ES local climate regulation
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  Fig. 13  Map of supply of ES local climate regulation  in relation to the quality of ecosystems

​3.3.1.3	 Air quality regulation

Air quality regulation is an important ES provided 
by ecosystems in terms of human well-being and, 
above all, the health of the human population. 
Ecosystems and the processes that are linked to 
them ensure the production of oxygen, but also 
the mitigation and absorption of harmful sub-
stances in the air and thus provide an irreplace-
able service for people in the form of cleaner and 
higher quality air. The number of respiratory dis-
eases and premature deaths caused by poor air 
quality is constantly growing, and it is all the more 
necessary to emphasize the role of ecosystems, 
which have long served us in favour of mitigat-
ing the impact of air pollution. Their function is ir-
replaceable and the value of the service is quite 
morally and also economically valued, e.g. also 
through emission allowances and trading. It can 
be stated that the trading of emission allowances 
is simply a payment for preclusion of the provi-
sion of this ES. In addition, the funds thus obtained 
have no direct link to the creation/improvement 
of the quality of the ecosystem and are revenue of 
the state budget, which uses these funds for vari-
ous purposes. Nevertheless, the connection of 
this topic with the ecosystems is very sporadic, in 
most cases ecosystems are not even mentioned.

The exchange of trace elements and particles be-

tween ecosystems and the atmosphere means 
that ecosystems can be a source of air pollutants 
(or their precursors), but can also have a positive 
effect on air quality through the capture, storage 
and disposal of pollutants such as air pollutants 
e.g. industrial emissions - sulphur compounds 
(Fowler et al. 2019, Preston et al. 2017). Deposition 
of atmospheric pollutants in soil and vegetation 
can significantly reduce their concentration in the 
air (Fowler et al. 2019) and thus reduce adverse ef-
fects on human health and other ES (RoTAP 2012). 
In summary, ES air quality regulation is a regula-
tory  service that affects atmospheric concentra-
tions of air pollutants and their storage in the land-
scape and water (Mederly, Černecký et al. 2019).

Results of the evaluation of air quality regula-
tion service
From the national point of view, the calculated po-
tential value of air quality regulation service is at 
the level of the index 2.22 and supply at the level 
of 1.81 (Tab. 10). This results in a loss in the index of 
0.41 points due to the degradation of ecosystems 
in Slovakia, which in financial terms represents an 
annual loss of 152 million EUR. The highest value 
of the average index is achieved by forest ecosys-
tems, up to 4.99 index point and they also con-
tribute the most to the overall economic value of 
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potential for provision of air quality regulation by 
989,566,021 EUR per year.

In terms of the quality of provision of local climate 
regulation, habitat  G3.442 Carpathian relict cal-
cicolous Scots pine forests is important,  but is 
only a local and takes up only a small area (353 
localities). A similar case is the habitat G1.A41 
Medio-European ravine forests, which occurs 
more frequently (13 936 localities). Since both are 

often difficult to access and interventions in them 
are not as frequent as in other stands, the results 
confirm that the quality of ES provision is higher 
compared to other forest habitats. Orchards (G1.D 
Fruit and nut tree orchards), urban parks and their 
vegetation (I2.2/P85.2 Small-scale ornamental 
and domestic garden areas/city parks) can be 
mentioned from toher types of habitats produc-
ing this ES in higher quality. 

Tab. 10 Indexes and values of potential and supply in relation to the ES provision of air quality regulation 
divided according to the EUNIS 1 level

LOCAL CLIMATE REGULATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.02 222,273 0.02 210,134

D – Mires, bogs and fens 0 0 0 0

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 680,009 0 678,179

F – Heathland, scrub and tundra 0.61 6,338,943 0.61 6,336,364

G – Woodland, forest and other wooded land 4.99 853,966,922 3.92 701,689,948

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.03 123,766,485 1.03 123,766,485

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0.86 4,591,389 0.86 4,591,389

Total: Weighted average over ecosystem area/Total 
value in EUR

2.22 989,566,021 1.81 837,272,500

In terms of quality, it is necessary to state that for-
est habitats clearly dominate in provision of air 
quality regulation service. However, arable land 
provides this ES in the highest level in terms of 
quantity (on the largest area), but only with an in-
dex 1, which is relatively insignificant. The second 
largest habitat that provides the air quality service 
is G1.63 Medio-European neutrophile beech for-
ests with an area of ​​1,015,599 ha and with the 3.9 
value of supply of quality index, which is clearly 
the most important habitat in Slovakia in case 
of air quality regulation service. In total, air qual-
ity regulation service is provided (potential) by 36 
different habitats on an area of ​​3,474,108.975 ha 
/ 34,741.89 km2.

Looking at the distribution of Slovakia´s habitats 

that provide air quality regulation service (Fig. 14) it 
is evident that in terms of the quantity, arable land 
(with a very low index) dominates, while in terms 
of quality forest ecosystems are more important. 
The calculated value of potential provision of this 
service is approximately 7 times higher in forests 
compared to the arable land (Tab. 10). The provi-
sion of air quality regulation service is evenly dis-
tributed throughout Slovakia (Fig. 15), the best are 
areas with a higher density of forest ecosystems. 
The western part of Slovakia provides this service 
in lower quality, built-up areas are also very poor 
and limited by city parks and other urban veg-
etation, in many places insufficiently and thus its 
inhabitants suffer from a lack of this service (air 
pollution), which causes people significant health 
risks and problems. 
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Fig. 14 Map of potential for provision ES air quality regulation

Fig. 15  Map of supply of ES air quality regulation in relation to the conservation status of ecosystems
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3.3.1.4	 Water flow regulation

Regulation of water flows in nature is a basic pre-
requisite for the right functioning of ecosystems as 
such. All ecosystems/habitats are dependent on 
water. Even xerothermic habitat needs the supply 
of water at a right time in order to survive and pro-
vide ES from which humans subsequently benefit. 
Disruption of the water cycle in nature often leads 
to extreme phenomena such as excessive rainfall 
closely linked to floods. The opposite extreme is 
drought, which threatens people directly and indi-
rectly through e.g. degradation of food resources, 
but also ecosystems themselves, which subse-
quently does not provide services in full rate and 
thus again adversely affects humans. Ecosystems 
and their favourable condition are essential to en-
sure the proper functioning of the water cycle. It is 
necessary to be aware of the importance of pro-
tection of natural as well as semi-natural ecosys-
tems/habitats and ensuring their favourable con-
dition. On the other hand, not only rare habitats, 
but also man-modified or man-made, as well as 
large-scale habitats are important for provision of 
this service (as many others ES produced for hu-
man consumption), even if in lower quality of pro-
vision than natural and non-degraded habitats.

Water pollution, over-consumption and artificial 
treatment of natural water bodies are among the 
main threats to freshwater pollution in Europe 
(EEA 2012). According to Burkhard & Maes (2017), 
ideally, the country should naturally retain and 
store sufficient water for its needs, thereby limiting 
surface runoff. Forests, grassland and wetlands 
are high-capacity ecosystems for the regulation 
of water flows. In cities, where the water flows are 
not properly regulated by ecosystems, there is a 
much higher risk of extreme fluctuations, which 
can lead to floods or, conversely, to a lack of wa-
ter (drinking or service). Water flow in the country 
can be affected by the following natural process-
es that contribute to water accumulation and thus 
prevent surface runoff: vegetation capture, depo-
sition in surface aquatic ecosystems, infiltration 
and retention in soil, infiltration into groundwater.

Results of evaluation of water flow regulation 
service
The total value of potential for provision water 
flow regulation service and regulation of runoff 
conditions by Slovakia´s ecosystems is set at 2.02 
index point. The provision of this ES, after taking 
into account the condition of ecosystems, is 1.61 
(supply quality index value). The potential value 
calculated in monetary units (shown in Tab. 11) is 
4,662,959,248 EUR per year. After taking into ac-
count the quality of individual ecosystems, sup-
ply of this ES is reduced to 3,852,879,612 EUR per 
year. This means that the economic value of provi-
sion of water flow regulation service is reduced by 
810 million EUR per year due to the degradation 
of ecosystems.

In terms of quality, the most important, in compar-
ison with the previous regulatory services, are in-
land surface waters, mires, peat bogs and fens. 
In particular, the highest quality habitats that pro-
vide water flow regulation service are C1 Surface 
standing waters, C1.2 Permanent mesotrophic 
lakes, ponds and pools, C1.3 Permanent eutro-
phic lakes, ponds and pools followed by other 
aquatic habitats. In terms of the largest area of 
provision of this service, forest ecosystems are 
very significant, less arable land. From among 
the forest habitats, the G1.63 Medio-European 
neutrophile beech forests participate in the provi-
sion of water flow regulation service on the larg-
est area and in the highest quality, namely on area 
of 1,015,599.37 ha. G1.A16 Sub-continental oak - 
hornbeam forests on the area of 261, 088.22 ha, 
G1.61. Medio-European acidophilous Fagus for-
ests on the area of 162,544.91 ha. From the over-
all view of the potential, this service is provided 
by 93 different habitats in Slovakia on the area 
of ​​4,592,333.32 ha/45,923.33 km2. But again, it 
is necessary to recall that some habitats provide 
the service only to a very limited extent and low 
quality. In case of areal expression it is necessary 
to take into account especially those habitats that 
provide the service at the level of at least 2-3 in-
dex points, which is basically a much smaller area.
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Tab. 11  Indexes and values of potential and supply in relation to the ES provision of water flow regulation 
divided according to the EUNIS 1 level

WATER FLOW REGULATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 3.02 111,780,190 2.9 105,384,334

D – Mires, bogs and fens 3.04 29,521,918 2.9 28,781,548

E – Grasslands and lands dominated by forbs, mosses 
or lichens

1 481,453,272 0.96 464,271,769

F – Heathland, scrub and tundra 1.39 55,833,229 1.35 55,185,570

G – Woodland, forest and other wooded land 3 2,659,570,003 1.93 1,874,455,754

H – Inland unvegetated or sparsely vegetated habitats 0.01 265 0.01 265

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

2 1,273,888,039 2 1,273,888,039

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0.97 50,912,332 0.97 50,912,332

Total: Weighted average over ecosystem area/Total 
value in EUR

2.02 4,662,959,248 1.61 3,852,879,612

In the map view in Fig. 16 it is evident that the wa-
ter flow regulation service is generally provided 
by ecosystems in a lower quality than other 
regulatory services. At the highest quality is this 
service provided only by large water bodies, but 
in Slovakia does not exist many original natural 
lakes. However, in terms of quantity, these water 
bodies do not play an important role either, other 

aquatic ecosystems and forest ecosystems are 
much more important. In this example, it is also 
possible to demonstrate that on the one hand 
man-made large water structures help to regu-
late the water regime in the regional point of view, 
but on the second hand from the national point 
of view they are not significant and forest ecosys-
tems are more significant.

Fig. 16 Map of potential for provision ES water flow regulation
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Fig. 17  Map of supply of ES water flow regulation in relation to the quality of ecosystems

In terms of the map display of supply of water flow 
regulation service (Fig. 17) it is necessary to draw 
attention to the fact that its supply is distributed 
evenly throughout Slovakia and in a similar quali-
ty, but overall with a low average index. Compared 
to the map of potential, it is evident that forests 
have a higher potential, but due to their condition 

they reach average values, comparable with agri-
cultural land in many places. In view of the above, 
there is a high potential for the improvement of 
quality in every group of ecosystems in Slova-
kia, the widespread ones, but also the rarer and 
smaller ones.

​3.3.1.5	 Water purification

The water purification ecosystem service is im-
portant in terms of water resources, especially 
near areas of pollution and built-up areas where 
the highest concentration of pollutants occurs. 
The self-cleaning ability of water is an important 
factor in which several ecosystems are involved. 

Freshwater ecosystems are able to maintain a 
sufficient quality of drinking water for drinking 
and other purposes associated with daily hu-
man activities. Freshwater plants, as well as entire 
aquatic ecosystems capture, decompose, pro-
cess and transform pollutants, toxins and heavy 
metals present in water. Water purification is thus 
one of the key service associated with the water 
cycle (Grizzetti et al. 2019). La Notte & Maes et al. 
(2017) estimated the annual value of capacity and 
flow of water purification service for sustainable 
use in Europe at 458.86 billion EUR per year. Some 
wetland ecosystems can reduce nitrogen con-
centrations by more than 80% (MEA 2005). The 

water purification service can be measured by the 
amount of pollutants removed and it is variable - 
from fast-flowing streams to stagnant lakes that 
have a higher capacity (more time) to remove ni-
trogen but a lower capacity to clean organic pol-
lutants (Burkhard & Maes 2017).

Results of evaluation of the water purification 
service
Given the conditions of Slovakia, it can be stated 
that a significant part of ecosystems produces 
this service on a large scale, which increases hu-
man well-being. The index of potential is 2.52 and 
the index of supply is 2.13 – there is a difference 
in 0.39 points due to degraded ecosystems. From 
the financial point of view, the potential provision 
(Tab. 12),  is calculated up to 5,097,555,129 EUR per 
year. The monetary value of supply of water puri-
fication service is 4,383,970,274 EUR per year. As 
a result, Slovakia looses 713 million EUR per year 
in the supply of water purification service due to 
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ecosystem degradation.

In terms of quantity and quality, the most impor-
tant ecosystems for provision of water purifica-
tion are forest habitats, followed by grasslands. 
In terms of quality (potential index value 4), pre-
served stands with valuable and protected habi-
tat types such as D1.11 Active, relatively undam-
aged raised bogs and D1.12 Damaged, inactive 
bogs are also important, but with an area of ​​only 

1,580.26 ha. In terms of quantity and thus overall, 
the most important are forest and non-forest hab-
itats such as G1.63 Medio-European neutrophile 
beech forests or permanent grasslands, which 
are, however, crucial for the proper functioning of 
the ecosystem and the provision of this service. 
Water purification (potential) through ecosys-
tems is provided in different quality on an area of ​​
3,004,518 ha/30,045.18 km2 by 94 different eco-
systems.

Tab. 12 Indexes and values of potential and supply in relation to the ES provision of water purification 
divided according to the EUNIS 1 level

WATER PURIFICATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

avergae
Value in EUR

Index 
avergae

Value in EUR

C – Inland surface waters 2.81 59,863,594 2.69 54,279,633

D – Mires, bogs and fens 2.09 18,231,332 1.94 17,578,565

E – Grasslands and lands dominated by forbs, mosses 
or lichens

2.72 1,122,077,694 2.68 1,107,515,264

F – Heathland, scrub and tundra 1.17 30,617,181 1.13 30,057,882

G – Woodland, forest and other wooded land 4.99 3,862,299,479 3.92 3,170,085,443

H – Inland unvegetated or sparsely vegetated habitats 1 2,393,930 0.99 2,381,568

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0.07 2,071,918 0.07 2,071,918

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0 0 0 0

Total: Weighted average over ecosystem area/Total 
value in EUR

2.55 5,097,555,129 2.13 4,383,970,274

The map´s distribution in Fig. 18 shows that the 
part covered by forest and grassland habitats in 
the central part of Slovakia has the highest poten-
tial for provision of water purification service (dark 
blue colour). Agricultural areas and built-up areas 
do not produce this service at all or only to a very 
low extent (white polygons in the map). Looking 

at the map of supply of water purification service 
(Fig. 19) it is evident that, compared to the poten-
tial, anthropogenic interventions in ecosystems 
slightly reduce the provision of this ES. Neverthe-
less, forest habitats are still the most important 
source of water purification processes.
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Fig. 18 Map of potential for provision ES water purification

Fig. 19 Map of supply of ES water purification in relation to the quality of ecosystems
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​3.3.1.6	 Nutrient regulation

The cycles of key nutrients, especially those such 
as phosphorus, nitrogen, sulphur and carbon, 
have changed significantly through human ac-
tivities and over the last two centuries, with both 
positive and negative impacts on a range of eco-
systems and their services. Humans benefit from 
the processes carried out by ecosystems by regu-
lating the right chemical composition to maintain 
a balanced ecosystem, to maintain biodiversity 
of the area, to produce crops and fertilizers, e.g. 
dying forests and wood from which new plants, 
including trees, benefit (Hassan 2005). 

For example, in terrestrial ecosystems the nutri-
ents may be best concentrated in the living bio-
mass (forest ecosystem), in humus or soil organic 
matter (peat ecosystems). Nitrogen (N) cycles al-
tered by human activities have brought benefits to 
health and human well-being, but its excess has 
caused the degradation of many ecosystems and 
the quality of air and water (Compton 2011). 

Nutrient regulation requires the involvement of 
a large number of different organisms from dif-
ferent functional groups and can therefore be 
considered as a good example of “functional bio-
diversity” or “functional ecosystem”. On the con-

trary, dysfunctions in the nutrient cycle lead to 
disruption of ecosystem and thus to a reduction 
in the quality or quantity of services provided to 
humans, e.g. eutrophication of water bodies.

Results of evaluation of nutrient regulation ser-
vice
The index of potential provision is set at 3.08 (Tab. 13) 
which in monetary units represents 1,027,362,697 
EUR per year, the supply has an index of 2.67 and 
a monetary value presents 909,152,912 EUR per 
year. The important ecosystems for the potential 
provision, as well as supply of nutrient regulation 
service are the widespread habitats - forest habi-
tats followed by grasslands. From among the for-
est habitats, on the area of 1,015,599.37 ha, these 
are G1.63 Medio-European neutrophile beech 
forests as the largest contributors of provision of 
nutrient regulation service, as well as E2.22 Sub-
Atlantic lowland hay meadows on the area of 
283,534.48 ha. Wetlands and aquatic ecosystems 
can be significant at the local level. From the over-
all point of view, the nutrient regulation service is 
potentially provided by 93 different habitats in 
Slovakia on an area of ​​4,689,830.687 ha/46,898.3 
km2, out of which up to 63 habitat types with an 
index of potential of 4 to 5.

Tab. 13 Indexes and values of potential and supply in relation to the ES provision of nutrient regulation  
divided according to the EUNIS 1 level

NUTRIENT REGULATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 3.08 15,107,608 2.96 14,175,572

D – Mires, bogs and fens 4 5,590,828 3.85 5,482,939

E – Grasslands and lands dominated by forbs, mosses 
or lichens

3.72 254,822,372 3.67 252,157,027

F – Heathland, scrub and tundra 1.78 9,823,061 1.74 9,728,682

G – Woodland, forest and other wooded land 4.99 641,610,274 3.92 527,200,139

H – Inland unvegetated or sparsely vegetated habitats 0.01 23 0.01 23

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.03 92,989,373 1.03 92,989,373

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0.97 7,419,158 0.97 7,419,158

Total: Weighted average over ecosystem area/Total 
value in EUR

3.08 1,027,362,697 2.67 909,152,913

Based on the Fig. 20 it is evident that as with 
most regulatory services, forest ecosystems in 
e.g. mountains of Malé Karpaty, Veľká Fatra, Malá 
Fatra, Nízke Tatry, Kremnické vrchy, Štiavnické vr-
chy, Veporské vrchy, Muránská Planina, Volovské 
vrchy, Slanské vrchy, Čergov, etc., dominate in the 

potential provision of nutrient regulation service. 
These are the  largest continuous natural ecosys-
tems in Slovakia. On the contrary, built-up areas 
do not provide this ES at all and the agricultural 
land only with an index value of 1.03.
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Fig. 20 Map of potential for provision ES nutrient regulation

Fig. 21 Map of supply of ES nutrient regulation in relation to the quality of ecosystems

Looking at the map of nutrient regulation ser-
vice supply (Fig. 21) it is clear that this ES has de-
creased due to ecosystem degradation. The de-
gree of provision representing an index value of 5 

in potential has decreased significantly, as seen in 
the map of supply of nutrient regulation service. 
At the same time it can be stated that protected 
areas play an important role in the preservation of 
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ecosystems and also in the production of this ES, 
as well as of others.  A significant part of the Pan-
nonian biogeographical region does not provide 
nutrient regulation service to a somewhat signifi-

cant extent. It consists mainly of agricultural areas 
where the supply index only reaches values close 
to 1, which is very low.

​3.3.1.7​  Erosion regulation

In terms of maintaining the quality of soils that 
are capable of producing the biomass, the ero-
sion regulation service is an essential regulation 
service necessary for human well-being. Erosion 
is most pronounced in degraded ecosystems, es-
pecially in parts from which the biomass itself has 
been removed (or disturbed) e.g. agricultural land 
or forest stands. Due to the influence of wind, wa-
ter and other natural factors, the fertile part of the 
soil is subsequently degraded and the landslides 
are threatened on the slopes, which can endan-
ger inhabited areas and cause great damage to 
human health and property. In principle, these 
may not only be massive landslides, but also fall-
ing rocks on roads or near inhabited parts. Prop-
erly functioning ecosystems, in favourable condi-
tion, provide the most effective protection against 
erosion and landslides.

Soil erosion is one of the most serious environ-
mental problems in the world today, as it poses a 
serious threat to agriculture, natural resources and 
the environment. Soil erosion is a natural process, 
but attention is focused on the so-called “acceler-
ated erosion”, which is caused by human activity 
or disturbing the natural rate of erosion. Acceler-
ated erosion is a serious problem worldwide and it 
is difficult to assess its economic and environmen-
tal impact due to its extent, size, speed and the 
complex of processes that accompany it (Markov 
& Nedkov 2016).

Results of evaluation of erosion regulation ser-
vice
Slovakia´s potential for the provision of erosion 
regulation service is on the scale of 0 to 5 in the 
rating of 3.01 index value, but after taking into ac-

count the quality of ecosystems, the provision de-
creases to 2.59 (supply index value). In terms of 
monetary evaluation, this is a highly valued ser-
vice, where the potential provision reaches the 
value of 28,868,921,246 EUR per year and ero-
sion regulation service supply (after taking into 
account the state of ecosystem degradation) is 
25,478,733,317 EUR per year (Tab. 14).  It means 
that due to the degradation of ecosystems, Slova-
kia loses 3,390,187,929 EUR per year.

