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Overview of the Ecosystem Services b
Concept

Peter Mederly, Jan Cernecky, Simona Gusejnov, Viktéria Duricova,
and Gréta Vrbi¢anova

Abstract The chapter provides a concise introduction into the issue of ecosystem
services (ES), its research, and implementation. It starts with the definition, primary
model, and a brief history of this concept. The ES approach is increasingly reflected
and applied in the scientific field, but it does not yet have the necessary support in
the economic and decision-making areas. The second part is devoted to the ES clas-
sification systems, which are used for the research, followed by an overview of
basic assessment methods. The most used classification of ES includes provision-
ing, regulating and supporting, and cultural ES. Research methods are usually
divided into biophysical, sociocultural, and economic (monetary). The most fre-
quently used and recommended methods are briefly described. The next part char-
acterizes the level of ES research and implementation in the European Union, which
is a leader in this field. Significant progress was achieved in most EU Member
States within the Mapping and Assessment of Ecosystems and their Services
(MAES) process. The last part of the chapter provides the ES political background
and research outputs in Slovakia. The implementation rate of the ES concept in the
Slovak Republic is one of the lowest in the whole of the EU — and this is a real chal-
lenge for the future.
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1.1 Ecosystem Services Basics

1.1.1 Introduction to Ecosystem Services

Although the concept of ecosystem services or utility properties and functions of
nature began to show up in scientific literature, social, and political debates already
in the late 1960s and early 1970s, key research and a broader discussion on this
issue can only be dated back to the late 1990s. In particular, ecosystem functions
and services depend on the quality and quantity of natural resources (such as soil,
air, and water) and biodiversity — referred to overall as natural capital. Therefore, it
is necessary to assess the ecosystem services (hereinafter referred to as ES) in rela-
tion to the functions, processes, and structure of related ecosystems, that is, to the
quality of the environment of a particular territory and the value of its natural capital.

By using natural resources, including ecosystem services and with other activi-
ties, people directly or indirectly affect the natural environment and the quality of its
components, in both temporal and spatial framework — including short-, medium-,
and long-term local, regional, and global scales. The interaction of nature and man
is the basis for the concept of ecosystem services — the ES is thus a concept between
natural, social, and economic sciences.

The ES concept focuses on comprehensive research of ecosystems, their func-
tions, and the assessment of benefits which ecosystems can provide for the society.
It is constructed on an interdisciplinary basis. The ES concept seeks to ensure the
protection and efficient use of ecosystems and their services so that all ESs are har-
moniously used and that one ES is not developed further to the detriment of others.
Several methods have been developed for ES assessment, including monetary and
non-monetary, participative, and biophysical. An important part of the concept is
the involvement of various groups engaged in ES assessment and management
(Izakovicova et al. 2017).

The main idea of the ES concept is therefore the usefulness and benefits of
nature for the society and human well-being. Ecosystem services can be very easily
defined as contributions of ecosystems (living systems) to human well-being. These
services are final (end) as they present outputs of ecosystems (whether natural,
semi-natural, or largely altered by human activity) which directly affect human
well-being. Their basic attribute is that they retain a link to the related ecosystem
functions, processes, and ecosystem structure itself, which co-creates them
(Haines-Young and Potschin 2013).

1.1.2 Cascade Model of ES

A clear formulation of the ES concept is provided by the so-called cascade model
(Haines-Young and Potschin 2018), which clearly defines the sequence of notions
of ecosystem structure and processes — ecosystem functions — ecosystem services —
benefits from ecosystem services — service values (see Fig. 1.1).
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Fig. 1.1 Cascade model — from structure to functions, services, benefits, and values.
(Source: Haines-Young and Potschin 2018)

The cascade model can be interpreted as follows:

— The ecosystems themselves, more precisely the geoecosystems, are the corner-
stone and basic premise for the functioning of the ES. In the model, they are
represented by a set of biophysical structures or processes which encompass the
entire set of ecological components (e.g., matter, energy, and species), as well as
key ecological processes (e.g., nutrient and energy cycles) taking place within
the ecosystem. Obviously, only healthy ecosystems can provide a good quality
ES - therefore, terms such as resilience, stability, and ecosystem integrity are
accentuated.

— The next stage of the cascade is formed by ecosystem functions — these include
the ecological components and processes that have the capacity to generate ben-
efits used by people and thereby directly or indirectly support economic activi-
ties. According to Gémez-Baggethun et al. (2010), these represent a key link
between ecology and economics.