As with other regulatory services, forest and 
grassland ecosystems are also valuable in terms 
of provision of erosion regulation services. In 
terms of quality, the best providers of this service 
are the habitats of E4.34 Alpigenous acidophi-
lous grassland, E3.41 Atlantic and sub-Atlantic 
humid meadows as well as other grasslands. Sur-
prisingly, forest habitats do not appear in the best 
quality of provision of this ES. In terms of acreage, 
however, forest habitats clearly dominate again 
through  the G1.63 Medio-European neutrophile 
beech forests on an area of ​​1,015,599 ha in the 
index value of 3.9 and non-forest habitats through 
the E2.22 Sub-Atlantic lowland hay meadows 
on an area of ​​283,534 ha, but in a higher quality, 
specifically at an index value of 4.9. In total, 101 
habitats in the EUNIS categories (with an in-
dex higher than 0) and an area of ​​3,564,632.539 
ha/35,646.33 km2 contribute to the potential pro-
vision of erosion regulation service. However, it 
is necessary to take into account the fact that 
index up to level 2 is relatively low and thus the 
quality of provision of this ES is present on a 
much smaller scale. 52 forest and grassland hab-
itats reach the index value of potential at level 5.
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Tab. 14 Indexes and values of potential and supply in relation to the ES provision of erosion regulation 
divided according to the EUNIS 1 level

EROSION REGULATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.11 51,361,171 0.09 40,718,503

D – Mires, bogs and fens 1.04 43,419,110 0.91 40,585,374

E – Grasslands and lands dominated by forbs, mosses 
or lichens

4.62 9,117,483,208 4.57 9,040,672,126

F – Heathland, scrub and tundra 1.39 234,474,090 1.35 231,754,221

G – Woodland, forest and other wooded land 4.99 18,490,207,681 3.92 15,193,085,990

H – Inland unvegetated or sparsely vegetated habitats 1.99 22,804,315 1.99 22,745,432

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0.07 9,868,818 0.07 9,868,818

J – Constructed, industrial and other artificial habitats 1.06 683,195,374 1.06 683,195,374

X – Habitat complexes 1 216,107,480 1 216,107,480

Total: Weighted average over ecosystem area/Total 
value in EUR

3.01 28,868,921,246 2.59 25,478,733,317

The high potential provision of the erosion regula-
tion service is also confirmed in the map in Fig. 
22. The majority of Slovakia, with the exception of 
intensively used agricultural areas in the Poduna-
jská nížina lowland and Východoslovenská nížina 

lowland, in the Košická kotlina basin and Juho-
slovenská kotlina basins, is shown in deep green 
and represents an index value of 4 to 5 from the 
modified Burkhard matrix of potential.

Fig. 22 Map of potential for provision ES erosion regulation
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Fig. 23 Map of supply of ES erosion regulation in relation to the quality of ecosystems

After analysing the supply of erosion regulation 
service (Fig. 23) it can be said that the degradation 
of ecosystems in Slovakia has a slightly negative 
impact on the provision of this service, but from a 
national perspective, its supply is sufficient. How-
ever, this ES is missing in certain localities of Slo-
vakia, often in places where it is very much need-
ed, and its lack causes a threat to human health 
and property or excessive erosion on agricultural 
land, which subsequently degrades fertility. The 
risk of landslides increases in combination with 
other natural disasters such as earthquakes or a 
sudden high drop in precipitation causing local 
floods and soil disturbance and consequently a 
risk of landslides.

Insufficient supply at the local level is mainly in in-
tensively cultivated fields in western and eastern 
Slovakia. Paradoxically, these are areas with the 
most fertile soils, but their protection against ero-
sion is minimal in these parts of Slovakia. The orig-
inal habitats that would provide the erosion regu-
lation service at the local level in the mentioned 
areas of Slovakia are clearly under-represented. 
If the situation does not improve in the future for 
example through the restoration of natural habi-
tats, partial mosaic afforestation or the improve-
ment of degraded habitats, the intensively farmed 
agricultural land faces a similar scenario as many 
examples from abroad where due to erosion and 
the complete loss of the fertile part of the land, it 
was no longer possible to manage the fields.

​3.3.1.8	 Flood control

Floods are considered to be a natural hazard oc-
curring in the biosphere that can damage humans 
and ecological systems. Annual economic losses 
caused by floods are constantly increasing on the 
basis of socio-economic factors, and flood activity 
is escalating due to the higher frequency and ex-
tent of heavy rainfall as a result of climate change. 
As a result of these negative developments, flood 
control is becoming increasingly important (de 
Guenni et al. 2005, Stürck et al. 2014). Flood con-
trol is one of the critical ecosystem services de-

fined in the Millennium Ecosystem Assessment 
(MEA 2005), because an ecosystem in good con-
dition has the ability to mitigate floods and reduce 
flood risks caused by large rainfall (Stürck et al. 
2014).
Gradual climate change also brings with it a 
greater risk of extreme weather, including sud-
den floods in those parts of Slovakia where 
large watercourses may not even occur. Due to 
heavy rain, in which a high amount of precipita-
tion falls in a short time in combination with a high 
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slope, removal of woody vegetation, or improp-
erly built field and forest roads there is a risk of 
floods with consequent damage to property and 
in some cases to human life. Ecosystems play a 
major role in this regard, as they ensure the reten-
tion of water in the landscape through biomass 
and the soil, protect us from floods and make a 
significant contribution to mitigating the effects 
of natural disasters, and can even prevent them 
altogether. In degraded ecosystems, these pro-
cesses do not work fully, just as they do not work 
in man-altered habitats. Wetland habitats and for-
est habitats, which best ensure the water reten-
tion function in the country, are key to ensuring 
the flood regulation service. Wetlands have a high 
natural, cultural and economic value. They allow 
the existence of a large number of native species 
of plants and animals, many of which are rare. In 
Slovakia, wetlands cover approximately 0.5% of its 
acreage. Their conservation and restoration not 
only increases natural values, but also contributes 
to capturing flood waters, improving water qual-
ity, ensuring the replenishment of groundwater 
reserves or balancing flows in streams. However, 
their threat is growing, as the area and quality 

continue to decline. This is mainly due to intensive 
or insufficient agricultural practices, land reclama-
tion, eutrophication, land fragmentation, changes 
in water regime, etc. Significant impacts on water-
courses and coastal habitats are their man-made 
regulations, straightening and deepening, the 
absence of native riparian vegetation, pollution, 
flushing from agricultural areas and the infiltration 
of non-native species. All these threats and fac-
tors degrade the ecosystems themselves, which 
subsequently only partially and to a limited extent 
fulfill the function of this flood regulation service.

Results of the evaluation of the flood control 
service
The index of the potential provision of flood control 
service is 2.11 and the monetary value after conver-
sion to the area of habitats is set at 29,967,149,379 
EUR per year (Tab. 15). After taking into account 
the degradation of ecosystems, the supply of the 
flood control service is set at 1.69 index point and 
a monetary valuation on 24,978,449,231 EUR per 
year. As a result of the degradation of ecosystems 
in Slovakia, 5 billion EUR is lost annually.

Tab. 15 Indexes and values of potential and supply in relation to the ES provision of natural hazard 
regulation divided according to the EUNIS 1 level 

FLOOD CONTROL POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 3.08 638,444,795 2.96 599,057,132

D – Mires, bogs and fens 3.96 231,663,776 3.81 227,104,371

E – Grasslands and lands dominated by forbs, mosses 
or lichens

1.00 2,954,127,542 0.96 2,848,319,070

F – Heathland, scrub and tundra 0.78 142,568,512 0.74 138,661,959

G – Woodland, forest and other wooded land 3.99 21,746,352,925 2.92 16,911,401,217

H – Inland unvegetated or sparsely vegetated habitats 1.01 16,721,285 1.00 16,634,938

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.00 3,922,478,265 1.00 3,922,478,265

J – Constructed, industrial and other artificial habitats 0 1,259,994 0 1,259,994

X – Habitat complexes 0.97 313,532,286 0.97 313,532,286

Total: Weighted average over ecosystem area/Total 
value in EUR

2.11 29,967,149,379 1.69 24,978,449,231

The contribution of individual habitat types to 
flood control service is evident, with the highest 
potential provision of forest ecosystems with 3.99 
index value, followed by wetland ecosystems 
with 3.96 index value. However, taking into account 
the degradation of ecosystems, wetlands clearly 
dominate in the quality of supply of flood control 
service with 3.81 index value compared to forest 
habitats, which value of supply of this ES is set at 
2.92. Among wetlands, the best habitats for po-

tential provision of this service are D5.24 Fen beds 
of great fen sedge - Cladium - a very rare habi-
tat and D4.1 Rich fens, including eutrophic tall-
herb fens and calcareous flushes and soaks, but 
also other wetland habitats provide relatively high 
quality of this ES. In terms of area and also quality, 
the most important habitat in Slovakia is G1.63 
Medio-European neutrophile beech forests. In 
total, 100 habitats (in the EUNIS classification with 
an index value of potential of 1 to 4) contribute to 
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the potential provision of the flood control service 
on an area of ​​4,624,507.75 ha/46,245 km2. How-
ever, it is on a much smaller total area if we con-
sider the quality with index 3 and higher.

Potential provision of flood control service is, as 
with most regulatory services, tied to mountains 
with continuous forests, as they cover approxi-
mately 40 % of Slovakia (dark green colours on 
the map in Fig. 24 represent the highest values ​​of 

this ES potential). Wetland ecosystems and sur-
face aquatic ecosystems are small and difficult to 
identify from a national map, but they contribute 
significantly to the provision of this service. Low-
lands in the southwest and southeast of Slova-
kia and the ecosystems identified in them, with a 
predominance of arable land, have a much lower 
level of potential provision of flood regulation ser-
vice.

Fig. 24 Map of potential for provision ES natural hazard regulation

Fig. 25 shows a decrease in the index values, 
based on which it can be seen that the supply of 
the flood control service is significantly reduced. 
In the case of forest ecosystems, the decrease in 
supply compared to potential is up to 1.07 index 

point. This decline is due to degradation and arti-
ficial interventions in ecosystems. Cities and built-
up areas contribute negligibly to the supply of the 
flood control service.
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  Fig. 25  Map of supply of ES natural hazard regulation in relation to the quality of ecosystems 

The high index of supply in military districts is in-
teresting. The areas covered by military districts 
represent, in most cases, a different types of habi-

tats in a favourable condition, as there has been 
no intensive agricultural and forestry activity in 
them.

​3.3.1.9	 Pollination

Pollination of plants with bees as well as other 
insect species is an important ecosystem service 
that has an impact on the conservation of biodiver-
sity and on the fertility, quality and stability of crop 
production (Kizeková et al. 2016). Based on a glob-
al pollination assessment prepared by experts 
from the Intergovernmental Panel on Biodiversity 
and Ecosystem Services (IPBES), it is estimated 
that around 75 % of globally important crops, in-
cluding fruit and seed production, depend on pol-
lination and are also important for more than 80 
% of wild plants of the temperate zone (Potts et 
al. 2016). Many of the crops, such as some fruits, 
nuts, oilseeds, cereals and vegetables, would not 
be able to produce any yield without pollination 
by insects. The most important pollinators in the 

temperate zone are Hymenoptera.

Results of the evaluation of the pollination ser-
vice
From the point of view of the quality of the provi-
sion of the pollination service, forest and shrub 
habitats are especially important, but also G1.D - 
Fruit and nut tree orchards, which have an index 
value of potential up to 4.9. In terms of quantity, 
very significant habitats are G1.63 Medio-Europe-
an neutrophile beech forests as well as G1.A16 
Sub-continental oak - hornbeam forests, and 
from non-forest habitats it is E2.22 Sub-Atlantic 
lowland hay meadows which cover a relatively 
large area in term of pollination service provision.
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Tab. 16  Indexes and values of potential and supply and in relation to the ES provision of pollination 
divided according to the EUNIS 1 level

POLLINATION POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.13 13,430,889 0.11 10,823,437

D – Mires, bogs and fens 1.04 10,381,292 0.91 9,703,760

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0.91 427,650,899 0.87 412,213,080

F – Heathland, scrub and tundra 1.39 56,061,580 1.35 55,411,273

G – Woodland, forest and other wooded land 4.00 3,612,798,190 2.93 2,824,472,910

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.03 640,728,843 1.03 640,728,843

J – Constructed, industrial and other artificial habitats 0.83 88,588,689 0.83 88,588,689

X – Habitat complexes 1.74 48,088,139 1.74 48,088,139

Total: Weighted average over ecosystem area/Total 
value in EUR

2.13 4,897,728,521 1.71 4,090,030,131

The total value of the potential for provision 
of pollination service in Slovakia is approxi-
mately 4,897,728,521 EUR per year. 82 habi-
tats in the EUNIS classification (with an in-
dex of potential higher than 0) on the area of ​​
4,663,880.806 ha/46,638.8 km2 participate on 
the potential provision of pollination service na-
tionwide. The index value of potential (in case that 
all ecosystems are in favourable conservation 
status) has a value of 2.13 (on a scale of 1-5). The 
supply index of pollination service is set at 1.71, 
which is 0.42 points less than the potential (Tab. 
16). After taking into account the degradation of 
ecosystems, the monetary value of this service’s 
supply is set at 4,090,030,131 EUR per year. The 
index values of the potential and the supply are 
the lowest values among all other regulatory 
services and draw attention to the necessary 
need to care more about the issue of pollination 
in Slovakia, which concerns not only the condi-
tions of ecosystems, but mainly agricultural prac-
tises and their related negative modifications and 
human inputs in these ecosystems (arable land, 
wetlands, built-up areas and cities, grasslands 

and others ecosystems presented in Tab. 16). The 
difference in the total economic value between 
potential and supply is approximately 800 million 
EUR as shown in Tab. 16. 

In the map of supply of pollination service (Fig. 27) 
it is evident that compared to the average poten-
tial provision (Fig. 26) there are more habitats that 
have a relatively high potential of this ES, how-
ever, areas with very low potential of this ES are 
still predominant, especially on an arable land. 
The most favourable situation in terms of supply 
of pollination service is especially in northern and 
central Slovakia with a high proportion of forests 
and grasslands. The deficit of this service is to 
some extent compensated mainly by beekeep-
ers. In regions where there is insufficient supply 
of pollination service, it is necessary to increase 
the proportion of semi-natural ecosystems that 
provide suitable habitats for pollinators, as well as 
to create suitable conditions to support beekeep-
ers and eliminate factors that cause bee deaths 
or declines.
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Fig. 26 Map of potential for provision ES pollination

Fig. 27 Map of supply of ES pollination in relation to the quality of ecosystems
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​3.3.1.10	 Pest and disease control

The structure of the landscape influences local 
diversity and ecosystem processes, including the 
influence of species and habitats among them-
selves, characterized by different dynamics. Spe-
cies can bind themselves to certain communities, 
but also can move between different communi-
ties, both natural and anthropogenically changed 
(Tscharntke et al. 2005). Natural and semi-natural 
habitats fulfill a compensatory function – they 
reduce the negative consequences of human 
activity on the landscape and its components. 
In particular, habitats of extensively used grass-
lands or places left for self-development  within 
arable land can serve as habitats for reproduc-
tion of plants and animals, for migration or spread 
in the landscape (dispersal of seeds by insects, 
birds and other animals), as habitats for pollina-
tors, as places for rest, food, shelter, and thus also 
contribute to the regulation of pests and diseases 
(biological control of pests and diseases of live-
stock and plants, reduction of vectors, diseases 
of human pathogens), etc. This service has a very 
important role to play in the current context of 
globalization and is likely to increase in the fu-
ture. The spread of human pathogens is greatly 
influenced by the structure of the landscape, the 
ecosystems in it and their quality. When caring for 
natural habitats, their appropriate distribution in 
the country has a significant impact on reducing 
the spread of human pathogens. To some extent, 
the link between the degradation of ecosystems 
and the rate of spread of diseases in the human 
population is important. Global pandemics (e.g. 
COVID-19) may reflect a lack of care for ecosys-
tems, their gradual degradation and misallocation 
of the landscape, and this factor may play a role. 
It is possible that ecosystems and services, which 
they provide, play one of the most significant roles 
in the reduction of the spread of pathogens, dis-
eases and thus bring an irreplaceable function for 
human survival and therefore need to be given 
adequate attention, which has obviously been 
greatly underestimated and even overlooked. For 
humans, it should be a question of life and death 
to “repair” damages that were done to ecosys-
tems and through revitalization and restoration 
provide better protection for people from further 
spreading of human pathogens. The basis for 
these necessary changes in Slovakia exists and is 
listed below. It should be emphasized that since 
humanity has not faced a pandemic for the last 50 
years to the extent it is facing today in connection 
with COVID-19, the evaluation of this service has 

been clearly underestimated (average only 7 EUR 
per hectare). It means that providing the relation-
ship between a healthy ecosystem and the rate 
of spread of similar viruses is confirmed (similar 
types of viruses may and will emerge in the fu-
ture), people die, the national economy quantifies 
daily losses in millions of EUR. Therefore it is clear 
that the current average monetary values ​​of pest 
and disease control service are underestimated 
and probably should increase in the near future. 
Therefore, the data in this work should be taken 
as they were perceived before the outbreak of the 
COVID-19 pandemic, and if the link between the 
role of a healthy ecosystem and its effect on slow-
ing the spread of similar diseases is confirmed, 
these values ​​should be increased accordingly in 
the future as a reflection of  these new realities.

Results of the evaluation of the pest and dis-
eases control
Natural and semi-natural habitats in the neigh-
bourhood of agroecosystems or other anthropo-
genic areas are particularly important for the po-
tential provision of the pest and disease control 
service. The total monetary value of the potential 
of this service in Slovakia is 30,707,850 EUR per 
year (Tab. 17). After taking into account the quality 
of ecosystems and their supply of pest and dis-
ease control service is set at 26,395,943 EUR per 
year, which means that due to the unfavourable 
condition of some ecosystems, the total mon-
etary value decreases by 4 million EUR per year. 
The index values of potential is evaluated at 2.52 
(on a scale of 1-5). In the map of supply of pest 
and disease control service (Fig. 29) it is evident 
that compared to the potential (Fig. 28) there are 
many more areas with a reduced provision values. 
The service´s supply index is set at 2.1 (on a scale 
of 1-5), which is 0.42 points less than the potential.

In terms of area, but also quality of the provision of 
this service, forest habitats are dominated by G1.63 
Medio-European neutrophile beech forests and 
G1.A16 Sub-continental oak - hornbeam forests. 
An arable land is significant too, but mainly in 
terms of quantity, the quality is relatively low (only 
2 index points). A total of 100 different habitats 
in the EUNIS categorization (potential index high-
er than 0) contribute to the potential provision of 
pest and disease control service. The mountain 
regions of central and northern Slovakia appear 
to be relatively balanced areas.
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Tab. 17 Indexes and values of potential and supply in relation to the ES provision of pest and disease 
control divided according to the EUNIS 1 level

 PEST AND DISEASE CONTROL POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 2.87 427,708 2.75 393,324

D – Mires, bogs and fens 2.04 106,072 1.90 102,132

E – Grasslands and lands dominated by forbs, mosses 
or lichens

1.09 2,847,589 1.05 2,755,911

F – Heathland, scrub and tundra 1.39 297,150 1.35 293,703

G – Woodland, forest and other wooded land 4.00 18,966,431 2.93 14,787,973

H – Inland unvegetated or sparsely vegetated habitats 0.01 1 0.01 1

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

2.00 6,779,760 2.00 6,779,760

J – Constructed, industrial and other artificial habitats 0.94 612,317 0.94 612,317

X – Habitat complexes 2.83 670,822 2.83 670,822

Total: Weighted average over ecosystem area/Total 
value in EUR

2.52 30,707,850 2.10 26,395,943

In order to increase the quality of provision of this 
service, it would be necessary to improve the 
quality of forest ecosystems, because a signifi-
cant part of forest stands is threatened by calami-
ties due to the poor health of trees. Similarly, with-
in the agricultural landscape, it is necessary to 
support an increase of the area representation of 
semi-natural habitats that would fulfill the function 
of refuge and eliminate their threat to the spread 
of non-native invasive species. Efforts should be 
made for a better landscape-ecological structure 
and restoration of natural ecosystems throughout 

the whole territory of Slovakia. 

In regions where there is an insufficient provision 
of this service, it is necessary to increase the area 
and quality of ecosystems that provide pest and 
disease control as well as realise the increase of 
functional biodiversity in agroecosystems. If ade-
quate measures are implemented to support the 
provision of this service, it should have a positive 
impact on pollination service or other regulatory 
services.
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Fig. 28  Map of potential for provision ES pest and disease control

Fig. 29 Map of supply of ES pest and disease control in relation to the quality of  ecosystems 

At present, the damage caused by the SARS-CO-
VID19 virus for Slovakia is estimated at billions of 
EUR. It is evident that if ecosystems were revital-

ized/restored in the future, their spatial structure 
improved, they will prevent the spread of similar 
viruses to a greater extent and thus bring signifi-
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cant savings to the state, fundamentally reduce 
current losses in the economy and especially on 
human lives. It can also be stated that if ecosys-
tems in the current condition did not provide this 
service to the extent we assess it, the loss of hu-

man lives and economy would be many times 
greater than the current damage and losses, and 
therefore the conservation of ecosystems and 
their functions would should be a priority.