— The central position of the cascade includes the ESs which, in a sense, represent
the final outputs of the ecosystem — they are linked to ecosystem structures and
processes, but at the same time, they are directly involved in generating benefits
used by humans. Their existence is conditioned by the existence of demand and
consumption of these services — without human use, they would not be consid-
ered ecosystem services.

— The final stage of the cascade consists of goods and benefits, representing the
social and economic system. They are specific because they have a specific value
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for humans — either monetary or non-monetary. The benefit can be understood as
a concrete contribution of the ES to human well-being, with the value being its
concrete valuation. It can be expressed differently, not only financially, because
humans also attribute importance to the benefits based on moral, aesthetic, or
spiritual values.

— With the use of ecosystem services as well as through the intermediary impacts
on ecosystem functions and via other ways of influencing the landscape, humans
put pressure on real geoecosystems, thereby causing adverse changes in their
structure and functions and thus in further potential for their use. This feedback
is shown in the model by an arrow which points away from the values back to the
left side of the model.

1.1.3 A Brief History of Application of the ES Concept

The notion of ES was comprehensively explained for the first time in a publication
Ehrlich and Ehrlich (1981) and has since been gradually applied, especially in sci-
entific publications. Approximately since 2000, the establishment of the concept in
the political agenda can be observed — for example through the so-called ecosystem
approach, adopted in the year 2000 at the 5th Conference of the Convention on
Biological Diversity in Nairobi, Kenya.

An ES summary vision and its basic classification, which has been used in the
world literature, has been compiled by a large-scale project Millennium Ecosystem
Assessment (MEA) in the period from 2001 to 2005 (project synthesis is presented
in MEA 2005). The study of Costanza and Daly (1992), which estimated the aver-
age annual value of 17 selected ecosystem services at $33 trillion per year, which is
approximately 1.5 times the global economy’s GDP, has also been widely medial-
ized. This value has been updated and refined to $125 trillion for 2011 (Costanza
et al. 2014) — but with changes in landscape use and anthropogenic impacts since
1997, the ES value dropped by $20.2 trillion worldwide.

The economic dimension of the concept in 2010 was highlighted by the study
The Economics of Ecosystems and Biodiversity (TEEB 2010) or by the wider
TEEB initiative, which aims to enhance the visibility of natural values. Along with
the increasing number of studies on monetary assessment of ecosystem services, the
interest of decision-making and policymaking bodies has gradually begun to shift
more towards the prospective creation of market-based instruments which could
provide economic incentives for nature conservation.

At the global level, the ESs have also been established through the CBD. The
Strategic Plan for Biodiversity 2011-2020 also includes the so-called Aichi biodi-
versity targets, two of which are particularly relevant for the ES (objectives 1 and 2,
in more detail below). The establishment of an Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES) in 2012 has also helped
to better integrate the ES concept into the policy agenda. IPBES creates a science
and policy interface which enables scientific findings and analysis to be
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communicated towards the decision-making bodies and apply them also in the
framework of international conventions. An example can be found in the Regional
Assessment Report on Biodiversity and Ecosystem Services for Europe and Central
Asia (IPBES 2018). Among the scientific and expert forums for research and pro-
motion of the ES concept, it is appropriate to mention the Ecosystem Services
Partnership (the largest international global network for ES research and applica-
tion — available online: www.es-partnership.org) and the Natural Capital Project (a
partnership between several universities and international organizations in the area
of the development of ES assessment tools and their enforcement in decision-mak-
ing — available online: www.naturalcapitalproject.org).

In addition to policy initiatives, the interest of the private sector in the ES concept
has been growing in recent years. One such initiative is, for example, the Natural
Capital Coalition, which brings together various stakeholders with a common vision
to create a world where private companies protect and maintain the natural capital.

In their work, Costanza et al. (2017) describe the development of the ES concept
in relative detail and very clearly at the same time. This article is highly recom-
mended to those interested in this topic. They see the main progress in research and
application of the ES concept in the following areas: the transition from definitions
to classifications and ES assessment, the transition from integrated modelling to
public participation and communication, and the development of institutions and
innovations in the societal governance.

The fact that the ES concept is increasingly reflected and applied in the scientific
field is also proven by the analysis of scientific and research publications on this
issue in the Scopus scientific database (available online: www.scopus.com). By the
end of 2000, approximately 150 articles and publications focused on the ES were
published, compared to April 2017 when Costanza et al. mentioned approximately
17,000 titles containing the term ecosystem services in the title, abstract, or key-
words. By the end of 2018, this number increased to 23,880 documents, and in the
first 3 months of 2019, we saw an additional 1310 contributions (see Fig. 1.2).

This development can also be documented in the Ecosystem Services journal,
which is the flagship of ES research. The journal was founded in 2012 by two promi-
nent members of the scientific community of this topic (Rudolf de Groot and Leon
Braat). In the first three-year period, there were 405 articles published in the journal,
and in April 2019, this number increased to 880 articles altogether. In the first years,
the journal published an average of 5-6 articles a month; in the year 2016, it was
already 10-12 articles; and now it is more than 15 articles a month. However, it is only
a fraction of what is published in all the world’s research and scientific periodicals.

Despite the above, it is clear that the ES concept does not yet have the necessary
support, especially in the economic field, nor in the area of important decision-
making. At the end of the assessment study, Costanza et al. (2017) state the following:

In particular, it points to the weakness of the mainstream economic approaches to valuation,
growth, and development. The substantial contributions of ecosystem services to the sus-
tainable wellbeing of humans and the rest of nature should be at the core of the fundamental
change needed in economic theory and practice if we are to achieve a societal transforma-
tion to a sustainable and desirable future.
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Fig. 1.2 Development of publications focusing on ecosystem services, included in the Web of
Science and Scopus database

1.2 Ecosystem Services Classification

The basic classification of ecosystem services includes provisioning services, regu-
lating and supporting services, and cultural services. There are a number of
approaches to their more detailed classification, with the best-known being classifi-
cation performed within the Millennium Ecosystem Assessment (MEA 2005) proj-
ect, The Economics of Ecosystems and Biodiversity project classification (2010)
and the Common International Classification of Ecosystem Services — CICES
(Haines-Young and Potschin 2018). MEA 2005 is the basic classification used glob-
ally, especially before 2010, and CICES is the most detailed classification used for
ES hierarchical classification and assessment.

Basic classification of ES according to CICES (Haines-Young and Potschin
2018) is the following:

e Provisioning services — this includes all material products and goods from eco-
systems, providing nutrition, materials, and energy, especially biomass for nutri-
tion, drinking water and water for other non-drinking purposes, utility biomass,
abiotic materials, and energy sources.

e Regulating and supporting services — this includes the benefits from ecosystem
functions regulating natural processes, as well as ecosystem functions and pro-
cesses relevant to the healthy state of ecosystems and the provision of other ser-
vices, in particular:

Regulating services — regulation of waste, toxic substances, and other pollutants;
regulation and mediation of flows (mass, liquid, and gaseous); regulation and
protection of life cycles and habitats; and regulation and control of pests and
diseases
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Supporting services — in particular physical, chemical, and biological condi-
tions: soil formation and composition, water cycle and water conditions,
atmospheric composition and climate regulation, and other supporting
processes

e Cultural services — this includes non-material benefits from ecosystems and
biotic features of the landscape: physical and experiential interactions, intellec-
tual and representative interactions, spiritual and emblematic interactions, and
other cultural outcomes.

A more detailed description of the individual ES is provided in the main assess-
ment part of the publication. A comparison of the ES basic classification systems is
given in Table 1.1.

Table 1.1 Main classification systems of ecosystem services

Category pursuant to

Category CICES - Haines-
Costanza et al. | Category pursuant | pursuant to Young and Potschin
ES group 1997 to MEA 2005 TEEB 2010 2018
Provisioning | Food production | Food Food Biomass — nutrition
services Freshwater and sea
plants and animals for
nutrition
Water supply Fresh water Water Ground and surface

water for drinking

Ground and surface
water for non-
drinking purposes

Raw materials

Fibre, timber

Raw materials

Utility biomass —
timber and other
fibres

Genetic Genetic resources | Genetic Genetic sources of
resources resources biotic origin
Biochemicals and | Medicinal Genetic material for
natural medicines | resources biochemical and
pharmaceutical
processes
X Ornamental Ornamental Materials of biotic
resources resources origin (ornamental
resources)

X X X Biomass — Sources of
energy of plant and
animal origin

X X X Abiotic sources of

energy

(continued)
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Table 1.1 (continued)
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Category pursuant to