​3.3.1.11	  Regulation of waste

Ecosystem processes reduce concentrations of 
substances that are directly or indirectly danger-
ous to humans. However, capacity in ecosystems 
is limited and in many places the carrying capac-
ity is exceeded (the example of ozone depletion 
and climate change are proof of this). Mankind 
produces a large number of different types of 
waste and harmful substances, which it stores in 
the environment. All the different types of water 
poisoning, soil contamination, environmental deg-
radation due to landfills affect biota and are a fail-
ure of waste management and planning. The risk 
is that some contaminants cannot be turned into 
harmless material and remain in the environment 
permanently (Hassan 2005). Ecosystems play an 
important role in the treatment of waste and harm-
ful substances introduced into the natural envi-
ronment, but this ability to treat waste has certain 
limitations. For example, water systems “clean” an 
average of 80 %t of their global nitrogen impact, 
but this intrinsic self-cleaning capacity is reduced 
by the loss of wetlands worldwide. As the charac-
teristics of waste, pollutants and the ecosystems 
receiving this waste and pollutants differ, the envi-
ronment differs in their ability to absorb and man-

age the waste (Kumar et al. 2010). Increased quality 
of wetlands can improve the processing of harmful 
substances and save potential additional costs for 
their management (Costanza et al. 1997).

Results of the evaluation of regulation of waste 
service
The index value of the potential is currently set 
at 2.71 index point, the supply set at 2.29. Due to 
degradation, especially of forest ecosystems, the 
quality of regulation of waste service provision 
decreased by 0.42 index point (Tab. 18).

From the waste regulation service point of view, 
the most important ecosystems are clearly aquatic 
habitats, potential index value of which is 4.6. Wet-
lands, peat bogs, moors and forest ecosystems 
are also very significant. Quality-wise, the most 
important are C2 Surface running waters vegeta-
tion, C1-Surface standing waters and C1.2 Per-
manent mesotrophic lakes, ponds and pools. In 
terms of quantity, I1 Arable land and market gar-
dens, G1.63 Medio-European neutrophile beech 
forests and E2.22 Atlantic lowland hay meadows 
are the most significant habitat types

Tab. 18 Indexes and values of potential and supply in relation to the ES provision of regulation of waste 
divided according to the EUNIS 1 level

REGULATION OF WASTE POTENTIAL SUPPLY

EUNIS level 1 classification Index average Index average

C – Inland surface waters 4.72 4.6

D – Mires, bogs and fens 3.04 2.9

E – Grasslands and lands dominated by forbs, mosses or lichens 2.18 2.13

F – Heathland, scrub and tundra 1.78 1.74

G – Woodland, forest and other wooded land 4.00 2.93

H – Inland unvegetated or sparsely vegetated habitats 0.01 0.01

I – Regularly or recently cultivated agricultural, horticultural and domestic habi-
tats

2.00 2.00

J – Constructed, industrial and other artificial habitats 0.02 0.02

X – Habitat complexes 2.17 2.17

Total: Weighted average over ecosystem area 2.71 2.29

Fig. 30 and Fig. 31 show the visible contribution of 
river ecosystems (dark green colour), which form 
a network and ensure self-cleaning ability for the 
treatment of harmful substances and waste to the 
whole territory of Slovakia. The contribution of 

aquatic habitats is significant, of which the Dan-
ube River has the greatest weight, the reservoirs 
themselves have a rather local benefit and from a 
national quantity point of view it is essentially neg-
ligible. Forest ecosystems of the mountain and 
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foothill areas of the Slovak Carpathians, which are 
quantitatively the most widespread in central Slo-
vakia, have a high rate of potential provision of the 
regulation of waste service. Significant in terms of 
acreage, but qualitatively less important, are the 

large lowlands of the Pannonian biogeographical 
of Slovakia. The high potential of wetland habitats 
(index value of potential is up 3 to 4) is not visible 
in the national map display, as their area is only 
20,955.13 ha/209.56 km2.

Fig. 30 Map of potential for provision ES regulation of waste

  Fig. 31 Map of supply of ES regulation of waste in relation to the quality of ecosystems
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​3.3.2	 Provisioning ecosystem services 

​3.3.2.1​	 Crops

Crop provision makes a significant contribution 
to human well-being. Agricultural ecosystems 
(agroecosystems) provide people with food, feed, 
bioenergy and medicines. Agroecosystems are 
highly dependent on ES provided by natural eco-
systems (Power 2010). A better understanding of 
ecological processes and their economic benefits 
in agroecosystems can help improve the provi-
sion of ecosystem services by returning selective 
functional agricultural biodiversity to agriculture 
practise (Herridge et al. 2008). The combination 
of crops, the use of pest biocontrol in the cultiva-
tion of crops can save the initial investment in its 
cultivation.

On the one hand, the intensification of agricultural 
production brings higher production, but at the 
same time it poses a risk for individual ecosys-
tems in terms of their transformation and gradual 
degradation. On the other hand, the rest of tradi-
tional farming methods in Slovakia are relatively 
beneficial in terms of nature and landscape pro-
tection, its landscape character. Crop production 
is concentrated mainly in the most fertile parts 
of Slovakia e.g., southwestern and southeastern 
part. However, lowlands also create an appropri-
ate conditions for intensive agricultural produc-
tion, which is negative in terms of degradation 

of native natural ecosystems and proportion of 
services which ecosystems provide. The original 
ecosystems of wetlands near arable land have 
been systematically ameliorated, and the land-
scape has been deforested over large areas. This 
has led to increased harvests and more efficient 
machine management in the short term, but in the 
long run it is vulnerable to the growing effects of 
climate change and, as a result, reduces the qual-
ity and quantity of regulatory ecosystem services 
provided.

Results of the evaluation of the crop provision-
ing service 
From a national point of view, crop provision is 
limited to certain ecosystems, mainly agroeco-
systems (fields, gardens, orchards, vineyards), 
habitat complexes (e.g. landscape mosaics with 
forest elements, pasture forests), and also for this 
reason the resulting index value of potential is 
low - 1.57 index point (Tab. 19). Crop provision is 
provided by ecosystems in various qualities (with 
an index of potential higher than 0) on an area of ​​
1,757,268.253 ha/17,572.58 km2 and is provided 
by 9 different ecosystems (of which an arable 
land represents an area of ​​1,389,009.37 ha).

Tab. 19 Indexes and values of potential and supply  in relation to the ES provision of crops divided 
according to the EUNIS 1 level

CROPS POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.09 1,634,726 0.09 1,600,226

D – Mires, bogs and fens 0 0 0 0

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 0 0 0

F – Heathland, scrub and tundra 2.43 37,296,202 2.43 37,292,979

G – Woodland, forest and other wooded land 0.01 25,426,381 0.01 25,358,887

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

4.84 906,898,105 4.06 769,810,069

J – Constructed, industrial and other artificial habitats 0.83 25,170,671 0.83 25,171,057

X – Habitat complexes 3.46 27,170,356 3.46 27,170,772

Total: Weighted average over ecosystem area/Total 
value in EUR

1.57 1,023,596,441 1.35 1,023,505,916
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Map display of the potential provision of Slovakia´s 
ecosystems of crop provision service (Fig. 32) 
shows that the Pannonian biogeographical region 
has the highest potential of provision of this ser-
vice, specifically arable land of lowlands Záhor-
ská nížina, Podunajská nížina, Východoslovenská 
nížina, as well as basins Košická kotlina, Ipeľská 
kotlina and uplands Trnavská pahorkatina and Ni-

trianska pahorkatina. After taking into account the 
fertility of soils in Slovakia and condition of eco-
systems in the map of supply (Fig. 33) it is clear 
that part of arable land meets the values of poten-
tial - these are areas in the foothills of western Slo-
vakia (e.g. the foothills of Malé Karpaty), but also 
southern areas of central and eastern Slovakia.

Fig. 32 Map of potential for provision ES crops

Fig. 33 Map of supply of ES crops in relation to the quality of ecosystems
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​3.3.2.2	 Biomass for energy

Biomass provision is a renewable energy source. 
In order to mitigate climate change and increase 
energy security, the demand for renewable energy 
has been rising in recent years (McBride et al. 2011). 
Twenty percent of total energy production in the 
EU 2020 should come from renewable sources 
by 2020  (Gissi et al. 2016). Biomass is a product 
of individual ecosystems and Slovakia has a great 
potential in its provision and use. More than 90 % of 
the territory of Slovakia provides biomass in a cer-
tain quality and quantity. Mountain areas produce 
more dendromass, to which biomass of grasslands 
is added in the foothills. The lowlands are domi-
nated by biomass of agricultural crops (Kanianska 
et al. 2010). However, it should be emphasized that 
excessive and reckless biomass uptake can gradu-
ally degrade individual ecosystems and thus lower 
an amount of this regulation service´s provision at 
the local level. Therefore, when using biomass, it 
is necessary to sensitively plan its use in such a 
way that other important ecosystem services are 
preserved in the given place. Biomass can be pro-
duced as the secondary product for example after 
logging in the form of branches and other wooded 
remains or after harvesting of crops in the form of 
stalks. Approximately 2 million tons of excess parts 
of plants (stalks) can be obtained annually from 
agriculture in Slovakia. Its further use in the form 
of biomass can cover the annual energy consump-
tion of 300,000 households.

It means that it is possible to provide certain regu-
latory and provisioning ES at the same time. How-

ever, biomass can be used as a primary product of 
the ecosystem, and in such case there is a risk anal-
ysis needed in order to safeguard a balanced inte-
grated approach. It is important to find out which 
areas have a great potential to provide biomass. A 
good example of sustainable use of biomass is a 
study concerning the village of Poniky near Banská 
Bystrica, which shows a way of long-term and ef-
ficient processing of biomass and at the same time 
preserving the original ecosystems, their quality 
and thus ensuring the provision of important regu-
latory and cultural ES (Polák et al. 2014).

Results of the evaluation of biomass for energy 
service
Although the potential of agroecosystems is rela-
tively high, current stocks are only in the case of for-
est ecosystems and peatlands. Peatlands should 
be highly protected in view of their small size, as 
they provide to a much greater extent regulatory 
ES that far exceed the value of peat provision. The 
total monetary value of the potential of biomass for 
energy service, which counts on an ideal situation 
where all ecosystems and soils are in a favourable 
condition, is 1,441,242,765 EUR per year, but due to 
habitat degradation Slovakia loses about 180 mil-
lion EUR per year (Tab. 20). The index of potential 
has a value of 2.06, the index which expressed the 
supply of this ES is 1.57 index point. A total of 80 dif-
ferent habitats in the EUNIS classification (mainly 
with the index of potential of 1) contribute to the 
provision of biomass for energy service on a total 
area of ​​4,583,596.604 ha/45,835.97 km2.

Tab. 20  Indexes and values of potential and supply in relation to the ES provision of biomass for energy 
divided according to the EUNIS 1 level

BIOMASS FOR ENERGY POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 1.73 8,198,185 1.64 7,273,167

D – Mires, bogs and fens 0.09 458,819 0.09 457,626

E – Grasslands and lands dominated by forbs, mosses 
or lichens

1.00 146,075,475 0.95 140,815,798

F – Heathland, scrub and tundra 1.00 13,581,926 0.97 13,421,736

G – Woodland, forest and other wooded land 1.00 274,336,904 0.33 96,972,213

H – Inland unvegetated or sparsely vegetated habitats 0 16 0 1

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

4.84 975,529,058 4.06 828,053,984

J – Constructed, industrial and other artificial habitats 0.01 173,694 0.01 173,694

X – Habitat complexes 1.83 22,888,688 1.83 22,888,688

Total: Weighted average over ecosystem area/Total 
value in EUR

2.06 1,441,242,765 1.57 1,257,531,997
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The potential of the biomass for energy provision 
in Slovakia (Fig. 34) is slightly significant and most 
ecosystems are able to provide this ES to a limited 
extent. They are dominated by arable land in the 
southwestern and southeastern part of Slovakia, 
but important are also forest and non-forest eco-
systems, which produce the biomass for energy 
service in a slightly smaller quantity.
After taking into account soil fertility and condi-
tion of ecosystems, the provision of this service 

is slightly different and it is produced to the maxi-
mum extent only by ecosystems on a smaller part 
of the most fertile arable lands in the Podduna-
jská nížina lowland, Východoslovenská nížina low-
land and Košická kotlina basin (Fig. 35). However, 
for the interpretation of this data it is necessary to 
remember  that only a small part of the potential 
produced biomass can be used and a large part 
of the biomass remains unused or is used as an-
other provisioning, regulatory or cultural service.

Fig. 34 Map of potential for provision ES biomass for energy

Fig. 35  Map of supply of ES biomass for energy in relation to the quality of ecosystems
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​3.3.2.3	 Fodder (feed for cattle and other livestock)

The provision of fodder service in Slovakia has a 
similar value of the potential as the provision of 
crops or the provision of biomass for energy ser-
vice, because of it is provided by essentially iden-
tical ecosystems. The base of fodder consists of 
fodder cultivated on an arable land, on perma-
nent grasslands, further on areas where fodder 
is obtained as a by-product of plant production 
(stalk, etc.) and on non-agricultural areas, e.g. wa-
tercourse and reservoir’s dams from where the 
fodder is obtained (Holúbek et al. 2007). The wild-
life food base is mainly provided by various non-
forest and forest ecosystems in Slovakia.

Results of the evaluation of the fodder service
Arable land is the most important ecosystem for 
the provision of the fodder service (Tab. 21). The 

potential´s index assessment confirms the highest 
potential of grassland habitats and a lower index 
value of the potential occurs in altered ecosys-
tems (X Habitat Complexes), built-up areas and 
areas most affected by man. Due to the degra-
dation of ecosystems, Slovakia loses 104 million 
EUR per year (as it can be seen in comparison of 
the potential and the supply in Tab. 21). The total 
index value of potential of fodder service is 2.32, 
the supply is set up to 1.83 index point. In econom-
ic terms, the total potential of Slovakia´s ecosys-
tems to provide this service is 1,140,905,050 EUR 
per year (Tab. 21). Fodder provisioning through 
ecosystems is provided in various qualities on an 
area of ​​4,467,647.11 ha/44,676.47 km2 by 72 dif-
ferent ecosystems.

Tab. 21 Indexes and values of potential and supply in relation to the ES provision of fodder divided 
according to the EUNIS 1 level

FODDER POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.49 866,944 0.46 13,698,312

D – Mires, bogs and fens 3.82 1,133,264 3.68 9,882,409

E – Grasslands and lands dominated by forbs, mosses 
or lichens

2.27 44,527,509 2.22 312,255,429

F – Heathland, scrub and tundra 0.90 287,389 0.36 3,157,275

G – Woodland, forest and other wooded land 1.00 110,236,147 0.33 83,861,474

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

4.84 975,529,058 4.6 769,810,069

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 2.28 8,324,739 2.28 52,364,491

Total: Weighted average over ecosystem area/Total 
value in EUR

2.32 1,140,905,050 1.83 1,245,029,459

Ecosystem service fodder is provided mainly by 
fertile parts of Slovakia on an arable land (Fig. 36 
and Fig.37), ecosystems of meadows and pastures 

are especially important. The fodder provisioning 
service is directly linked to livestock provision.
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Fig. 36 Map of potential for provision ES fodder

  Fig. 37 Map of supply of ES fodder in relation to the quality of ecosystems
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​3.3.2.4	 Livestock 

The provision of domestic cattle in Slovakia is 
tied mainly to grassland habitats. Unlike the fod-
der service, the breeding domestic livestock is 
not fundamentally affected by arable land, on 
which, however, the feed for livestock itself is also 
partially cultivated. Grazing or mowing plays an 
important role as a maintenance management 
measure for the common, as well as rare ecosys-
tem in Slovakia. At present, most cattle are bred 

in eastern Slovakia, sheep breeding dominates in 
the area of ​​central Slovakia and pig breeding in 
western Slovakia (Horalová & Dráb 2018).

Results of the evaluation of domestic livestock 
provisioning service 
Nationwide, 46 different habitats contribute to the 
potential provision of the domestic livestock ser-
vice on an area of ​​1,201,971.34 ha/12,019.71 km2.

Tab. 22  Indexes and values of potential and supply in relation to the ES provision of livestock domestic 
divided according to the EUNIS 1 level

PRODUKCIA DOMÁCEHO DOBYTKA POTENTIAL SUPPLY

EUNIS level 1 classification
Value in 

EUR
Index average

Value in 
EUR

Index average

C – Inland surface waters 0.23 8,414,383 € 0.2 7,355,686 €

D – Mires, bogs and fens 1.91 6,084,622 € 1.77 5,831,197 €

E – Grasslands and lands dominated by forbs, mosses 
or lichens

3.17 528,777,181 € 3.13 522,466,624 €

F – Heathland, scrub and tundra 0.39 3,981,932 € 0.36 3,806,893 €

G – Woodland, forest and other wooded land 0 0€ 0 0€

H – Inland unvegetated or sparsely vegetated habitats 0 0€ 0 0€

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0 0€ 0 0€

J – Constructed, industrial and other artificial habitats 0 0€ 0 0€

X – Habitat complexes 1.43 54,996,091 € 1.43 54,995,392 €

Total: Weighted average over ecosystem area/Total 
value in EUR

0.72 602,254,209 € 0.71 594,455,792 €

In terms of both potential and supply, it is nec-
essary to emphasize the value of all grassland 
habitats that contribute to the provision of this 
ES with a relatively high index value (3.17 and 3.13) 
compared to other ecosystems (Tab. 22). In terms 
of the quality of habitats which provide domestic 
livestock service, it is important to mention peat-
lands and moors, with an index value of potential 
of 1.9, which are extremely valuable for this ser-
vice. Habitat type E2.1 Permanent mesotrophic 
pastures and aftermath-grazed meadows and 
E2.22 Sub-Atlantic lowland hay meadows have 
the highest index value of potential among the 

EUNIS category E of habitat types, as well as hab-
itats of landscape mosaic with forest elements 
and pasture forests among the EUNIS category 
X. From a national perspective, the index value of 
both potential and supply of domestic livestock 
service is very low, only 0.72 index point. The eco-
nomic value of services provided by ecosystems 
in a favourable condition is 602,254,209 EUR per 
year. As this service provides mostly man-influ-
enced ecosystems outside protected areas, the 
extent of their degradation is relatively difficult to 
measure. 
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DOMESTIC LIVESTOCK POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.23 8,414,383 0.2 7,355,686

D – Mires, bogs and fens 1.91 6,084,622 1.77 5,831,197

E – Grasslands and lands dominated by forbs, mosses 
or lichens

3.17 528,777,181 3.13 522,466,624

F – Heathland, scrub and tundra 0.39 3,981,932 0.36 3,806,893

G – Woodland, forest and other wooded land 0 0 0 0

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horticul-
tural and domestic habitats

0 0 0 0

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 1.43 54,996,091 1.43 54,995,392

Total: Weighted average over ecosystem area/Total 
value in EUR

0.72 602,254,209 0.71 594,455,792

The breeding of domestic cattle does not funda-
mentally affect the grassland on which the fodder 
is grown. For this reason, the map view of Slova-
kia in Fig. 38 is not dominated by the agricultur-
al areas of our largest lowlands and basins, but 
by the variously distributed lowland and foothill 
meadows and pastures. Especially the central 
and eastern part of Slovakia has the great poten-
tial for cattle breeding, which is also documented 
by historical aspects and developments. Herds of 

sheep and cattle were the most numerous here 
and the land was managed and farmed with their 
help in the past. Today, it is problematic to main-
tain these areas despite the efforts to maintain the 
many grassland ecosystems through subsidies, 
but these are not sufficient and the mentioned 
ecosystems further degrade. Comparing Fig. 38 
and Fig. 39 it is evident that the quality area for 
the provision of domestic livestock service has 
decreased significantly.

  Fig. 38  Map of potential for provision ES livestock domestic
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Fig. 39 Map of supply of ES livestock domestic  in relation to the quality of ecosystems

​3.3.2.5	 Fibre

Natural fibres (not including provisioning services 
wood and firewood - these have separate catego-
ries and do not overlap with this ES) are an im-
portant ES provided by ecosystems to humans 
in the long term. The fibre provisioning service 
originates as a by-product in the manufacturing of 
other wooden-made products mainly. Natural fi-
bres are divided into vegetable fibres (cotton, flax, 
hemp, jute, wood pulp and others) and animal fi-
bres (wool). The value of some has lost some of its 
former significance over time and their provision 
is declining (e.g. sheep’s wool), replaced by man-
made fibres in the textile and clothing industry. 
However, some fibres still form an important part 
in the manufacture (wood fibre). Fibers are gener-
ally part of agricultural crops, so the largest share 
of its potential provision is represents by arable 
land.

Results of the evaluation of the fibres provision-
ing service
Before assessing the results it should be noted 
that the evaluation of the fibre provisioning ser-
vice is based on the assumption that also crops 
that provide useful fibres can be grown on ar-
able land, but in reality such crops are in Slovakia 
grown in very limited quantities only. Agroecosys-
tems are represented by the highest value of an 
index of potential for provision of the fibre service 
- up to 4.84 index points. Arable land is followed 
by habitat complexes and forest ecosystems. A 
total of 29 habitats with an area of ​​3,321,650.047 
ha/33,116.5 km2 contribute to the potential provi-
sion of this service. The resulting average index 
of potential is 1.84 and an index of supply is 1.37 
(Tab. 23).
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Tab. 23 Indexes and values of potential and supply in relation to the ES provision of fibre divided 
according to the EUNIS 1 level

FIBRE POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0.07 40,226,968 0.07 39,165,000

D – Mires, bogs and fens 0 0 0 0

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 0 0 0

F – Heathland, scrub and tundra 0 0 0 0

G – Woodland, forest and other wooded land 1.00 7,738,758,708 0.33 5,207,808,994

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

4.84 27,895,933,463 4.60 23,678,780,930

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 3.43 830,948,718 3.43 830,948,718

Total: Weighted average over ecosystem area/Total 
value in EUR

1.84 36,505,867,857 1.37 29,756,703,642

The total economic value of the potential of this 
service is 36,505,867,857 EUR per year (Tab. 23), 
but due to the degradation of ecosystems and 
lower soil fertility in certain localities, the value 
decreases by 6.8 billion EUR per year. This differ-
ence shows a high economic loss caused by the 
poor condition of ecosystems and the reduced 
soil fertility in Slovakia over time.