Category CICES - Haines-
Costanza et al. | Category pursuant | pursuant to Young and Potschin
ES group 1997 to MEA 2005 TEEB 2010 2018
Regulating Gas regulation | Air quality Air purification | Regulation of gaseous
and regulation and air flows
supporting Waste treatment | Water purification | Waste treatment | Regulation of waste,
services and waste (esp. water toxic substances, and
treatment purification) other pollutants
Disturbance Natural hazard Disturbance Regulation of air and
regulation regulation prevention or liquid flows
(storm mediation
protection and
flood control)
Water regulation | Water regulation | Regulation of Regulation of liquid
(e.g., natural water flows flows
irrigation and
drought
prevention)
Erosion control | Erosion regulation | Erosion Regulation
and sediment prevention (mediation) of mass
retention flows
Climate Climate regulation | Climate Atmospheric
regulation regulation composition and
global climate
regulation
Soil formation | Soil formation Soil fertility Support of soil
(supporting maintenance formation and
service) composition
Pollination Pollination Pollination Lifecycle
maintenance
(including
pollination)
Refuges Biodiversity Lifecycle Life cycle and
(nursery, maintenance habitats maintenance,
migration (esp. nursery) gene pool protection
habitats) Gene pool
protection
Biological Regulation of pests | Biological Support of pest and
control and diseases control disease control
Nutrient cycling | Nutrient cycling X X

and
photosynthesis,
primary
production

(continued)
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Table 1.1 (continued)
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Category pursuant to

Category CICES - Haines-
Costanza et al. | Category pursuant | pursuant to Young and Potschin
ES group 1997 to MEA 2005 TEEB 2010 2018
Cultural Recreation (incl. | Recreation and Recreation and | Physical and
services ecotourism and | ecotourism ecotourism experiential
outdoor interactions
activities) (recreation and
ecotourism)
Cultural (incl. Aesthetic values Aesthetic Experiential
aesthetic, information interactions

artistic, spiritual,
education, and
science)

Cultural diversity

Inspiration for
culture, art, and
design

Representative
interactions
(promotion, art)

Spiritual and
religious values

Spiritual
experience

Spiritual and/or
emblematic
interactions (cultural
heritage)

Knowledge
systems and
educational values

Information for
cognitive
development

Intellectual
interactions
(willingness to
protect nature, moral
aspects)

Source: Costanza et al. (2017), modified

1.3 Basic Assessment Methods of Ecosystems Services

ES assessment is a complex and multidisciplinary issue, and when dealing with this
issue, it is not appropriate to remain at the level of scientific methods. For example,
Goémez-Baggethun et al. (2010) report that assessing ecosystems and their services
should not be seen as a goal, but as a pragmatic tool pointed to the assessment of the
true contribution of nature to human well-being and its incorporation into economic
theory and practical decision-making. Jacobs et al. (2014) state that the ultimate
objective of ES assessment is to contribute to a more sustainable and fair use of
natural resources. Accordingly, Daily (2000) has proposed human well-being as a
unit for ES assessment, with the aim of ES assessment being the improvement of the
well-being of the whole society while respecting the principles of sustainability
(ensuring the needs of the present generation without compromising the needs of
future generations).

Majority of ES experts agree that a number of methods are appropriate for ES
assessment — but in principle, it is possible to summarize them into three basic
groups according to the main principle of assessment and provision of results —bio-
physical methods, sociocultural (non-monetary) methods, and economic (monetary)
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methods. In addition, there are integrated methods which use multiple approaches
and often combine multiple methods. From the point of view of the purpose of the
assessment used, Costanza et al. (2017) recognize methods aimed at raising public
awareness and interest, economic accounting, specific policy analysis, spatial devel-
opment and land use planning, payments for ES, cost accounting, and general asset
management.

Neugarten et al. (2018) provide an overview of ecosystem assessment tools
based mainly on biophysical assessment and modelling (Table 1.2). At the same
time, they created a decision tree for the selection of methods (Fig. 1.3).

The following text provides an overview and a brief description of the most fre-
quently used and recommended methods of ES assessment — more specifically, the
methods are presented in the characteristics of individual ES in the main part of this
publication.

1.3.1 Biophysical/Natural Science Methods

Ecological (biophysical) assessment is usually the first step in ES assessment. It
focuses in particular on assessment of the condition and functioning of ecosystems
and their characteristics, from which the social and economic values are conse-
quently derived. According to de Groot et al. (in Jacobs et al. 2014), the ecological
value includes the ecosystem health with ecological indicators such as diversity or
integrity. In the System of Environmental-Economic Accounting (SEEA; European
Commission 2014), the value in biophysical units represents the quantification of
the flow of assessed services where the ESs are expressed as material and
energy flows.