The map of ecosystems that have a high poten-
tial of provision of fibre service (Fig. 40) contains 
intensive agricultural areas in Poddunajská nížina 

lowland and Východoslovenská nížina lowland, in 
the west arable land of Záhorská nížina lowland, 
Myjavská pahorkatina upland, Trnavská pahorkay-
ina upland and Nitrianska pahorkatina upland, in 
central Slovakia there are the basins Ipeľská kot-
lina, Lučenecká kotlina and Rimavská kotlina, in 
the east Slovakia Košická kotlina basin. In addition 
to an arable land ecosystems, forest ecosystems 
provide this service, too. After assessment of the 
quality of ecosystems, the map of the fibre sup-
ply (Fig. 41) shows a decrease in the areas which 
provide this service.

  Fig. 40 Map of potential for provision ES fodder
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Fig. 41 Map of supply of ES fodder in relation to the quality of ecosystems

​3.3.2.6​	 Timber

Wood is an important raw material in Slovakia, 
which, as one of the few products provided by 
forest ecosystems, is currently actually mon-
etized and brings direct financial benefits or em-
ployment. The use of wood in various sectors of 
the economy and social life is also related to the 
country’s traditions. These relate to the use of 
wood in construction, in the cultural use of paper 
products (Paluš 2013). Wood provision within the 
meaning of this assessment is wood that is suit-
able for further processing (e.g. cut-outs, boards, 
prisms) and does not include the production of 
firewood and pulp (separate assessments are 
processed for these ES and do not overlap).

Unlike the production of other crops, wood grows 
only very slowly and over a long period of time. 
Logging is a typical activity that uses one ES at 
the expense of several regulatory, production and 
cultural ES (trade-offs) and therefore it is neces-
sary to set the right limits and spatial distribution 
of logging in a way as to preserve other necessary 
ES as much as possible and at the same time en-
sure a sufficient wood production. However, this 
planning process is demanding and often not set 
appropriately at the local level, or is the result of 
natural disasters, windstorms and calamities re-
lated to inappropriate tree species composition. 

In those cases, there is a temporary or permanent 
deterioration of ecosystems, which is reflected in 
the quality and quantity of the provision of most 
ES, in particular protection against natural disas-
ters, erosion protection. It also affects other regu-
latory, provisioning and cultural ES.

Results of the evaluation of wood provisioning 
service
The results evaluate the provision of wood not 
only in places registered as forest stands within 
the registered forest land, but in all parts of Slova-
kia, where there is a more continuous forest stand 
outside the forest land fund (accurately recorded 
on a map). This  brings a new knowledge into the 
national perspective.

The total potential for the provision of ES timber 
provision was calculated at 1.89 index point, which 
represents an important value of the index, if we 
take into account that the ES is mainly provided 
by only one group of ecosystems - forests and 
forest stands. In total, there are 28 different for-
est habitats in EUNIS categorization on an area 
of ​​1,927,097.074 ha / 19,270.97 km2 with an index 
for potential of up to 4.99, and these ecosystems 
cover a large part of Slovakia (potential map in Fig. 
42). After assessing the quality of ecosystems, the 
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total service provision is lower by 0.41 index point, 
which represents an annual loss of approximately 
4 billion EUR out of the total economic value of the 
potential of 22,163,258,160 EUR per year (Tab. 24). 
The highest value of potential expressed in mon-
etary units is in case of the habitat G1.63 Medio-
European neutrophile beech forests - 11.7 billion 

EUR per year, then G1 .A16 Sub-continental oak 
- hornbeam forests approximately  3 billion EUR 
per year, G1.61 Medio-European acidophilous 
beech forests - 1.6 billion EUR per year and G1.66 
Medio-European limestone beech forests - 1.6 
billion EUR per year.

Tab. 24 Indexes and values of potential and supply in relation to the ES provision of timber  divided 
according to the EUNIS 1 level 

TIMBER POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0 0 0 0

D – Mires, bogs and fens 0 0 0 0

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 0 0 0

F – Heathland, scrub and tundra 0 0 0 0

G – Woodland, forest and other wooded land 4.99 22,163,258,160 3.92 18,211,168,466

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0 0 0 0

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0 0 0 0

Total: Weighted average over ecosystem area /
Total value in EUR

1.89 22,163,258,160 1.48 18,211,168,466

The high potential of wood provision in the Slo-
vak Republic is represented by the areas of dark 
brown colour in Fig. 42. They can be seen in west-
ern Slovakia along watercourses and in a detailed 
view as small or even larger areas distributed 
throughout Slovakia,  originally overgrown by pas-
tures or as newly formed forest. The potential has 
long been the largest in central Slovakia.

The main interventions in the existing forest eco-
systems were taken into account in methodologi-
cal approach and therefore the difference be-

tween the potential in Fig. 42 and wood supply in 
Fig. 43. is evident. The age of the forest ecosystem 
and previous interventions are decisive criteria in 
the quantity / quality of timber provision, the area 
is important in terms of quantity. In the evaluation, 
all these criteria were taken into account and thus 
provide a comprehensive picture of the current 
situation in the provision of this provisioning ser-
vice. It is important to realize that forest ecosys-
tems provide humans with several key regulatory 
ES (a total of 9 ES with an index for potential often 
greater than or equal to 3 on a scale of 1-5).
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Fig. 42 Map of potential for provision ES timber

Fig. 43 Map of supply of ES fodder in relation to the quality of ecosystems
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​3.3.2.7	 Wood Fuel

Firewood is a product of forest ecosystems, usu-
ally harvested in combination with the production 
of wood for timber production purposes. After har-
vesting of timber, a suitable wood mass from thick-
er branches remains, which can be used as fuel. 
Timber not suitable due to unsuitable tree trunks 
or types are also often used exclusively for fire-
wood production purposes. Thus, it is raw wood, 
which is used for energy production in plants and 
households (Paluš 2013). The assessment of this 
ES is therefore not a duplicate assessment of ES 
timber production and ES fiber production, but it is 
a complementary ES, which does not overlap with 
these ES. It is therefore necessary to take into ac-
count the fact that this ES does not overlap with 
the ES assessing wood production, as this ser-

vice assesses wood that can be used for products 
(boards, prisms, quality cut-outs, etc.), while this 
ES it is precisely the part of biomass that cannot 
be used for such a purpose, because it does not 
meet the necessary quality parameters.

Results of the evaluation of wood fuel provi-
sioning service
The calculations included mainly forest ecosys-
tems, but also xerothermic and heathland eco-
systems or habitat complexes that participate in 
the provision of services with a value of 1.94 index 
point for potential (Tab. 25). A total of 39 habitats 
(EUNIS) contribute to the potential provision of the 
ES on an area of ​​2,075,509.174 ha / 20,755.09 
km2.

Tab. 25 Indexes and values of potential and supply in relation to the ES provision of wood fuel divided 
according to the EUNIS 1 level

WOOD FUEL POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 0 0 0 0

D – Mires, bogs and fens 0 0 0 0

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 0 0 0

F – Heathland, scrub and tundra 1.39 489,964,106 1.35 484,280,586

G – Woodland, forest and other wooded land 4.99 38,637,693,738 3.92 31,747,929,149

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0 0 0 0

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0.86 207,737,179 0.86 207,737,179

Total: Weighted average over ecosystem area / Total 
value in EUR

1.94 39,335,395,023 1.53 32,439,946,914

The total monetary value of the ES firewood provi-
sion potential of forest ecosystems is higher than 
the prices used to calculate ES timber production 
due to the fact that in terms of biomass acces-
sibility, there is more biomass in the ecosystems 
providing this ES that is not suitable for construc-
tion purposes in high quality, but on the contrary 
exceeds biomass, which is suitable for use as fire-
wood and hence the overall higher value of this 
ES. Moreover, it is often a product that is produced 
in areas that are not forest land and it is here that 
wood quality is often particularly suitable for use 
as firewood. As a result of habitat degradation, 
Slovakia loses approximately EUR 6 billion per 
year out of a total of 39,335,395,023 EUR per year. 
The highest value of potential expressed in mon-
etary units is in case of the habitat G1.63 Medio-
European neutrophile beech forests 20.4 billion 

EUR per year, followed by G1. A16 Sub-continen-
tal oak - hornbeam forests with 5.2 billion EUR 
per year, G1.61 Medio-European acidophilous 
beech forests with 3.2 billion EUR per year and 
G1.66 Medio-European limestone beech forests 
2.8 billion EURyear.

Map expression of the potential of firewood provi-
sioning service in Fig. 44 shows its extensive pro-
vision by ecosystems within the Slovak Republic 
(also relatively high quality). It mainly concerns 
mountains and hilly areas, but also the edges of 
watercourses that line forest or shrub habitats 
or various ecotones between grass-herbaceous 
and forest ecosystems or agroecosystems. After 
taking into account the quality of ecosystems (on 
the supply map Fig. 45) there was a significant de-
crease in the provision of this ES.
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Fig. 44 Map of potential for provision ES wood fuel

Fig. 45 Map of supply of ES wood fuel in relation to the quality of ecosystems
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An inappropriate example of the use of this ES 
may be the felling of trees for combustion around 
roads and streams where they strengthen the 
slopes, and after their removal, erosion or felling 
of draws may occur in fields and pathways that 
are important ecotones for insects and other ani-
mals. Like other provisioning services, ES produc-

tion of firewood is often used at the expense of 
more important regulatory services (microclimate 
regulation, air quality, erosion, natural disasters, 
etc.) and its long-term sustainable use needs to 
be achieved, especially by appropriate selection 
of sites for ES supply and sensitive and individual 
interventions in the forest stands.

​3.3.2.8	 Fish

When assessing ES fish production, it is necessary 
to take into account those species of fish that are 
normally consumed, for which there is a demand 
and enter the food market. In Slovakia, fishing has 
an important position in terms of organization and 
legislation. Fish farming, recreational and sport 
fishing are represented, but scientific interest in 
ichthyological surveys and the dissemination of 
knowledge about the ecology and ethology of all 
species of fish living in Slovakia also plays an im-
portant role. However, scientific interest in fish is 
not part of the assessment of this ES.

According to national law Act No. 216/2018 Coll. 
on fishing,  Slovak waters are divided according 
to the species of fish that live in them into carp 
waters (watercourses in the lowland zone), trout 
waters (especially torrents, mountain streams and 
foothill streams, upper sections of rivers) and lin-
den waters (foothill sections of streams, rivers and 
secondary trout zones under water reservoirs). 
In 2015, an extensive ichthyological monitoring 
took place in Slovakia, during which 522 locali-
ties were mapped. The results showed that only 

in about one third (34.7 %) of water bodies in Slo-
vakia the state of ichthyocenoses meets the crite-
ria set by the European Commission (in terms of 
Water Framework Directive). On the contrary, up 
to a third (33.7 %) of water bodies in Slovakia have 
the state of fish communities in poor or very poor 
condition (Kováč & Jakubčinová 2015).

Results of the evaluation of fish provisioning 
service
Slovakia has a relatively dense river network and 
the amount of stagnant waters, but their area is 
low compared to the area of ​​the whole country 
and therefore the total potential index (weighted 
average) has a very low value of 0.04 index point. 
The monetary value of the potential is calculated 
on 4,994,591 EUR per year (Tab. 26). C1.3 Perma-
nent eutrophic lakes, ponds and pools and C1.2 
Permanent mesotrophic lakes, ponds and pools 
have the highest potential expressed in monetary 
units. 8 habitats (with an index for potential 3 to 
4) contribute to the provision of ES fish provision 
nationwide.

Tab. 26  Indexes and values of potential and supply in relation to the ES provision of  fish divided 
according to the EUNIS 1 level

FISH POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 2.63 4,994,574 2.54 4,739,548

D – Mires, bogs and fens 0 0 0 0

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 0 0 0

F – Heathland, scrub and tundra 0 0 0 0

G – Woodland, forest and other wooded land 0 0 0 0

H – Inland unvegetated or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0 0 0 0

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0 0 0 0

Total: Weighted average over ecosystem area / Total 
value in EUR

0.04 4,994,574 0.04 4,739,548
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Western Slovakia (Fig. 46), especially the Žitný os-
trov island area, appears to be the most important 
area in terms of the potential for providing ES fish, 
mainly due to the large number of water bodies 
located in this part of the republic. Locally and 
qualitatively, large reservoirs such as the Orava 
Reservoir, Liptovská Mara or Zemplínska Šírava 
are important. To the east, the amount of potential 
resources provided by the ES is decreasing. Wa-

tercourses, resp. aquatic habitats are endangered 
mainly by human activity such as damming of riv-
ers, regulation of river beds (straightening), con-
struction of water canals, their use for transport, 
energy, agriculture, eutrophication, contamina-
tion and spread of invasive species. After taking 
into account the degree of degradation, aquatic 
ecosystems also contribute to a large extent to ES 
supply (Fig. 47). 

Fig. 46 Map of potential for provision ES fish

Fig. 47 Map of supply of ES  fish in relation to the quality of ecosystems
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​3.3.2.9	 Wild foods & resources

The collection of wild crops such as mushrooms, 
medicinal plants, various fruits and game hunting is 
an important provisioning ES that ecosystems can 
provide to humankind in the long run. Consumption 
of these products is not negligible and the number 
of people involved in the collection of forest fruits is 
relatively high, as well as the number of hunters. Col-
lecting mushrooms and berries is not just a source 
of food in sense of nutritional and economic benefits 
for humans, it also includes cultural and traditional 
aspect. The collection of wild crops and herbs is as-
sociated with a stay in nature, which is a tradition of 
either urban or rural people. It supports the relation-
ship with nature, forest fruits often serve as decora-
tive materials used seasonally. Wild crops and wild-
life are thus a source of cultural heritage, and some 
authors also define this service as cultural ES (King 
et al. 2015). For the purpose of this assessment, how-
ever, we focus purely on production aspect of this 
ES, cultural aspect is not taken into account. The use 
of this ES can be found in every country in the form 
of traditional national cuisine. Within the EU, 26 spe-
cies of birds and 12 species of mammals are hunted 
and consumed (Schulp et al. 2014). In Slovakia, these 
are mainly hunting species of wild game: red deer 
(Cervus elaphus), roe deer (Capreolus capreolus), wild 
boar (Sus scrofa) and pheasant (Phasianus colchicus). 
The breeding of game in the menagerie is also pres-
ent, but this assessment deals mainly with game that 
is reared and supported by ecosystems and is its in-
tegral part.

Thanks to the varied natural plant richness in Slova-

kia, people keep a tradition of collecting medicinal, 
ubeneficial and aromatic plants. In times of poor 
crop production and war, people sought wild fruits 
as a source of food (e.g. acorns) and in the 17th cen-
tury, during the 30-year war, people made flour out 
of wild pears (Zdycha et al. 2008). The glorious past 
of Slovak herbalism and oil making dates back to the 
14th century, in the 18th century the well-known title 
“Zelinkár” (Fándly 1793) was published. Harvesting 
plants as a valuable resource for the treatment of 
various diseases is a combination of knowledge of 
nature and efforts to use it for the benefit of humanity 
(Macků & Mokrý 1957).

Results of the ES evaluation of wild foods & re-
sources service
Almost all groups of ecosystems in Slovakia partici-
pate in the provision of ES wild crops. It should be 
noted that these are products that the ecosystem 
provides naturally, without human intervention, and it 
is therefore important to use them wisely in terms of 
sustainability, so as not to deplete them and thus de-
grade or destroy the ecosystem that provides them.
The monetary value of ES according to Frélichová 
et al. (2014) is low - € 57.23/ha, the potential is 3.25 
index points. For forest ecosystems, in Tab. 27  the 
decline in the average quality index is visible due 
to the degradation of ecosystems in certain places. 
The total potential economic value of ecosystems 
providing the ES is estimated at 308,866,499 EUR 
per year. The most important providers of this ES are 
forests ecosystems, grassland and herb ecosys-
tems and surface aquatic ecosystems.

Tab. 27 Indexes and values of potential and supply in relation to the ES provision of wild foods 
& resources divided according to the EUNIS 1 level

WILD FOODS & RESOURCES POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 3.61 3,536,229 3.49 3,292,371

D – Mires, bogs and fens 1.00 399,740 0.87 371,689

E – Grasslands and lands dominated by forbs, mosses 
or lichens

4.71 92,570,393 4.66 91,806,655

F – Heathland, scrub and tundra 0.78 964,845 0.74 938,407

G – Woodland, forest and other wooded land 4.98 181,641,415 3.91 148,930,376

H – Inland unvegetated or sparsely vegetated habitats 0.01 9 0.01 9

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0.97 26,496,743 0.97 26,496,743

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 1.08 3,257,126 1.08 3,257,126

Total: Weighted average over ecosystem area / Total 
value in EUR

3.25 308,866,499 2.83 275,093,375
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The map of the potential for ES wild foods( (Fig. 
48) shows that practically the entire territory of 
the Slovak Republic participates in the provision 
of this service, with the exception of settlements 
where the provision is negligible. In central Slo-
vakia, ecosystems (especially forests) of hills and 
mountains are represented, which participate in 
the provision of services of the highest quality 
and quantity. After taking into account the qual-
ity of ecosystems on the supply map (Fig. 49) the 

decrease of ecosystems for ES provision can be 
seen, but due to the high capacity of the area, this 
is not a significant difference.

This provisioning service is not as important for 
man and the economic economy of the country 
as the production of wood, crops or drinking wa-
ter, but it is still a major contributor and deserves 
its appreciation.

Fig. 48 Map of potential for provision ES wild foods & resources

Fig. 49 Map of supply of ES wild foods & resources  in relation to the quality of ecosystems
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3.3.2.10	 Freshwater

“Water is not a commercial product like other prod-
ucts but rather a heritage that needs to be protect-
ed, defended and treated as such” according to the 
Directive of the European Parliament and of the 
Council in the field of water management (Directive 
2000/60/EC). The production of water (drinking 
and utility water) is the most important production 
of the ES, because man is directly and indirectly de-
pendent on it. Man’s daily needs and activities are 
closely linked to the provision of water, whether it is 
for direct consumption, domestic use or in all sec-
tors of the economy and industry. Not only humans 
but also all ecosystems are dependent on water and 
its availability and quality can therefore be a limiting 
factor for the provision of all other provisioning, reg-
ulatory and cultural ES. Climate change, pollution 
of water resources, increasing water consumption 
in households and industry may threaten its sup-
ply from natural sources in the future. To preserve 
quality water resources, the European Commission 
has therefore decided to legislate and present the 
Water Framework Directive (2000). Based on the re-
sults of reports on the water balance of surface and 
groundwater (SHMÚ 2018a, SHMÚ, 2018b), it can be 
stated that in Slovakia approximately one third of 
watercourses / sources are in positive balance, one 
third are in tension and one third in passive (nega-
tive) balance. From the point of view of this service, 
those ecosystems that participate in the forma-
tion of surface water were taken into account and 
groundwater reserves and processes of groundwa-
ter creation were not evaluated due to the demand-
ing and comprehensive definition of those ecosys-

tems that participate in water generation. Therefore, 
it is necessary to take into account the fact that the 
assessment focuses only on the partial production 
of surface waters and not on groundwater.

Results of evaluation of ES freshwater provision-
ing service
Slovakia has a relatively large number of surface 
water resources in good quality, which is proved 
not only by the results of the balance assessment 
of water quality mentioned above, but also in terms 
of assessment of ecological status, most aquatic 
habitats are in favourable condition. Nevertheless, 
the resulting index of ES water provision potential 
is very low - only 0.06 index point (Tab. 28). This is 
a consequence of the small area of ​​surface water 
resources - 68,262.75 ha, which is approximately 
1.4 % of the area of ​​the Slovakia. In the overall as-
sessment, the potential index is equal to the pro-
duction index, and in monetary value this means 
only an insignificant difference. The total monetary 
value of the potential is 2,127,712 EUR per year.

Nationwide, 11 habitats (7 aquatic, 3 habitats of peat-
lands and uplands - EUNIS) with an area of ​​40,672.2 
ha participate in the provision of ES surface water 
production (with a quality index for potential higher 
than 0). There are other ecosystems in question 
that the Burkhard matrix does not list as potential 
producers, but it is certain that they are involved in 
water production to some extent. However, from the 
point of view of consistent evaluation, we take into 
account the data in the matrix primarily as published.

Tab. 28 Indexes and values of potential and supply  in relation to the ES provision of freshwater divided 
according to the EUNIS 1 level

FRESHWATER POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 4.34 2,110,051 4.25 2,033,153

D – Mires, bogs and fens 0.04 17,655 0.04 17,604

E – Grasslands and lands dominated by forbs, mosses 
or lichens

0 0 0 0

F – Heathland, scrub and tundra 0 0 0 0

G – Woodland, forest and other wooded land 0 0 0 0

H – Inland bare or sparsely vegetated habitats 0 0 0 0

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

0 0 0 0

J – Constructed, industrial and other artificial habitats 0 0 0 0

X – Habitat complexes 0 0 0 0

Total: Weighted average over ecosystem area / Total 
value in EUR

0.06 2,127,706 0.06 2,050,757
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A map comparison of potential (Fig. 50) and sup-
ply (Fig. 51) confirms the results above. Slovakia has 
a high potential in terms of quality surface water 
resources and after taking into account the qual-
ity of aquatic ecosystems, the provision of ES does 
not change significantly. Quantitatively, most water 

resources and bodies are located in western Slova-
kia and are declining to the east. At the same time, 
however, much more support must be given to wa-
ter retention measures in the country through the 
protection of natural ecosystems, especially wet-
lands, but also forest and non-forest habitats.

Fig. 50 Map of potential for provision ES freshwater

Fig. 51 Map of supply of ES freshwater in relation to the quality of ecosystems
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​3.3.3	 Cultural ecosystem services 

Cultural ES are services that provide people with 
intangible benefits from ecosystems through spir-
itual enrichment, cognitive development, reflec-
tion, and recreational and aesthetic experiences 
(MEA 2005). However, compared to provisioning 
and regulatory services, cultural ES have not yet 
been effectively integrated into ES evaluation 
methodologies. One of the reasons is that trans-

disciplinarity is needed to solve the problem, be-
cause cultural ES (including physical, intellectual, 
spiritual interactions with biota) must be analysed 
from several perspectives (i.e. ecological, social, 
behavioural). The second reason is the lack of 
data from larger evaluations, as mainly regional 
surveys are the main source of information on cul-
tural ES (Paracchini 2014).

​3.3.3.1	 Recreation and tourism

Recreation and tourism are an important part of 
the economy, but in addition to the economic 
importance of this sector, they also contribute to 
improving the quality of life (Bratman et al. 2019), 
overall well-being and education. It is mainly 
the use of land for various recreational activities 
such as hiking, running, horseback riding, swim-
ming and others that also bring direct econom-
ic benefits. In the future, the share of tourism in 
gross domestic product is expected to increase 
and especially nature-oriented tourism to grow 
(Mehmetoglu 2007). ES assessment, mapping 
and quantification is often problematic due to the 
dynamic relationship between humans and eco-
systems over time. The economic benefits of rec-
reation (Mayer & Woltering 2018) are, of course, 
only one way of measuring the importance of the 
ES. Factors that significantly affect the ES include 
in particular the attractiveness of the landscape, 
the occurrence of protected areas and water ar-
eas, the type of relief, the degree of naturalness, 
accessibility and socio-demographic variables of 
potential users. These are mainly the attributes of 
the environment, which influence, depending on 
the specific activities of visitors, the decision on 
the choice of destination (water quality, occur-
rence of target species, diversity of habitats but 
also infrastructure and cultural attractions, etc.). 
Land use, e.g. investment in infrastructure or log-
ging can have a major impact on the number and 
quality of service users, the length of their stay 
and their recreational experience (see, for exam-
ple, Czeszczewik et al. 2019).

In the specific context of ecotourism, certain posi-
tive results have been recorded in connection with 
the appropriate setting of forestry. For example, 
forest roads improve access to ecotourism areas 
and small natural features can increase visibility 
and be used as a resting place (for more informa-
tion on the effects of forests on visitors’ experienc-
es, see Brunson (1996) and Mattson & Li (1994)). 

Simply said, ecotourists are motivated to experi-
ence a natural environment that is perceived as 
intact and generally untouched. Although some 
levels of environmental degradation may be 
overlooked or tolerated, a greatly degraded land-
scape will be uncomfortable for most visitors. 
”Clark suggests (1987), the most important ques-
tion is not whether ecotourism should be integrat-
ed with other resource uses, but where, when and 
how this integration can be achieved. On the other 
hand, mass and concentrated tourism is putting 
pressure on ecosystems and gradually degrading 
them, thus at the same time worsening its ability 
to provide this ES with high quality. Therefore, it is 
essential that recreation and ecosystem tourism 
are balanced and do not exceed the carrying ca-
pacity of the area / ecosystem.
Results of the evaluation of recreation and tour-
ism service
Compared to regulatory and provisioning ES, all 
ecosystem groups (according to EUNIS level 1 
categorization) with a potential index higher than 1 
participate in the provision of recreation and tour-
ism services, even parts of urban areas (the index 
increases especially rural settlements) have the 
potential for provision 2, 51 index point (Tab. 29). 
The potential index is ideally 3.13 and the sup-
ply index is 2.72. Natural forest and non-forest 
ecosystems have the highest potential in terms 
of acreage. Wetland habitats (category D in the 
sense of EUNIS) represent equally attractive lo-
calities for recreation and tourism, but their area 
is low - they occupy only 0.43% of the area from 
the territory of the Slovak Republic. The expres-
sion in monetary units is very similar to the index. 
The total economic potential for the provision of 
ES recreation and tourism in the Slovak Republic 
is estimated at 11,346,479,255 11 EUR per year, but 
due to the degradation of ecosystems in the Slo-
vak Republic it loses 1.3 billion EUR annually.
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Tab. 29 Indexes and values of potential and supply in relation to the ES provision of  recreation and 
tourism divided according to the EUNIS 1 level

RECREATION AND TOURISM POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 3.63 151,581,290 3.52 142,244,463

D – Mires, bogs and fens 1.09 17,685,969 0.96 16,609,530

E – Grasslands and lands dominated by forbs, mosses 
or lichens

2.90 2,204,028,640 2.85 2 174,779,916

F – Heathland, scrub and tundra 3.39 230,274,512 3.35 229,241,328

G – Woodland, forest and other wooded land 4.99 7,059,339,311 3.92 5,806,875,957

H – Inland unvegetated or sparsely vegetated habitats 2.01 8,662,999 2.00 8,640,632

I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.07 1,019,841,762 1.07 1,019,841,762

J – Constructed, industrial and other artificial habitats 2.51 490,007,866 2.51 490,007,866

X – Habitat complexes 2.03 165,056,904 2.03 165,056,904

Total: Weighted average over ecosystem area / Total 
value in EUR

3.13 11,346,479,255 2.72 10,053,298,359

The maps of potential (Fig. 52) and supply (Fig. 53) 
complement the numerical evaluations in which 
forest ecosystems lead, followed by other non-
forest and aquatic, while the lowest potential for 
ES provision is the ecosystems of agricultural land 

in the southwest and southeast of Slovakia  (Fig. 
52). For non-conflict land use, the system should 
be set so that the value of this ES does not de-
crease, especially in protected areas of Slovakia.

Fig. 52 Map of potential for provision ES recreation and tourism
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Fig. 53 Map of supply of ES recreation and tourism  in relation to the quality of ecosystems

3.3.3.2​	 Landscape aesthetics and inspiration

Different approaches to the landscape imply the 
existence of different directions for perceiving 
and evaluating the landscape. Perception of the 
landscape is closely related to its aesthetics, be-
cause aesthetics is an essential part of our cul-
tural landscape (Svobodová 2011). A certain land-
scape peculiarity, originality, uniqueness is an 
expression of the configuration resulting from the 
original structure of natural landscape types, the 
composition resulting from human artifacts and 
the arrangement of the current landscape struc-
ture (Supuka 2004). In general, the beneficiaries 
of this ES benefit sensitively perceive and evalu-
ate different types of landscapes and landscape 

features. Perspectives on the positive perception 
of the landscape are individual according to the 
psychological and physiological characteristics of 
observers - e.g. the agricultural landscape is per-
ceived more positively by older people than by 
younger people (Howley 2011).

Results of the evaluation of landscape charac-
ter, aesthetics and spiritual inspiration services
It must be said that all ecosystems in Slovakia 
contribute to some extent to the provision of ES 
landscape character, aesthetics and spiritual in-
spiration, and therefore the total potential index 
has a value of 3.27 index points (Tab. 30) . 

Tab. 30 Indexes and values of potential and supply in relation to the ES provision of landscape 
aesthetics and inspiration divided according to the EUNIS 1 level

LANSCAPE CHARACTER, AESTHETICS, SPIRITUAL 
INSPIRATION

POTENTIAL SUPPLY

EUNIS level 1 classification
Index 

average
Value in EUR

Index 
average

Value in EUR

C – Inland surface waters 3.72 422,214,889 3,6 394,398,566

D – Mires, bogs and fens 2.00 83,428,486 1.85 80,208,540

E – Grasslands and lands dominated by forbs, mosses 
or lichens

3.81 7,845,835,278 3.76 7,766,095,579

F – Heathland, scrub and tundra 2.78 485,649,087 2.74 482,832,354

G – Woodland, forest and other wooded land 4.99 19,148,709,524 3.92 15,734,165,641

H – Inland unvegetated or sparsely vegetated habitats 3.00 35,425,609 2.99 35,364,629
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I – Regularly or recently cultivated agricultural, horti-
cultural and domestic habitats

1.07 2,780,356,360 1.07 2,780,356,360

J – Constructed, industrial and other artificial habitats 1.68 952,474,563 1.68 952,474,563

X – Habitat complexes 2.00 447,607,666 2.00 447,607,666

Total: Weighted average over ecosystem area / Total 
value in EUR

3.27 32,201,701,462 2.85 28,673,503,897

 
The diversity of the landscape and its elements 
(ecotones, mixed forests, species-rich grassland 
meadows, natural aquatic ecosystems) is of great 
importance in the provision of the ES, while uni-
form ecosystems (monoculture fields, forests, 
permanent grasslands, etc.) provide low value.  
The total supply index is calculated at 2.85 index 
points. Landscape character, aesthetics and spiri-
tual inspiration is the ES, on which people are not 
dependent, they use it more or less free of charge 
and it is not a tradable product, although it indi-
rectly benefits from it, for example in tourism. The 
economic expression of the potential is evaluated 
at 32,201,701,462 EUR per year, after evaluating 
the quality of ecosystems the value decreased to 
28,673,503,897 EUR per year. Forest ecosystems 
(4.99 index point), grassland and herb ecosys-
tems and aquatic ecosystems have the highest 
potential and supply for ES provision in terms of 
quality and quantity.

Protected areas, which are designed for the con-
servation of specific natural and semi-natural eco-
systems (habitats and species), play an important 
role in providing the ES with a landscape, aesthet-
ics and spiritual inspiration. This statement is also 
supported by the assessment of the relationship 
between the ES landscape and the aesthetics and 
significance of the area in terms of nature protec-
tion (Mederly, Černecký et al. 2019), in which there 
was a clear positive correlation, in particular the 
higher the degree of protection of the territory, 
the higher the lanscape capacity to provide ES. 
Based on the map of evaluation of potential (Fig. 
54)  and supply (Fig. 55) it can be said that the 
most interesting areas for ES provision are moun-
tain areas, namely Tatra and Fatra mountains, 
Slovenský raj, Slovenské rudohorie, Strážovské 
vrchy hills, Javorníky, Štiavnické vrchy hills, Malé 
Karpaty, large watercourses such as the Danube 
river, the Váh river,  the Hron river. Lowlands and 
agricultural areas are less important.

Fig. 54 Map of potential for provision ES landscape aesthetics and inspiration
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Fig. 55 Map of supply of ES landscape aesthetics and inspiration in relation to the quality of ecosystems

3.4	 Overall assessment of the benefits of ecosystem services in Slovakia

3.4.1	 Regulatory ecosystem services 

A total of 11 regulatory ecosystem services were 
evaluated. The greatest potential of ecosystems, 
in terms of the assessment of the average index, 
has been calculated for the following ES:
- global climate regulation - 3.25 index point,
- regulation of nutrient circulation - 3.08 index 
point,
- erosion control – 3.01 index point,
- local climate regulation - 2.97 index point.

The above ES would be provided in the highest 
quality if all ecosystems were in favourable condi-
tion. After taking into account the degree of eco-
system degradation, the ES has the highest qual-
ity for following ES:

- global climate regulation - 2.83 index points,
- nutrient regulation - 2.67 index point,
- local climate regulation - 1.61 index point,
- erosion control - 1.58 index point.

Comparison of the average potential indexes is 
shown in Fig. 56 and the supply indexes in Fig. 57 
for all regulatory ES.
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Fig. 56 Comparison of average potential index values of 11 regulatory ES

Fig. 57 Comparison of average supply index values of 11 regulatory ES

Fig. 58 and Fig. 59 show a different view of the comparison of average indexes of regulatory services.

Fig. 58 Comparison of potential  indexes values for 11 regulatory ES
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Fig. 59 Comparison of supply indexes  values for 11 regulatory ES

In terms of quantity, ES regulation of erosion 
control and regulation of water regime are pro-
vided on the largest scale. Both mentioned ES 
are provided on an area of ​​more than 30,000 km2, 
which is approximately ⅔ the area of ​​the Slovak 
Republic. Air quality regulation has the smallest 
area of ​​ecosystems providing regulatory ES (less 
than 20,000 km2).

The map in Fig. 60 contains a summary of all eval-
uated regulatory ES given according to average 

values ​​in individual polygons according to the po-
tential index. When mapping the potential of the 
evaluated regulatory ES, it is evident that forest 
ecosystems dominate in terms of quality. In terms 
of quantity, the situation is more balanced and the 
results also include a relatively high area of ​​non-
forest ecosystems, especially grasslands. The 
lowest values ​​of potential and supply are given for 
ecologically significantly altered ecosystems and 
in urban areas of the Slovak Republic.

Fig. 60 Map of evaluation of the potential for 11 regulatory ES according to the average values of the index
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The summary supply map in Fig. 61 shows the 
difference from the potential (Fig. 60). The deg-
radation and lower quality of ecosystems is sub-
sequently reflected in the quality provided by the 

ES and in the assessment index. The dark green 
areas (quality index 4 - 5) are much less present 
compared to the potential and more yellow areas 
(quality index 2 - 3.99).

Fig. 61 Map of evaluation of the supply for 11 regulatory ES according to the average values of the index

In terms of quality, a significant difference com-
pared to the potential is visible and the highest pro-
vision is maintained mainly by old and preserved 
parts of forest ecosystems, most often occurring 
in protected areas. Most of the remaining areas be-
long to the average. The most important habitats 
that produce regulatory ES in relatively good qual-
ity, but especially on a large area are Ls5.1 Beech 
and fir-beech flower forests (G1.63 Medio-Euro-
pean neutrophile beech forests), irreplaceable 
role is played mainly by older forests and prime-
val forests. Of the non-forest habitats, it is the Lk1 
lowland and foothill meadows (E2.22 Sub-Atlantic 
lowland hay meadows). Wetlands and peatlands 
are important for the quality of regulatory ES provi-
sion, but their size is very small to have a significant 
impact on overall values ​​at national level, however 
the need for their protection is all the greater.

In the case of regulatory ES, an important result is 
the demonstration of the importance of relative-
ly common forest and non-forest habitats in the 
Slovak Republic (especially Ls5.1 and Lk1 habitats), 
which play a key and most important role in pro-
viding evaluated 11 regulatory ES. It is necessary 
to ensure adequate protection, sensitive manage-

ment of these habitats and strive to keep them in 
the best possible condition. This principle is differ-
ent from the nature conservation approach, which 
seeks to protect, in particular, rare and endangered 
habitats in which nature and its components are 
the main client, which is an adequate approach to 
the conservation of biodiversity. In principle, the 
current nature protection setting protects several 
supporting ES, but lacks systematic protection of 
regulatory ES. However, ecosystems providing 
regulatory ES need to be viewed from a differ-
ent perspective, from a human perspective and 
needs. The use of regulatory ES is important for 
man and the preservation of his health, prosperity 
and favourable environment for life, and it is there-
fore necessary to protect and maintain the state of 
habitats that are close to man and his settlements, 
even though they are not in terms of frequency 
occurrence rarely. Protected areas make a signifi-
cant contribution in this regard, especially those 
located in close proximity to towns and villages, 
but of course others more remote ecosystems that 
produce regulatory ES are not static but flow in the 
environment (air quality regulation, water regime 
regulation, etc.)  Some factors currently compli-
cate the maintenance of regulatory ES, e.g. climate 
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change and its impact on forest ecosystems. As a 
result, many forest ecosystems are weakened and 
the effects of adverse environmental influences 
create large-scale calamities, which in the long run 
complicate the adequate provision of regulatory 

ES. In non-forest ecosystems, they are manifested 
by a change in species composition, the introduc-
tion of more thermophilic, non-native and invasive 
species - all of which affect to some extent the pro-
vision of regulatory ES itself.

3.4.2	 Provisioning ecosystem services 

For provisioning ES, 10 services were comprehen-
sively evaluated. Most provisioning ES have long 
been part of the economy and market mecha-
nism, especially the market for timber, firewood, 
drinking water, and biomass. When comparing 
the indices provided by the ES in terms of poten-
tial (Fig. 62) provided by ecosystems, the follow-

ing services dominate:
- wild food and resources – 3.25 index point,
- fodder - 2.32 index point,
- biomass provision – 2.05 index point,
- timber provision - 1.9 index point,
- firewood provision -1.9 index point.

Fig. 62 Comparison of average potential index values of 10 provisioning ES

After taking into account the quality of ecosys-
tems, the values ​​of average supply indexes are 
reduced and the following services remain domi-
nant (Fig. 63):
- wild food and resources - 2.83 index point,

- fodder – 1.8 index point,
- biomass provision - 1.57 index point,
- firewood provision  -1.53 ​​index point,
- timber provision 1.48 index point.

Fig. 63 Comparison of average supply index values of 10 provisioning ES
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Fig. 64 and Fig. 65 show a different view of the 
comparison of average indices of provisioning 

services.

Fig. 64 Comparison of potential indexes values for 10 provisionig ES

Fig. 65 Comparison of supply indexes values for 10 provisionig ES

A map representation of the total potential of eco-
systems in Fig. 66 in comparison with the regula-
tory and cultural ES, captures the difference in the 
average values ​​of the indices of services provided 
by individual ecosystems, which are significantly 
lower. This is mainly due to the fact that some pro-
duction ES do not accumulate in one place. For 
example, in places where ES production of crops 
is provided, it is not possible to provide additional 
provisioning ES (in those places, in principle, only 
1 or a few production ES are produced, with the 
exception of some ES provided by forest ecosys-
tems). It is necessary to take into account the eval-

uation in the matrix itself, which does not achieve 
a high score for some production ES and thus the 
average total values ​​for production ES at a given 
site do not reach values ​​higher than 3 and also 
to some extent exclude some ecosystems from 
ES production, although in reality this may not be 
the case. In terms of current potential, it is evident 
that the lowest average values ​​of supply ES are in 
urban areas and on degraded ecosystems and in 
areas of rock ecosystems, e.g. the highest areas 
of the Tatras. The highest values ​​are achieved on 
arable land, forest and grass-herb ecosystems.
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Fig. 66 Map of evaluation of the potential for 9 provisionig  ES according to the average values of the index

After taking into account the degradation of eco-
systems and fertility in the area of ​​arable land (Fig. 
67) the highest average values ​​of provided provi-
sioning ES reach the most fertile arable land. The 
remaining ecosystems provide only a relatively 
small average index of supply of provisioning ES, 
mostly only up to 2, which is a relatively low rat-
ing compared to regulatory ES. In the case of de-

graded ecosystems, areas of calamitous areas in 
forest ecosystems (High Tatras, Low Tatras, etc.) 
are also evident in the map display, which have a 
lower ability to provide provisioning ES compared 
to ecosystems in a favourable condition. The ur-
ban areas of Slovakia have the lowest ability to 
provide provisioning ES.

Fig. 67 Map of evaluation of the supply of 10 provisionig  ES according to the average values of the index
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The largest acreage in provisioning ES is in the 
production of fodder and wild food and re-
sources. The smallest areas reach the services of 
fish production, and surface drinking water.

The most important ecosystems for provisioning 
ES based on quality and quantity assessments 
are arable land. In terms of quantity, it is the G1.63 

Medio-European neutrophile beech forests, 
G1.63 Medio-European neutrophile beech for-
ests which are important from the group of nat-
ural forest ecosystems and E2.22 Sub-Atlantic 
lowland hay meadows, E2.22 Sub- Atlantic low-
land hay meadows, which are important from the 
group of natural non-forest ecosystems.

3.4.3	 Cultural ecosystem services 

In the case of cultural ESs, 2 ESs were compre-
hensively evaluated – recreation and tourism and 
landscape character, aesthetics and spiritual in-
spiration. From the index point of view (Fig. 68 and 
Fig. 69) it is evident that the Slovak Republic also 

has a high potential for the provision of cultural 
ESs. In the quality of provision, the ES landscape 
character prevails, aesthetics spiritual inspiration 
over ES recreation and tourism.

                  

Fig. 68 Comparison of average potential indexes values                      Fig. 69 Comparison of average supply indexes values 
 for 2 cultural ES                                                                                                    for 2 cultural ES

The economic value calculated for the ES land-
scape character, aesthetics and spiritual inspira-
tion is approximately three times higher than the 
value of ES recreation and tourism. ES landscape 
character, aesthetics and spiritual inspiration is 
almost € 30 billion / year, indicating a still high 
level of conservation of landscape, native and 
natural ecosystems, which are often the result of 
traditional farming practices in the past and still 
persist in some places.

Map evaluation of the potential for both cultural 
ES in Fig. 70 shows that forest ecosystems, the 
rural settlements areas and small scale arable 
land have the highest potential index. Similar to 
regulatory and cultural ES, commonly spread 
habitats in the Slovak Republic play an important 
role, mainly G1.63 Medio-European neutrophile 
beech forests and E2.22 Sub-Atlantic lowland 
hay meadows.
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Fig. 70 Map of evaluation of the potential for 2 cultural ES according to the average values of the index

In the following supply map in Fig. 71, the state 
of degradation and interventions in ecosystems 
compared to the potential map is clearly visible. 
Both assessed cultural ESs are sensitive to in-
terventions caused primarily by intense human 

activity. Degraded ecosystems or ecosystems 
under strong anthropogenic influence are not as 
touristicaly and aesthetically attractive as native 
and natural ecosystems or habitats.

Fig. 71 Map of evaluation of the supply for 2 cultural ES according to the average values of the index
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The best ecosystems for the provision of cultur-
al ES are only those that show a high degree of 
naturalness and at the same time a low value of 
intense anthropogenic influences. In the case of 
forest ecosystems, these are old preserved forest 
stands, in the case of non-forest natural meadow 
communities, little affected by secondary suc-
cession. The spatial distribution is dominated by 
the central part of Slovakia at the expense of the 
western and eastern parts, in which the average 
index is significantly lower, mainly due to intensive 
agricultural activity.

In terms of quality in relation to the area, it is nec-
essary to highlight the ES landscape character, 
aesthetics and spiritual inspiration, which came 
out in the evaluation with the best quality index 4 
and is provided on an area of ​​up to 1,589,000 ha / 
15,890 km2. It is very positive that approximately 
90% of the area of ​​the Slovak Republic produc-
es cultural ES, but it is necessary to take into ac-
count that in many places the provision of this ES 
is only worth 1 index point, which is a relatively low 
provision of ES in general.

3.4.4	 Summary evaluation of ES for the territory of Slovakia

The overall evaluation of all ES is quite problem-
atic in all circumstances and for many different 
reasons. In principle, it is difficult to combine pro-
visioning, regulatory and cultural services, which 
have their own specificities, and it is necessary to 
take into account the fact that drawing on some 
ES may prevent the production of other ES (trade-
offs). From the point of view of correct interpre-
tation, we therefore recommend to confront the 
summary results with the detailed results for in-
dividual ES. It should also be emphasized that, 
as in other studies and works, the selection of 
ES evaluated is not complete. The results should 
therefore always be taken as partial, as the full 
spectrum of all existing ES has not been evalu-
ated. In the future, it is necessary to expect that, in 
particular, total monetary values ​​will increase due 
to the addition of assessments of other ES. There-
fore, it is important to interpret the resulting mon-
etary values ​​as the minimum prices calculated by 
the methodology in this work and always take the 
total value in relation to our chosen ES and not as 

the final price of ES. The resulting monetary val-
ues ​​are expressed in scope and should be used 
as a guide only and will need to be refined in the 
future by specifying the methods for determining 
the basic price units on the acreage provided by 
the ES.

The summary evaluation for individual indexes 
shows that cultural and regulatory ES exceed the 
total index of provisioning ES (Tab. 31). When com-
paring at the regional level, regional differences 
can also be seen, which are mainly influenced by 
the representation of ecosystems in a given re-
gion. The regions of western Slovakia achieved 
lower overall average values ​​of regulatory ES. It 
is interesting that all provisioning ES have similar 
average values ​​throughout Slovakia, but after tak-
ing into account the area of ​​regions, the index has 
a value of 1.27. Regulatory ES averaged 2.92 and 
cultural up to 3.52, although it should be noted 
that only 2 services were evaluated for cultural ES.

  Tab. 31 Summary supply indexes values of assessed ES by 8 self-governing regions of Slovakia

Region Area (m2)
Index - 

Regulatory ES
summary

Index - 
Provisioning 
ES summary

Index - 
Cultural ES 
summary

Banská Bystrica region 9,453,109,000 3.03 1.26 3.66

Prešov region 8,994,707,000 3.09 1.27 3.71

Košice region 6,749,650,000 3.14 1.33 3.73

Žilina region 6,793,264,000 3.04 1.25 3.71

Nitra region 6,341,266,000 2.43 1.28 2.95

Trenčín region 4,499,161,000 2.94 1.26 3.58

Trnava region 4,147,714,000 2.51 1.25 3.02

Bratislava region 2,053,264,000 2.77 1.21 3.39

Total area and average index  weighted 
over to the area of the region

49,032,135,000 2.92 1.27 3.52
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For monetary values, it is interesting to look at the 
results divided by region in Tab. 32. Even in mone-
tary terms, regulatory ES values have the highest 
aggregate value. Economic studies and articles 
evaluate, based on their approaches, the West 
as a richer part of Slovakia, led by the Bratislava 
Region and poorer Central and Eastern Slova-
kia. However, the Banská Bystrica, Prešov, Žilina, 

Košice and Nitra regions appear to be the richest 
in Slovakia, with a total value exceeding EUR 20 
billion per year, due to the presence of ecosys-
tems in their territory, which provide irreplaceable 
ES. It is obvious that economically “malnourished” 
regions produce a different type of value, which is 
not currently reflected in the economy.

  Tab. 32 Summary monetary supply values of assessed ES by 8 self-governing regions of Slovakia

Region
Regulatory ES

(billion EUR/year)
Provisioning ES 

(billion EUR/year)
Cultural ES

(billion EUR/year)
Total

(billion EUR/year)

Banská Bystrica region 18  – 21 14 – 16 7 – 8 39 – 45

Bratislava region 3 – 5 3 – 4 1 – 2 7 – 11

Košice region 11 – 14 10 – 12 4 – 5 25 – 31

Nitra region 7 – 9 11 – 12 3 – 4 21 – 25

Prešov region 16 – 19 11 – 13 6 – 7 33 – 39

Trenčín region 9 – 11 7 – 8 3 – 4 19 – 23

Trnava region 5 – 6 7 – 8 2 – 3 14 – 17

Žilina region 14 – 17 10 – 11 5 – 6 29 – 34

Total (billion EUR) 83 – 102 73 – 84 31 – 39 187 – 225

Comparison of the traditional GDP of any region 
of Slovakia (Tab. 33) with the monetary value 
provided by the ES in the same region (Tab. 32) 
brings interesting results - GDP is not higher 
than the economic value of the ES provided in 
the region. In making this finding, it is necessary 
to consider whether current traditional economic 
practices, without taking into account the ES as 
the basic pillars of healthy and sustainable liv-
ing, are set correctly. Following the introduction of 
ecosystem accounting, these views and distribu-
tions may differ fundamentally from the current 
classical economic perception. In the traditional 

evaluation of GDP, the Bratislava region has long 
been the richest, but in the evaluation of the ES, 
this region is the poorest, even when calculating 
the value of traditional GDP and the value of the 
ES. These results fundamentally turn the angle of 
view of the wealth of the regions. Furthermore, 
they suggest that the regions of western Slovakia 
live to some extent from the regulatory and cul-
tural ES, which are produced in other parts of the 
Slovak Republic and thus the regions of central 
and eastern Slovakia contribute to the values ​​of 
people living in the western part of Slovakia.

Tab. 33 GDP by 8 self-governing regions of Slovakia in current prices (EUR) in 2017 (Source: ŠÚ SR, Sta-
tistical Yearbook of Slovak Regions)

Region GDP (EUR)

Bratislava 23,727,000,000 €

Trnava 9,519,000,000 €

Trenčín 7,602,000,000 €

Nitra 9,273,000,000 €

Žilina 9,198,000,000 €

Banská Bystrica 7,486,000,000 €

Prešov 7,686,000,000 €

Košice 10,360,000,000 €



100

The total GDP in Slovakia, according to the Statisti-
cal Office of the Slovak Republic, is reported at EUR 
84.9 billion in 2017 and EUR 88.6 billion in 2018. The 
value of ES in Slovakia is at least EUR 187-225 bil-
lion per year, which is more than twice tradition-
al GDP. It is also necessary to say that due to the 
degradation of ecosystems in Slovakia, the Slo-
vak Republic loses about 20 billion EUR per year. 
Theoretically, in the future, investment in ecosys-
tems and their quality can be a very important eco-

nomic element, because even from these results 
it is evident that e.g. with a significant investment 
in the restoration of ecosystems, these costs will 
have a very high return, which is always a very im-
portant factor in economic decision-making. From 
a fundamental point of view, it is crucial to perceive 
natural wealth and the provision of the ES as an 
invaluable and inseparable part of human life, 
since without functioning ES, human life on Earth 
could not even exist.

​
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4	 Discussion

4.1	 Advantages and disadvantages of the approach used 

The results of the work provide an overview at the 
national level of the potential and supply provided 
by the ES using the ecosystem approach. This ap-
proach takes into account many parameters, as 
the biotic component of the environment to some 
extent takes into account attributes such as geo-
logical composition, relief, the presence of the re-
quired chemical composition, the amount of water 
and many other parameters needed for a com-
prehensive ES assessment. In the ecosystem ap-
proach, it is therefore not necessary to deal with 
a wide range of diverse parameters, because the 
ecosystem itself and its quality is determined by 
these parameters and thus already reflects the fac-
tors that are otherwise assessed separately. Such 
an approach is suitable at the national level, where 
it is not necessary to determine local specifics.

The ecosystem map was prepared on the basis of 
ecosystem identification (Černecký et al. 2020). As 
part of the evaluation, an evaluation of the qual-
ity of ecosystems was also prepared, which was 
subsequently used in the results for individual ES. 
Ecosystems were assigned to potential indices and 
supply indices through a modified matrix, which al-
ready took into account the quality of ecosystems 
themselves. Monetary values ​​were calculated on 
the basis of published data and recalculated on 
the basis of the quality of ecosystems, the total 
average values ​​were determined taking into ac-
count the acreage of ecosystems. On the basis of 
the above documents, it was possible to prepare a 
national evaluation for selected ES.

The advantages of the used approach are con-
nected with the use of background data, especial-
ly the map of ecosystems, which provides a com-
prehensive picture of the ecosystems of Slovakia 
and thus significantly helps to locate individual 
ecosystem services. The matrix approach, which 
was elaborated in more detail, enabled the assign-

ment of potential indices to individual habitats and 
also determines their basic qualitative level. The 
definition of the quality of ecosystems has made it 
possible to distinguish the quality of individual ES 
provision in more detail and to introduce into the 
assessment an individual approach, where each 
site (polygon) has determined unique values ​​of 
provision and ES values.

The disadvantage of the matrix approach is its 
schematicity - the basic setting of the matrix also 
reflects the overall evaluation. Opinions on indi-
vidual values ​​in the matrix may differ among ex-
perts, and there are also situations where some 
ecosystems may be unfairly underestimated or, on 
the contrary, overestimated in terms of the provi-
sion of some ES. With monetary values, a similar 
problem arises, with any financial expression cre-
ating a discussion and a difference of opinion. The 
effort to evaluate demand through a matrix was not 
completed despite the fact that most of the results 
were processed according to the matrices for de-
mand, but in the end, in our opinion, did not have 
good informative value, or had only a partial value 
consumption is not reported at all. We therefore 
recommend using other more appropriate meth-
ods for assessing demand / consumption in the 
future.

The potential for ES provision in this work is based 
on current land use. Over time, there will be a 
change / transformation of ecosystems under the 
influence of anthropisation, changes in manage-
ment and management, land use, the impact of 
degradation by natural and human activities, which 
will be reflected in repeated assessments over 
time. It will be possible to compare the results of 
future evaluations with the results in this work and 
thus evaluate the change in the quality and quanti-
ty of potential provided by regulatory and other ES.

4.2 Examples of alternative approaches to ES evaluation

In terms of the methods and approaches used, 
several diverse ES evaluation methodologies 
have been published, but there are still many ar-
eas that are not adequately defined. It is insuffi-
cient e.g. documenting and researching the posi-
tive link between soil biodiversity and regulatory 
and provisioning services (Bakker et al. 2019) or 
evaluating the use of some ES such as assimila-
tion of pollutants in wetlands (Trimmer et al. 2019). 

The growing body of evidence on the positive im-
pact of the natural environment on mental health 
points to the need to include models for ES as-
sessment in this area as well (Bratman et al. 2019). 
Another interesting area is the spatial flows of the 
ES and their mutual relations on a local to global 
scale - e.g. from mountainous areas to lowlands 
(see Schripke et al. 2019).
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Several authors deal specifically with e.g. socio-
economic analysis of the ES in different types 
of habitats, e.g. pastures in Europe - Torralba et 
al. 2018, floodplain forests in the Czech Repub-
lic - Machar et al. 2018, mountain areas in Portu-
gal - Carvalho-Santos et al. 2018, the integration 
of ecosystem values ​​into cost-benefit analyzes 
(Kashi et al. 2018) or the impact of land use and 
development scenarios on the ES e.g. Indonesia 
and palm oil plantations - Sharma et al. 2018.

Mapping and assessment of the state of eco-
systems and their services in Europe, including 
studies and assessment concepts, is analyzed 
by Nedkov et al. (2018). Also, the IUCN handbook 
(Neugarten et al. 2018) describes several tools for 
measuring, modeling and evaluating ES applied 
mainly in protected areas.

Several authors deal with the issue of evaluat-
ing the significance of landscape character and 
aesthetics, e.g. in the Netherlands (measuring 
the attractiveness of the landscape and identify-
ing national hot spots - de Vries et al. 2013) or in 
Germany (assessing the aesthetic quality of the 
landscape using indicators of naturalness and 
uniqueness - Hermes et al. 2018). Bijker & Sijtsma 
(2017) emphasize in particular the importance of 
natural areas for the inhabitants of the urban en-
vironment. Daams et al. (2016) notes the effect of 
the perceived attractiveness of natural areas on 
the price of land. Davis et al. (2016) argue that not 
only the existing policy in the field of biodiversity 
protection but also the protection of the territory 
based on the psychological and emotional needs 
of the inhabitants is equally important. In their pa-
per, Mayer & Woltering (2018) assesses the mon-
etary value of ES holiday homes in German na-
tional parks using the Travel Cost Method.

One example of the evaluation of the interaction 
of the ES and the protection of biodiversity in 
protected areas with different management strat-
egies is the work of Chung et al. (2018). In their 
contribution, they showed a positive correlation 
between the protection of biodiversity and na-
ture-oriented tourism (cultural ES). Braat & Groot 
(2012) also report on the relationship between 
land use, biodiversity conservation and the ES. 
The study by Ratcliffe et al. (2017) focused on as-
sessing the synergies between biodiversity and 
ES provision in Europe’s forests. Although wood 
production is often in conflict with the protec-
tion of biodiversity, the authors point out that with 
proper management it is possible to maximize the 
ecosystem processes and thus the benefits for 
all. Felipe-Lucia et al. (2018) therefore proposes, 
in order to support more ES, to increase structural 

heterogeneity and to keep large and old trees, in-
cluding gaps in the canopy. Ecosystem services 
provided by forest ecosystems may be affected 
by natural disturbances and land use changes 
(Fleischer et al. 2017).

The issue of the effectiveness of payments for the 
ES not only in the level of protection of natural 
values, but also the provision of socio-economic 
benefits is addressed by several authors (eg Börn-
er et al., 2017, Ferraro et al. 2017, Jayachandran et 
al. 2017). Similar studies can be used to argue the 
need for investment in biodiversity conservation in 
order to protect natural values ​​(Sánchez-Fernan-
déz et al. 2018). Hummel et al. discuss the issue 
of various ES definitions, classification methods, 
measurement methods and their use in protected 
area management. (2019). Wei et al. (2018), in turn, 
assesses the ES reserves declared for the protec-
tion of the giant panda and confirms that they are 
several times higher than the costs associated 
with their management. Specific evaluation and 
proposal of the method of valuing flag, resp. char-
ismatic species, in the event of a fire, Molina et al. 
(2019). Dee et al. (2019) emphasizes that even rare 
species can, despite questioning assumptions, 
make a relatively significant contribution to the 
functioning of ecosystems and their services.

The concept of natural capital as an approach 
to nature based on financial valuation of localities 
and species has recently been the focus of current 
discussions on biodiversity protection. Anderson 
(2018) discusses not only the attractiveness but 
also the problem of this approach. ES economic 
evaluation is often criticized and the usefulness of 
individual methods needs to be seen in a broader 
context (Tinch et al. 2019). Ainscough et al. (2019) 
draws attention, for example, to the risk of using 
the ES assessment to support activities that are 
harmful to the environment or society. Vihervaara 
et al. (2019) describes the interconnection of dif-
ferent methodologies in ES mapping and evalu-
ation, which helps to integrate information for 
decision-making processes with the aim of sus-
tainable use and protection of the territory.

An alternative assessment of the state of eco-
systems was used in a local study for the ES as-
sessment of Bukk National Park in Hungary (Arany 
et al. 2018) and was based on a Luxembourg study 
by Becerra-Jurado et al. (2015), in which individ-
ual polygons are assigned a value based on the 
number of protected plant and animal species. In 
a polygon with 0 to 1 species, a value of 0 is as-
signed, a polygon with 2 to 7 species has a value 
of +1, a polygon with more than 8 species has a 
value of +2, and so on. The result, after reclassifi-
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cation, is a polygonal map of ecosystems with val-
ues ​​of polygons 0-5, where the value 5 represents 
the areas with the most favorable state.

An alternative ES assessment is possible on the 
basis of a matrix prepared in Germany (Muller et 
al. 2018 draft). Based on the matrix concept for 
ES mapping according to Burkhard et al. (2014), a 
more complex matrix was developed in Germa-
ny (Fig. 72), which represents the potential for ES 

provision of different types of terrestrial, coastal 
and marine ecosystems. The types of ecosystems 
used in the attached version of the matrix were 
selected on the basis of the CLC resolution (lev-
els) of Europe. The ES definitions have been sum-
marized and adapted according to Kandzior et al. 
(2013). The index expression of potentials is gen-
erally rated between 0 (lowest potential) and 100 
(highest potential).

Fig. 72 Alternative matrix ES assessment according Muller et al. (2018 draft)
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4.3 Comparison of the results with the Catalogue of ES in Slovakia

The authors of the Catalogue of Ecosystem Ser-
vices of Slovakia (Mederly, Černecký et al. 2019) 
evaluated the relative capacity of the Slovak 
country to provide 5 provisioning, 10 regula-
tory and 3 cultural ES on a scale of 0-100 (0 = 
lowest achieved capacity value and 100 = high-
est achieved capacity value for given by the ES). 
Background maps and calculations of the coun-
try’s capacity for the provision of selected were 
realized in a raster shape with a pixel size of 25 
m. The detail and usability of these documents is 
at the scale of 1:10 000 to 1: 25 000. The results 

for 18 ES, 3 ES groups and the total results were 
standardized in a 1x1 km network. To confront the 
results, summary maps of the potential for the 
provision of regulatory, provisioning and cultural 
ES and summary maps of the country’s capacity 
were selected from the Catalogue of Ecosystem 
Services of Slovakia.  

Tab. 34 shows a comparison of the classification 
of the evaluated ES of Slovakia between this work 
and the Catalogue of Ecosystem Services of Slo-
vakia.

  Tab. 34  Comparison of valuated ES in Slovakia with the Catalogue of Ecosystem Services in Slovakia

Classification of ES assessments in Slovakia

ES Catalogue of Slovakia Value of ecosystems and their services in Slovakia

Provisioning ecosystem services

Biomass - agricultural crops (P1) Crops

Biomass - wood and natural fibers (P2)
Timber

Fiber

Drinking water ( P3)
Freshwater

Utility water (P4)

Wildlife / Natural crops (P5)
Fodder

Wild foods & resources

  Production of fuel wood

  Biomass for energy

  Livestock production

  Fish, seafood & edible algae

Regulatory ecosystem services and supporting ecosystem functions

Air quality regulation (R1) Air quality regulation

Water purification (R2) Water purification

Erosion and other natural hazards regulation (R3) Erosion regulation

Regulation of runoff conditions and protection against 
floods (R4)

Natural hazard regulation

Regulation of local climatic conditions (R5) Local climate regulation

Regulation of global climate / carbon retention (R6) / Global climate regulation

Promoting species and ecosystem diversity (R7)  

Support of life cycle processes and / Pollination (R 8) Pollination

control of pests and diseases (9) Pest and disease control
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Classification of ES assessments in Slovakia

ES Catalogue of Slovakia Value of ecosystems and their services in Slovakia

control,and support the formation of the natural proper-
ties of the soil (R 10)

 

  Nutrient regulation

  Regulation of waste and harmful substances

  Water flow regulation

Cultural ecosystem services

Recreation and tourism - physical use of nature and 
landscape (C1)

Recreation and tourism

Landscape character and aesthetics - aesthetic values ​​
(C2)

Landscape character, aesthetics and spiritual inspira-
tion 

Natural and cultural heritage - intellectual and scientific 
values ​​(C3)

 

The maps in Fig. 60 (chapter 3.4.1) and Fig. 73 
show very similar results of the evaluation of the 
potential / capacity of the country (ecosystems) 
of the Slovak Republic for the provision of regula-
tory ES. High values ​​of potential are achieved by 
forest ecosystems of the Carpathian Mountains 
(especially middle) and foothill areas, agricultural 

areas of the Danube and East Slovakian lowlands 
have low potential / capacity and settlements and 
built-up areas have low to negligible potential. In 
the case of the ES Catalogue, several sources, 
GIS layers and data were used in the work. In this 
work, ecosystems and their quality were used as 
a basis for the overall assessment.

Fig. 73 The total capacity of the landscape to provide regulatory and supporting ES (source: Mederly, Černecký et al. 2019)

Comparison of map expression of capacity Fig. 74 
and the potential of Fig. 66 (Chapter 3.4.2) coun-
tries for the provision of ES shows similar evalu-
ations. The provisioning ESs is unevenly distrib-
uted throughout Slovakia, it is not primarily tied to 
mountains and foothills, as is the case with regu-
latory and cultural ES. Low to negligible provision 

of provisioning services have settlements and 
urban areas, the highest parts of the mountains 
such as. Tatras (red color on both maps). The low-
lands, especially the Danube, but also the middle 
mountains, have a higher total supply of provi-
sioning services.
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Fig. 74 The total capacity of the landscape to provide provisioning ES (source: Mederly, Černecký et al.  2019)

Provisioning ES only exceptionally reach the same 
high values ​​as regulatory ES. Overall summary 
map evaluation of the potential of the country of 
the Slovak Republic Fig. 70 (chapter 3.4.3) for the 
provision of cultural ES is similar to the map evalu-
ation of the country’s capacity Fig. 75. The highest 
values ​​are in the mountainous and foothill areas 

of the Carpathians and the lowest in the lowlands 
with agricultural land and urban areas. When 
comparing the capacity maps in the ES Catalogue 
and in this work, a considerable agreement is 
again evident and thus the ecosystem approach 
in this case can again be called as an umbrella / 
umbrella for a wider range of parameters.

Fig. 75 The total capacity of the landscape to provide cultural ES (source: Mederly, Černecký et al. 2019)
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A schematic comparison of the general result-
ing maps in the ES Catalogue of Slovakia (only 
potential) with the maps in this study revealed 
that they are very similar from a national simpli-
fied point of view. This fact may to some extent 
indicate that ecosystems and the assessment 
of their quality largely cover many other param-
eters, reflect a broader state of context and may 
be an umbrella assessment. Therefore, it can be 
stated that in the ES indicative evaluation it is not 

always necessary to deal with a wide range of 
parameters, but in a more general and compre-
hensive evaluation it seems sufficient to use e.g. 
ecosystem approach as a supporting approach. 
However, in a comprehensive and detailed as-
sessment at the locality level, it is appropriate to 
take into account other parameters and docu-
ments, ideally verified by data collection directly 
in the area of ​​interest.

4.4	 Future challenges 

The challenge for the future is to assess the loss or 
increase of forest vegetation using satellite data 
from the Copernicus program. In particular, multi-
spectral satellite images of the Sentinel 2 satellite 
can be used for evaluation, and the radar data of 
the Sentinel 1 satellite can be used as a supple-
ment (available at: https://scihub.copernicus.eu/) 
and free to download and use. Free software de-
veloped by the European Space Agency STEP 
(available at: http://step.esa.int/main/down-
load/) can be used to process satellite images. 
STEP enables direct loading of Copernicus satel-
lite images and provides tools for their processing 
as well as processing a large number of thematic 
analyzes (eg NDVI, FAPAR, WDVI, etc.). The fre-
quency of making images for the whole territory 
is every 6 days. Sentinel 2 satellite images con-
tain 13 spectral channels. The individual channels 
are photographed in different resolutions 10x10m, 
20x20m and 60x60m. The R, G, B and near-infra-
red spectra are provided in a resolution of 10x10m 
and can be used for direct analysis of vegetation 
changes using the NDVI of a specific area. NDVI 
makes it possible to analyze information about 
the vegetation of a particular place by measuring 
the ratio of the reflection of near-infrared radiation 
and the absorption of the red spectrum of radia-
tion used in photosynthesis. A loss of NDVI during 
the growing season in a particular area can mean 
a loss of vegetation (for example, felling of trees, 
plowing of grassland) or a significant deteriora-
tion in the health of vegetation. For unambiguous 
determination of forest loss, e.g. the radar data of 
the Sentinel 1 satellite, which measures changes 
in the height of the Earth’s surface in the C-band 
frequency, can be used as a supplement by ex-
cavation. C-band radar waves penetrate the veg-
etation only partially and during the deforestation 
the change in height is clearly visible. Because the 
NDVI of grass and forest vegetation are different, it 
is possible to observe the gradual overgrowth of a 
specific area using time series of satellite images. 
Using NDVI, it is possible in combination with time 
series of satellite images to evaluate the begin-

ning and end of the vegetation period in a particu-
lar area. A limiting factor in the use of multispec-
tral satellite images is cloudiness. Multispectral 
imaging does not penetrate dense clouds, so it is 
necessary to combine multiple satellite images to 
remove cloud-covered areas.

As an alternative way of modelling CO2 seques-
tration, it is possible to use the FAPAR index, 
which can be obtained from satellite data of the 
Copernicus program. The FAPAR index defines 
which part of the photosynthetically active spec-
trum of light is used by vegetation for photosyn-
thesis. Since photosynthesis is the main factor of 
CO2 sequestration, it is possible to model CO2 se-
questration in a specific area based on this index.

In addition to the ES Flood Control assessment, 
it would be possible to assess the wetting of the 
area by analyzing radar satellite images. Assess-
ment of wetting of the area and soil could also 
be interesting for assessing the risk of natural 
fires. Data for the evaluation of landslide regula-
tion could be obtained from the Dionýz Štúr State 
Geological Institute (ŠGÚDŠ).

As a supplement or alternative to the ES Crop 
Production assessment, Sentinel 2 satellite imag-
ery time series can be used to analyze real land 
management. This analysis is quite often used in 
EU countries for agricultural payments and realis-
tically shows the areas used for agricultural pro-
duction in a given period of time. To determine 
what kind of farming is involved (what kind of crop 
is grown or whether TTP is mowed or grazed) it is 
necessary to perform a relatively comprehensive 
analysis of images and evaluation of vegetation 
indices.

As an alternative to the ES Wood Production as-
sessment, a combination of NDVI and FAPAR in-
dices could be used to identify tree / shrub veg-
etation based on NDVI and use the measured 
FAPAR index in the area to assess biomass growth 

https://scihub.copernicus.eu/
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similar to carbon sequestration assessment. Such 
an analysis could estimate the increase in wood 
mass. Logging can be identified directly by chang-
ing the NDVI at a specific location and confirmed 
in combination with Sentinel 1 images to analyze 
the change in vegetation height.

The advantage of the approach we use when us-
ing the map and geodatabase of ecosystems in 
Slovakia is that its preparation is repeatable. An 
identical map can be prepared in the same way 
in the future, which would make it possible to as-
sess changes in ecosystems over time. In order 
for this data to be usable in practice, it is neces-
sary to distinguish the source and quality of the 
underlying data - in particular whether they were 
obtained from detailed field mapping or derived 
from partial data that need to be verified by ad-
ditional monitoring and mapping in the future. The 
use of an additional spatial data set such as ZB GIS 
(ZB GIS 2018) would improve the resulting eco-
system map. Data on small natural features, linear 
features and other detailed spatial data could be 
added. However, these data were not available at 
the time of preparing the map and geodatabase 
of ecosystems. The ecosystem map requires 
gradual verification in the field through verifica-
tion of habitats by experts. Time-consuming and 
costly data collection in the field is a long-term 
process that brings many pitfalls. In the future, it is 
necessary to consider a more automated process 
based on the evaluation of satellite images. Data 
from various other areas and, if possible, with an 
appropriate spatial resolution are also important 
in the national evaluation, as a more comprehen-
sive assessment of the ES evaluation can be pre-
pared on the basis of a wider range of data from 
different sectors and areas.

The country’s capacity (potential) to provide ES, 
but mainly the production of services by eco-
systems, changes over time, so it is important to 
repeat the ES assessment process or to design a 
model that will take into account habitat changes 
in the future. As a starting point for such a model 
would be a retrospective mapping of ecosystems 
and evaluation of their services, e.g. since 1940 

with the help of aerial photographs and various 
types of database data from the forestry, agricul-
ture, water management, and other sectors. One 
of the sources may be a historical orthophotomap 
of Slovakia created by processing black and white 
aerial photographs from the period of the 40s and 
50s, which was prepared by the Technical Univer-
sity in Zvolen (available at: mapy.tuzvo.sk). Other 
examples of usable data are a map of representa-
tive geoecosystems and maps of potential veg-
etation.

As it is important to objectively evaluate the mon-
etary value of the ES provided by ecosystems, 
for most ES, market prices in Slovakia were not 
used, but prices used in Frélichová et al. (2014), 
which were based on average ES valuation values ​​
from different countries. However, financial state-
ments will always be a controversial topic and 
agreement between experts will be difficult and 
difficult to find. An appropriate solution is to pre-
pare new evaluation, which would be an alterna-
tive to existing evaluations and seek consensus.
Data on the change in ecosystems, their condi-
tion, the newly built-up area (as well as other 
variables) need to be monitored over time and 
compared with the current assessment in order to 
assess changes in ES value in the future in case of 
additional ecosystem acreage for development or 
change, particularly state of ecosystems and its 
transformation into other types. It is no less impor-
tant in the future to monitor the development of 
the road network and railway lines, which cause 
the fragmentation of individual ecosystems. At 
present, the problem of assessing the demand 
for ecosystem services is also unresolved. The 
consumption of individual ES is difficult to as-
sess and it is a challenge for the future that this 
area will be relevantly evaluated. It is necessary 
to choose appropriate methods for the interpreta-
tion not only of what the ES territory of Slovakia 
provides and in what quality, but also for a com-
prehensive assessment of the extent to which the 
ES is consumed by people. These aspects of the 
availability and use of the ES must then be suf-
ficiently expressed spatially through high-quality 
map and statistical outputs.
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​5	 Conclusion

Comprehensive evaluation of the ES is a demand-
ing process requiring a lot of effort, data collec-
tion, analytical and database work and process-
ing of a lot of map data in a GIS environment. The 
comprehensive assessment of the ES in the Slo-
vak Republic contributes to the fulfilment of in-
ternational requirements for the assessment of 
the ES arising from various commitments, includ-
ing the targets set for the protection of biodiver-
sity by 2020.

In comparison with many ES evaluations abroad, 
this work sought to achieve a more spatially accu-
rate assessment than in research based on Corine 
Land Cover or other generalized map materials. 
The prepared map of ecosystems sets aside indi-
vidual landscape elements, thus providing a cer-
tain overview of habitats in Slovakia. Geodatabase 
/ map data can be used mainly at the national 
level, to a limited extent at the regional and local 
level, on more precise scales, the basis requires 
refinement, ideally through field verification of 
data directly in the area of ​​interest. However, the 
ecosystem map also provides an excellent start-
ing point for local assessment, and subsequent 
refinement can achieve very detailed results. 
Based on the map of ecosystems and the pre-
pared matrix of potential and supply, it is possible 
to assign to individual habitats of the ES, to define 
them spatially, but also qualitatively. An innova-
tive approach was also used to take into account 
and develop the quality of ecosystems, in which 
a new methodological procedure was prepared 
for the use of data from monitoring habitats of 
European importance in combination with data 
from already processed data in the process of 
tree growth and loss in forest and non-forest eco-
systems. With this approach, the current state of 
interventions and degradation of ecosystems was 
captured in the evaluation to a certain extent, and 
subsequently it was possible to individualize the 
subsequent qualitative evaluation of the ES in the 
given polygons.

It can be stated that each polygon (a total of 
1,033,905) has its own individual evaluation and 
thus a comprehensive geodatabase is available, 
which contains data on habitats, ecosystems, 
ecosystem services and their financial evalua-
tion, with certain limitations for anthropogenically 
significantly altered ecosystems, in which the in-
dividual evaluation is very demanding and basi-
cally requires a field survey. Such an approach 
ensures that it is currently possible to prepare 

habitats (with ideal verification in the field), eco-
systems, the ES and their financial evaluation for 
the national level and large territorial units from a 
geodatabase with some precision, or to use these 
results as a starting point, as basis for further re-
finement. Another important fact is the possibility 
of repeating such a comprehensive evaluation, as 
the most important data used in the evaluation, 
including field data collection, are already being 
collected and will most likely continue to be col-
lected. These databases are primarily used for 
purposes other than ES evaluation, but they were 
very suitable and usable for the evaluation carried 
out. It follows from the above that in the future it 
will be possible to repeat the same evaluation at 
any time, without increased demands for the col-
lection of new detailed data.

Last but not least, it is necessary to emphasize the 
intent of a purely ecosystem approach, focusing 
on habitats and their contribution to ES provision, 
which is often neglected in ES evaluation studies. 
It is the ecosystem approach that is most impor-
tant in terms of preserving and protecting the rel-
evant ES, because without habitats there would 
be no ecosystems and without ecosystems there 
would be no ES, prosperity and a suitable environ-
ment for life on Earth. The very name “ecosystem 
services” includes ecosystems and therefore 
the present study is primarily focused on eco-
systems.

The resulting work is also important in terms of 
setting the practical management of sites, be-
cause to some extent defined the spatial and 
qualitative state of ecosystems and the degree 
of their degradation. On the basis of the created 
geodatabase and other data, it is possible to set 
priorities for ecosystem restoration, quantify prog-
ress after the implementation of measures and 
approach measurably to achieve the goals set by 
international commitments for the revitalization 
of ecosystems as such. However, this process is 
very demanding, it depends on the cooperation 
of several ministries (especially agriculture and 
the environment). If the Slovak Republic wants to 
show obvious progress in the preservation and 
restoration of ecosystems, then the cooperation 
of foresters, conservationists and farmers is very 
important, especially in the field of regular land 
management and ecosystems for sustainable 
provision of all important ES in a balanced way.
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6	 Summary

World economic prosperity and the quality of 
life of the population are conditioned by the 
existence of natural capital – biodiversity and 
ecosystems that provide important goods and 
services to humans. Mapping ecosystem servic-
es (ES) is crucial to understand how ecosystems 
contribute to the quality of human life and to sup-
port the argumentation of multisectoral policies 
that have a major impact on natural resources and 
their use (Burkhard & Maes 2017). The expression 
of ES values in monetary units (Farley 2008) pro-
vides guidance on understanding the preferences 
of users (current generations) who use them, thus 
allowing better allocation of resources. According 
to Braat & Groot (2012), ES are off the market and 
are considered non-marketable public benefits. 
Maes (2012) has demonstrated a clear correla-
tions between habitat status and the provision of 
ES – habitats in better condition have a higher 
ability to provide ES in higher quality and quan-
tity. Therefore, ecosystem restoration is important 
and has a significant positive impact on habitat 
status. The publication “The Value of Ecosystems 
and their Services in Slovakia” contributes to the 
international requirements for ES assessment re-
sulting from various commitments (i.e. CBD tar-
gets), including the objectives set out in the Na-
tional Strategy “Updated National Biodiversity 
Conservation Strategy 2012-2020” and provides 
the basis for setting measurable conservation and 
recovery priorities of ecosystems in Slovakia.

The main objective of the publication is a com-
prehensive biophysical and monetary assess-
ment of ecosystems and their services in Slova-
kia using an ecosystem approach based on the 
quality of ecosystems/habitats and their deg-
radation rate. The first step for ES assessment 
was to create a map and geodatabase of eco-
systems in Slovakia (Černecký et al. 2019) by link-
ing the database data of the Land Parcel Identifi-
cation System (LPIS), forestry (Forest Information 
System - LGIS), nature protection (Comprehensive 
Information and Monitoring System – KIMS), Open 
street map and more. The ecosystem map con-
tains 1 033 905 polygons divided into EUNIS cat-
egorization at levels 1 to 7. Database and map out-
puts are developed at national level, but also to 
some extent partially applicable at the local level. 
The second step was to evaluate the potential 
and supply of Slovak ecosystems to provide 11 
regulatory, 10 provisioning and 2 cultural ES 
by using modified Burkhard potential matrixes, 
which were reclassified based on quality of the 
ecosystem from monitoring data for species and 
habitats and other sources. The level of provision 

was evaluated on a scale of indexes 1 to 5 (low to 
very high contribution of ecosystems to the provi-
sion of a specific ES). The third, key step, was the 
assignment of economic value to individual eco-
systems in EUR/ha/year by the Value Transfer 
method according to prices in Frélichová et al. 
(2014). Based on the area of the individual eco-
systems/habitats the monetary value of the pro-
vided ES was calculated per each polygon and 
the total ES value for all ecosystems together 
were recalculated, too.

Most of the polygons (787 208) and thus the larg-
est habitat of Slovakia, in terms of EUNIS 1 catego-
rization, are forests and other forested land with 
a total area of 1,853,076.26 hectares and a share 
of 38% of the total area of Slovakia. At EUNIS level 
4, the largest habitat is among forest G1.63 Me-
dio-European neutrophile beech forests and 
among non-forests E2.22 Sub-Atlantic lowland 
hay meadows. The most precious types of eco-
systems are D5.24 Fen beds of great fen sedge 
– Cladium – total of 6 polygons, C1.2 Permanent 
mesotrophic lakes, ponds and pools – total of 12 
polygons and D1.12 Degraded, inactive bogs – to-
tal of 14 polygons.

Regulatory ES, which directly and indirectly im-
prove human quality of life, have a positive impact 
on human health and improve their environment, 
can be classified as a key group of ES on the ba-
sis of several criteria. The most important regu-
latory ES (with the highest average index values) 
are Global climate regulation, Erosion regulation, 
Nutrient regulation, Local climate regulation and 
Water purification. On the largest area (more than 
30 000 km2) are provided ES Erosion regulation 
and ES Water flow regulation, which is approxi-
mately ⅔ area of Slovakia. Forest ecosystems, 
which occur in the largest extent in Central Slo-
vakia, have the highest potential for the provi-
sion of all regulatory ES in terms of both qual-
ity and quantity, while natural and semi-natural 
ones are of the highest importance. The highest 
total economic value of the potential for regula-
tory ES provision was achieved by ES natural haz-
ard regulation – EUR 29.9 billion/year, ES erosion 
regulation – EUR 28.9 billion, ES global climate 
regulation – EUR 21.8 billion/year and local cli-
mate regulation – 19.9 EUR billion/year.

In provisioning services the assessment is domi-
nated by provisioning services provided by for-
est ecosystems (in terms of quality) followed by 
arable land (in terms of quantity). The highest av-
erage values of indexes for potential showed ES 
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Wild food & resources, ES Timber, ES Wood fuel. 
The varied and diverse landscape mosaic of Slo-
vakia creates the high capacity and potential for 
the provision of cultural ES, in which dominate 
forest ecosystems (after taking into account both 
area and quality), xerophilous and scrub ecosys-
tems, aquatic ecosystems and grassland ecosys-
tems. The economic value of ES Landscape aes-
thetics and inspiration reaches almost 30 billion 
EUR/year. 

From the point of view of quality of provision of 
several regulatory ES, peatbogs and some other 
minor important wetlands are of great impor-

tance, but their area is very low – only 1.4% of the 
area of the SR.

Overall, Slovakia’s ecosystems and services can 
be summarized as having a relatively large num-
ber of areas with high quality ecosystems (40%) 
with relatively high ES provision. It is necessary 
to open a discussion of various sectors, in par-
ticular agriculture, forestry and nature conser-
vation, with a view to unifying procedures for the 
use, conservation and restoration of the land-
scape of Slovakia, its ecosystems and habitats, 
which constitute transboundary benefits and are 
crucial for future generations.
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​8	 Annexes

Annex 1 Conversion table of habitats according to the Habitat Catalog of Slovakia (Stanová & Valachovič 
2002) and habitats NATURA 2000 to EUNIS categories

Annex 2 Basic average economic values of regulatory ES in EUR/ hectar/ year. Green lines indicate relevant 
ecosystems for Slovakia 

Annex 3 Basic average economic values ​​of provisioning and cultural ES in EUR / hectare / year. Green lines 
indicate relevant ecosystems for Slovakia

Annex 1. Conversion table of habitats according to the Habitat Catalog of Slovakia (Stanová & 
Valachovič 2002) and habitats NATURA 2000 to EUNIS categories

SK kód
NATURA 2000 

kód
EUNIS Názov biotopu (SK)

Sl1 1340 E6.2 Vnútrozemské slaniská a slané lúky

Sl2 1340 D6.14 Karpatské travertínové slaniská

Sl3 1530 E6.2 Panónske slané stepi a slaniská

Sl4  E6.2 Subhalínne travinné biotopy

Pi1 2340 E1.99 Vnútrozemské panónske pieskové duny

Pi2 6120 E1.12 Suchomilné travinnobylinné porasty na vápnitých pieskoch

Pi3  E1.91 Pionierske porasty na silikátových pôdach

Pi4 8230 H3.62 Pionierske spoločenstvá plytkých silikátových pôd

Pi5 6110 E1.11
Pionierske porasty zväzu Alysso-Sedion albi na plytkých kar-
bonátových a bázických substrátoch

Vo1 3130 C1.2
Oligotrofné až mezotrofné stojaté vody s vegetáciou tried Lit-
torelletea uniflorae a / alebo Isoëto-Nanojuncetea

Vo2 3150 C1.3
Prirodzené eutrofné a mezotrofné stojaté vody s vegetáciou 
plávajúcich a / alebo ponorených cievnatých rastlín typu Mag-
nopotamion alebo Hydrocharition

Vo3 3160 C1.45 Prirodzené dystrofné stojaté vody

Vo4 3260 C2
Nížinné až horské vodné toky s vegetáciou zväzu Ranunculion 
fluitantis a Callitricho-Batrachion

Vo5 3140 C1.14 Oligotrofné až mezotrofné vody s bentickou vegetáciou chár

Vo6  C1
Mezo- až eutrofné poloprirodzené a umelé vodné nádrže so 
stojatou vodou s plávajúcou a / alebo ponorenou vegetáciou

Vo7  C1.341
Makrofytná vegetácia plytkých stojatých vôd (Ranunculion 
aquatilis)

Vo8  C3.24
Spoločenstvá bylín a šachorín eutrofných mokradí s kolísajúcou 
vodnou hladinou
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Vo9  C3.431
Ruderalizované porasty v zamokrených depresiách na poliach 
a na obnažených dnách rybníkov

Br1  C2.6 Štrkové lavice bez vegetácie

Br2 3220 C3.55221 Horské vodné toky a bylinné porasty pozdĺž ich brehov

Br3 3230 F9.111
Horské vodné toky a ich drevinová vegetácia s myrikovkou 
nemeckou (Myricaria germanica)

Br4 3240 F9.111
Horské vodné toky a ich drevinová vegetácia s vŕbou sivou (Sa-
lix elaeagnos)

Br5 3270 C3.53
Rieky s bahnitými až piesočnatými brehmi s vegetáciou zväzov 
Chenopodion rubri p.p. a Bidention p.p.

Br6 6430 E5.5514 Brehové porasty deväťsilov

Br7 6430 E5.41 Bylinné lemové spoločenstvá nížinných riek

Br8  C3.11 Bylinné brehové porasty tečúcich vôd

Kr1 4030 F4.2 Vresoviská

Kr2 5130 F3.16 Porasty borievky obyčajnej

Kr3  F3.16 Sukcesné štádiá s borievkou obyčajnou

Kr4 4080 F2.32 Spoločenstvá subalpínskych krovín

Kr5 4080 F2.33 Nízke subalpínske kroviny

Kr6 40A0 F3.24 Xerotermné kroviny

Kr7  F3.1 Trnkové a lieskové kroviny

Kr8  F9.2 Vŕbové kroviny stojatých vôd

Kr9  F9.1 Vŕbové kroviny na zaplavovaných brehoch riek

Kr10 4070 F2.461 Kosodrevina

Kr11  F2.461 Vysadená kosodrevina

Al1 6150 E4.34 Alpínske travinnobylinné porasty na silikátovom podklade

Al2 6150 E4.11 Alpínske snehové výležiská na silikátovom podklade

Al3 6170 E4.4 Alpínske a subalpínske vápnomilné travinnobylinné porasty

Al4 6170 E4.12 Alpínske snehové výležiská na vápnitom podklade
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Al5 6430 E5.5 Vysokobylinné spoločenstvá alpínskeho stupňa

Al6  E5.5
Vysokosteblové spoločenstvá horských nív na silikátovom pod-
klade

Al7  E5.5
Vysokosteblové spoločenstvá vlhkých skalnatých žľabov na 
karbonátovom podklade

Al8  E5.5
Horské vysokosteblové spoločenstvá na suchších a teplejších 
svahoch

Al9 4060 F2.24
Vresoviská a spoločenstvá kríčkov v subalpínskom a alpínskom 
stupni

Tr1 6210 E1.231
Suchomilné travinnobylinné a krovinové porasty na vápnitom 
substráte

Tr1.1  E1.231
Suchomilné travinnobylinné a krovinové porasty na vápnitom 
substráte s významným výskytom druhov čeľade Orchidaceae

Tr2 6240
E1.2211, 
E1.2932

Subpanónske travinnobylinné porasty

Tr3 6250 E1.2C Panónske travinnobylinné porasty na spraši

Tr4 6260 E1.2F2 Panónske travinnobylinné porasty na pieskoch

Tr5 6190 E1.291 Suché a dealpínske travinnobylinné porasty

Tr6  E5.21 Teplomilné lemy

Tr7  E5.22 Mezofilné lemy

Tr8 6230 E4.3171, E1.712
Kvetnaté vysokohorské a horské psicové porasty na silikátovom 
substráte

Lk1 6510 E2.22 Nížinné a podhorské kosné lúky

Lk2 6520 E2.31, E4.51 Horské kosné lúky

Lk3  E2.1 Mezofilné pasienky a spásané lúky

Lk4 6410 E3.51 Bezkolencové lúky

Lk5 6430 E5.4 Vysokobylinné spoločenstvá na vlhkých lúkach

Lk6  E3.41 Podmáčané lúky horských a podhorských oblastí

Lk7  E3.41 Psiarkové aluviálne lúky

Lk8 6440 E3.43 Aluviálne lúky zväzu Cnidion venosi

Lk9  E3.442 Zaplavované travinné spoločenstvá

Lk10  C3.26, D5.21 Vegetácia vysokých ostríc
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Lk11  C3.21 Trstinové spoločenstvá mokradí (Phragmition)

Lk12  C3.2A Trstinové spoločenstvá brakických a alkalických vôd

Ra1 7110 D1.11 Aktívne vrchoviská

Ra2 7120 D1.12 Degradované vrchoviská schopné prirodzenej obnovy

Ra3 7140 D2.2, D2.3 Prechodné rašeliniská a trasoviská

Ra4 7150 D2.3H Depresie na rašelinných substrátoch s Rhynchospora alba

Ra5 7210 D5.24
Vápnité slatiny s maricou pílkatou a druhmi zväzu Caricion da-
vallianae

Ra6 7230 D4.1 Slatiny s vysokým obsahom báz

Ra7  E3.46 Sukcesne zmenené slatiny

Pr1  C2.111
Prameniská horského a subalpínskeho stupňa na nevápen-
cových horninách

Pr2  C2.111 Prameniská nížin a pahorkatín na nevápencových horninách

Pr3 7220 C2.121 Penovcové prameniská

Sk1 8210 H3.25, H3.42 Karbonátové skalné steny so štrbinovou vegetáciou

Sk2 8220 H3.11 Silikátové skalné steny so štrbinovou vegetáciou

Sk3 8110 H2.31 Silikátové sutiny v montánnom až alpínskom stupni

Sk4 8120 H2.44 Karbonátové sutiny v montánnom až alpínskom stupni

Sk5 8150 H2.32 Nespevnené silikátové sutiny v kolínnom stupni

Sk6 8160 H2.61
Nespevnené karbonátové skalné sutiny v montánnom až kolín-
nom stupni

Sk7  H2.32        Sekundárne sutinové a skalné biotopy

Sk8 8310 H1 Nesprístupnené jaskynné útvary

Ls1.1 91E0 G1.111 Vŕbovo-topoľové nížinné lužné lesy

Ls1.2 91F0 G1.22 Dubovo-brestovo-jaseňové nížinné lužné lesy

Ls1.3 91E0 G1.21 Jaseňovo-jelšové podhorské lužné lesy

Ls1.4 91E0 G1.121 Horské jelšové lužné lesy
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Ls2.1  G1.A16 Dubovo-hrabové lesy karpatské

Ls2.2 91G0 G1.A16 Dubovo-hrabové lesy panónske

Ls2.3.1 9170 G1.A16 Dubovo-hrabové lesy lipové – časť A

Ls2.3.2  G1.A16 Dubovo-hrabové lesy lipové – časť B

Ls2.3.3 9410 G3.1C Dubovo-hrabové lesy lipové – časť C

Ls3.1 91H0 G1.7374 Teplomilné submediteránne dubové lesy

Ls3.2 91I0 G1.7A1 Teplomilné ponticko-panónske dubové lesy na spraši a piesku

Ls3.3 91I0 G1.7A1 Dubové nátržníkové lesy

Ls3.4 91M0 G1.76 Dubovo-cerové lesy

Ls3.5.1  G1.87 Sucho a kyslomilné dubové lesy – časť A

Ls3.5.2 91I0 G1.7A1 Sucho a kyslomilné dubové lesy – časť B

Ls3.6 9190 G1.81 Vlhko a kyslomilné brezovo-dubové lesy

Ls4 9180 G1.A41 Lipovo-javorové sutinové lesy

Ls5.1 9130 G1.63 Bukové a jedľovo-bukové kvetnaté lesy

Ls5.2 9110 G1.61 Kyslomilné bukové lesy

Ls5.3 9140 G1.65 Javorovo-bukové horské lesy

Ls5.4 9150 G1.66 Vápnomilné bukové lesy

Ls6.1  G3.4 Kyslomilné borovicové a dubovo-borovicové lesy

Ls6.2 91Q0 G3.442 Reliktné vápnomilné borovicové a smrekovcové lesy

Ls6.3  G3.4 Lesostepné borovicové lesy

Ls6.4 91T0 G3.42112 Lišajníkové borovické lesy

Ls7.1 91D0 G1.51 Rašeliniskové brezové lesíky

Ls7.2 91D0 G3.E Rašeliniskové borovicové lesy

Ls7.3 91D0 G3.E Rašeliniskové smrekové lesy
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Ls7.4 91D0 G1.4 Slatinné jelšové lesy

Ls8  G3.1 Jedľové a jedľovo-smrekové lesy

Ls9.1 9410 G3.1B Smrekové lesy čučoriedkové

Ls9.2 9410 G3.1B Smrekové lesy vysokobylinné

Ls9.3 9410 G3.1C Podmáčané smrekové lesy

Ls9.4 9420 G3.25 Smrekovcovo-limbové lesy

Ls10 91N0 G1.7C7 Panónske topoľové lesy s borievkou

X1  G5.8 Rúbaniská s prevahou bylín a tráv

X2  G5.8 Rúbaniská s prevahou drevín

X3  N / A Nitrofilná ruderálna vegetácia mimo sídiel

X4  N / A Teplomilná ruderálna vegetácia mimo sídiel

X5  N / A Úhory a extenzívne obhospodarované polia

X6  N / A Úhory a burinová vegetácia na pieskoch

X7  N / A Intenzívne obhospodarované polia

X8  E5.4 Porasty inváznych neofytov

X9  N / A Porasty nepôvodných drevín

X10  C3.5 Porasty ruderalizovaných bahnitých brehov

OP  I1 Orná pôda

CHM  I1 Chmeľnice

VIN  FB.4 Vinohrady

ZAH  X25 Záhrady

SAD  G1.D Sady

TTP  E Trvalé trávne porasty

OST  X07 Ostatné plochy
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PPF  X07
Poľnohospodársky pôdny fond – ostatné nezaradené kom-
plexy poľnohospodárskych biotopov

X(ZPPP)  X07 Nevyužívaná pôda

Vo  C3 Litorálna zóna vnútrozemských vôd

Vo  C3.4
Druhovo chudobné korytá s nízko rastúcou alebo obojživelnou 
vegetáciou

Ra  D1 Vrchoviská a rašeliniská

Lk  E1 Xerotermné lúky

Lk  E2.6
Poľnohospodárstvom upravené, prisievané a silno hnojené 
lúky, vrátane športových areálov a upravených trávnikov

Lk  E3 Sezónne zamokrené a podmáčané lúkx

Lk  E4 Alpské a subalpínske lúky

Lk  E4.3171 Západokarpatské lúky s výrazným hustým rastom tráv

Lk  E5 Lesné prameniská a čistiny a vysoké porasty netypických tráv

Kr  FB Krovinové plantáže

Ls  G Lesné biotopy a iné typy lesných pozemkov

Ls  G1.737 Západné submediteránne dubové lesy

Ls  G2 Širokolisté stálozelené lesy

Ls  G3 Ihličnaté lesy

Ls  G4 Zmiešané lesy

Sk  H2 Sute

Sk  H5
Rôznorodé vnútrozemské biotopy s veľmi riedkou alebo 
žiadnou vegetáciou

X  I2.2 / P-85.2 Mestská zeleň a parky

X  J1 Budovy, zastavaná plocha

X  J1.6 Staveniská a demolačné plochy

X  J1.7 Husto zastavané dočasné obývané plochy

X  J2 Rozptýlené osídlenie
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X  J2.1 Roztrúsené obytné budovy

X  J3 Dobývacie priestory a lomy

X  J4 Dopravná sieť

X  J4.2 Cesty

X  J4.3 Železnice

X  J4.4 Letiská

X  J4.5 Prístavy

X  J6 Skládky odpadov

X  X09 Pasienkové lesy

X  X10 Krajinná mozaika s lesnými prvkami
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Annex 2. Basic average economic values of regulatory ES in EUR/ hectar/ year. Green lines indicate 
relevant ecosystems for Slovakia 
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Agriculture 
& natural 
vegetation

2677,19 4015,78 177,55 915,43 807,11 133,40 3844,38 2818,73 919,17 7,31 4,87

Agro-forest-
ry areas

2677,19 2677,19 177,55 915,43 807,11 133,40 5766,57 2818,73 1378,76 7,31 7,31

Airport 0,00 0,00 0,00 0,00 0,00 0,00 1922,19 0,00 0,00 2,44 0,00

Annual and 
permanent 
crops

1338,59 2677,19 88,78 457,71 0,00 66,70 3844,38 2818,73 459,59 4,87 4,87

Bare rock 0,00 0,00 0,00 0,00 403,56 0,00 3844,38 2818,73 0,00 0,00 0,00

Beaches, 
dunes and 
sand plains

0,00 0,00 0,00 457,71 403,56 66,70 0,00 14093,65 0,00 2,44 2,44

Broad-
leaved forest

6692,97 6692,97 443,88 1373,14 2017,78 333,50 9610,95 11274,92 1838,34 9,74 9,74

Burnt areas 0,00 1338,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,44

Coastal 
lagoons

1338,59 1338,59 0,00 1830,86 807,11 200,10 0,00 11274,92 0,00 7,31 12,18

Complex 
cultivation

1338,59 2677,19 88,78 457,71 0,00 66,70 1922,19 2818,73 919,17 7,31 4,87

Coniferous 
forest

6692,97 6692,97 443,88 1373,14 2017,78 333,50 9610,95 11274,92 1838,34 9,74 9,74

Construc-
tion sites

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Continuous 
urban fabric

0,00 0,00 0,00 0,00 0,00 0,00 3844,38 0,00 0,00 2,44 0,00

Discontinu-
ous urban 
fabric

0,00 0,00 0,00 0,00 0,00 0,00 1922,19 0,00 459,59 2,44 0,00

Dump sites 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 4,87

Estuaries 1338,59 0,00 0,00 1373,14 1210,67 200,10 0,00 8456,19 0,00 7,31 12,18

Fruit trees 
and berry 
plantation

2677,19 2677,19 177,55 915,43 403,56 133,40 3844,38 5637,46 2297,93 7,31 4,87

Glaciers and 
perpetual 
snow

4015,78 5354,38 0,00 2288,57 0,00 0,00 0,00 0,00 0,00 2,44 2,44

Green urban 
area

2677,19 2677,19 177,55 915,43 807,11 133,40 3844,38 2818,73 919,17 4,87 4,87

Industrial or 
commercial 
unit

0,00 0,00 0,00 0,00 0,00 0,00 3844,38 0,00 0,00 2,44 0,00

Inland 
marshes

2677,19 2677,19 0,00 1373,14 807,11 266,80 1922,19 11274,92 459,59 4,87 7,31
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Intertidal 
flats

1338,59 1338,59 0,00 457,71 403,56 66,70 1922,19 14093,65 0,00 4,87 7,31

Mineral 
extraction 
site

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Mixed forest 6692,97 6692,97 443,88 1373,14 2017,78 333,50 9610,95 11274,92 1838,34 12,18 12,18

Moors and 
heathland

4015,78 5354,38 0,00 915,43 1210,67 200,10 3844,38 5637,46 919,17 4,87 7,31

Natural 
grassland

6692,97 2677,19 0,00 457,71 1210,67 266,80 9610,95 2818,73 459,59 2,44 4,87

Non-irrigat-
ed arable 
land

1338,59 2677,19 88,78 915,43 0,00 66,70 0,00 2818,73 459,59 4,87 4,87

Olive groves 1338,59 1338,59 88,78 457,71 403,56 66,70 1922,19 0,00 459,59 4,87 4,87

Pasture 2677,19 1338,59 0,00 457,71 0,00 66,70 1922,19 2818,73 0,00 4,87 9,74

Peatbogs 6692,97 5354,38 0,00 1830,86 1614,22 266,80 3844,38 8456,19 919,17 7,31 9,74

Permanently 
irrigated 
land

1338,59 4015,78 88,78 457,71 0,00 66,70 0,00 2818,73 459,59 4,87 4,87

Port area 0,00 0,00 0,00 0,00 0,00 0,00 5766,57 8456,19 0,00 2,44 0,00

Ricefields 0,00 2677,19 88,78 457,71 0,00 66,70 0,00 0,00 459,59 2,44 4,87

Road and 
rail networks 
and associ-
ated land

0,00 0,00 0,00 0,00 0,00 0,00 1922,19 0,00 0,00 0,00 0,00

Salines 0,00 4015,78 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,44 2,44

Salt marsh-
es

1338,59 1338,59 0,00 457,71 403,56 133,40 1922,19 11274,92 459,59 4,87 4,87

Sclerophyl-
lous vegeta-
tion

2677,19 2677,19 88,78 457,71 403,56 133,40 1922,19 2818,73 919,17 4,87 7,31

Sea and 
ocean

4015,78 4015,78 0,00 457,71 807,11 200,10 0,00 0,00 0,00 7,31 12,18

Sparsely 
vegetated 
areas

0,00 1338,59 0,00 457,71 403,56 66,70 1922,19 2818,73 0,00 2,44 2,44

Sport and 
leisure facili-
ties

1338,59 1338,59 88,78 457,71 403,56 66,70 1922,19 0,00 0,00 2,44 2,44

Transitional 
woodland 
shrub

2677,19 2677,19 88,78 457,71 403,56 133,40 1922,19 2818,73 919,17 4,87 7,31

Vineyard 1338,59 1338,59 88,78 457,71 0,00 66,70 1922,19 0,00 459,59 2,44 2,44

Water bod-
ies

1338,59 2677,19 0,00 2288,57 807,11 200,10 0,00 8456,19 0,00 7,31 12,18

Water 
courses

0,00 1338,59 0,00 1373,14 1210,67 200,10 0,00 8456,19 0,00 7,31 12,18
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Annex. 3. Basic average economic values of regulatory ES in EUR/hectar/year. Green lines indicate 
relevant ecosystems for Slovakia
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Agriculture & 
natural veg-
etation

391,75 421,39 280,93 314,91 1935,36 2304,03 2304,03 0,00 38,15 0,00 1460,35 3981,29

Agro-forestry 
areas

261,16 421,39 280,93 472,36 967,68 6912,09 6912,09 0,00 38,15 0,00 1460,35 3981,29

Airport 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Annual and 
permanent 
crops

522,33 280,93 561,86 157,45 2419,20 0,00 0,00 0,00 19,08 0,00 730,17 1990,65

Bare rock 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1460,35 5971,94

Beaches, 
dunes and 
sand plains

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3650,87 7962,58

Broad-
leaved forest

0,00 140,46 140,46 0,00 483,84 11520,15 11520,15 0,00 95,38 0,00 3650,87 9953,23

Burnt areas 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Coastal
lagoons

0,00 140,46 0,00 0,00 0,00 0,00 0,00 143,38 76,30 0,00 2190,52 7962,58

Complex 
cultivation

522,33 280,93 280,93 157,45 1935,36 0,00 2304,03 0,00 19,08 0,00 1460,35 3981,29

Coniferous 
forest

0,00 140,46 140,46 0,00 483,84 11520,15 11520,15 0,00 95,38 0,00 3650,87 9953,23

Construction 
sites

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Continuous 
urban fabric

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2190,52 5971,94

Discontinu-
ous urban 
fabric

130,58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2190,52 3981,29

Dump sites 0,00 140,46 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Estuaries 0,00 280,93 0,00 0,00 0,00 0,00 0,00 143,38 76,30 0,00 2190,52 7962,58

Fruit trees 
and berry 
plantation

522,33 140,46 0,00 0,00 0,00 4608,06 4608,06 0,00 0,00 0,00 2190,52 3981,29

Glaciers and 
perpetual 
snow

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 54,05 3650,87 9953,23

Green urban 
area

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2190,52 5971,94

Industrial or 
commercial 
unit

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Inland 
marshes

0,00 0,00 561,86 314,91 0,00 0,00 0,00 0,00 19,08 0,00 730,17 3981,29
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Intertidal 
flats

0,00 140,46 0,00 0,00 0,00 0,00 0,00 0,00 19,08 0,00 2920,70 3981,29

Mineral ex-
traction site

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Mixed forest 0,00 140,46 140,46 0,00 967,68 11520,15 11520,15 0,00 95,38 0,00 3650,87 9953,23

Moors and 
heathland

0,00 140,46 140,46 157,45 0,00 0,00 4608,06 0,00 38,15 0,00 2920,70 7962,58

Natural 
grassland

0,00 140,46 280,93 472,36 0,00 0,00 0,00 0,00 95,38 0,00 2190,52 7962,58

Non-irrigated 
arable land

652,91 702,32 702,32 0,00 2419,20 0,00 0,00 0,00 19,08 0,00 730,17 1990,65

Olive groves 522,33 140,46 0,00 0,00 0,00 4608,06 4608,06 0,00 0,00 0,00 1460,35 3981,29

Pasture 0,00 140,46 702,32 787,27 0,00 0,00 0,00 0,00 38,15 0,00 1460,35 3981,29

Peatbogs 0,00 280,93 0,00 0,00 0,00 0,00 0,00 0,00 19,08 10,81 2190,52 3981,29

Permanently 
irrigated land

652,91 140,46 280,93 0,00 1935,36 0,00 0,00 0,00 19,08 0,00 730,17 1990,65

Port area 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 730,17 3981,29

Ricefields 652,91 140,46 280,93 0,00 0,00 0,00 0,00 0,00 0,00 0,00 730,17 1990,65

Road and rail 
networks and 
associated 
land

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Salines 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1460,35 3981,29

Salt marshes 0,00 0,00 280,93 314,91 0,00 0,00 0,00 0,00 19,08 0,00 2190,52 3981,29

Sclerophyl-
lous vegeta-
tion

0,00 140,46 140,46 157,45 483,84 4608,06 4608,06 0,00 19,08 0,00 1460,35 5971,94

Sea and 
ocean

0,00 561,86 421,39 0,00 0,00 0,00 0,00 179,23 76,30 0,00 2920,70 9953,23

Sparsely 
vegetated 
areas

0,00 0,00 0,00 157,45 0,00 0,00 0,00 0,00 19,08 0,00 730,17 1990,65

Sport and 
leisure facili-
ties

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3650,87 1990,65

Transitional 
woodland 
shrub

0,00 280,93 140,46 157,45 483,84 2304,03 4608,06 0,00 19,08 0,00 1460,35 5971,94

Vineyard 522,33 140,46 0,00 0,00 0,00 0,00 2304,03 0,00 0,00 0,00 2190,52 3981,29

Water bodies 0,00 140,46 0,00 0,00 0,00 0,00 0,00 143,38 76,30 54,05 3650,87 7962,58

Water cours-
es

0,00 280,93 0,00 0,00 0,00 0,00 0,00 107,54 76,30 54,05 2920,70 7962,58
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