In order to express the ES value, measurable indicators are most commonly used,
and in justified cases, substitute indicators (proxy-indicators) can be used.
Mathematical and biophysical models (hydrological, climatic, erosion, production,
etc.) are used to express the state, functions, and processes in ecosystems as well as
the ES potential. Specific mapping methods are also often used — for instance, based
on geographic information systems — and allow for spatial rendering of the value or
ES provision and their components (e.g., ES matrix method — Burkhard et al.
2009, 2014).

According to Gomez-Baggethun and De Groot et al. (2010), the main biophysi-
cal method includes the following:

— Ecological footprint — describes the spatial extent of the biologically productive
area which the society uses for its consumption — inputs and outputs (similar are,
e.g., carbon or water footprint)

— Land cover flow analysis — used to monitor changes in natural capital quality and
soil multifunctionality

— Material flow analysis — monitors environmental inputs and outputs within the
socio-economic system metabolism
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Fig. 1.3 Decision process (tree) for ES tool selection. (Source: Neugarten et al. 2018)

— Life cycle analysis — monitors the process of a certain activity or production
cycle from its creation to its completion (liquidation, termination)

— Energy/exergy methods — aim to quantify the amount of energy that needs to be
introduced during the performance of a given (e.g., economic) process

The best known (predominantly biophysical) models used for ES assessment
include the following:

— InVEST: a set of spatial biophysical models for quantifying and assessing ES
benefits created at Stanford University, suitable particularly for local and regional
level (available online: www.naturalcapitalproject.org). Some models are also
designed to describe the ES economic value.

— ESTIMAP: the spatial model used mainly on the continental scale but with sev-
eral applications also on the national level. It enables the assessment of the
impact of different land use change scenarios on ES provision. Eight analytical
models focusing on different regulating ES (e.g., pollination, air quality regula-
tion) are operational at EU level, but the module for assessment of recreational
ES is most commonly used (Zulian et al. 2013, 2018).

— QuickScan: a comprehensive software spatial-statistical tool designed for par-
ticipative decision-making by representatives of various stakeholder groups and
subjects with the participation of experts (Verweij et al. 2016). The model can be
used for different purposes and in different scales (available online: www.quick-
scan.pro).


http://www.naturalcapitalproject.org/
http://www.quickscan.pro
http://www.quickscan.pro
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1.3.2  Sociocultural Methods

There are a number of issues outside the domain of natural sciences which are
related to the assessment of ecosystem services, including those from the social,
cultural, and historical context of this issue. It is therefore logical to use inclusive
assessment with the involvement of stakeholder group representatives (this term
will also be used in other parts of the publication) and the related use of other than
classical natural science methods.

Sociocultural assessment is understood either as a subset or as a synonym of the
so-called non-monetary ES assessment which is focused on the importance, prefer-
ences, needs, or requirements which people express in relation to nature (de Groot
et al. 2010; Chan et al. 2016; Castro et al. 2014). The number of studies using these
methods for ES assessment is still growing, and so the sociocultural methods are
becoming an accepted part of the ES concept, although they still do not have fully
established methodological background (Gémez-Baggethun et al. 2014).

Sociocultural methods are mostly based on qualitative data — especially on value
estimates or the importance of individual ES, they express the social preferences of
people and population groups with respect to the ES. These are the so-called delib-
erative methods which use, for example, the expression of relative significance
instead of monetary or economic values. They are often based on collective and
interactive procedures — for example workshops, meetings, structured interviews, or
questionnaire methods. So, it is not so much about determining the exact value (for
example, the suitability of the territory for the provision of the given ES), rather
than attaining approval, or agreement on a particular assessment or solution.

Sociocultural assessment includes a wide range of methods, the most commonly
used of which are the following (according to Santos-Martin et al. 2017):

— Preference assessment — consultation method for analysing the perception, rec-
ognising, and assessment of the demand or use of the ES.

— Time use methods — determining respondents’ willingness to devote time to
changing ES quality or quantity

— Photo-elicitation survey — exploring the value of a particular place in terms of ES
provision based on respondents’ perceptions and feelings

— Narrative methods — methods using description or specific story to express eco-
system/landscape value from an ES perspective

— Participatory mapping — ES assessment with participation and application of
knowledge of various stakeholders of the society

— Scenario planning — creating possible future scenarios and assessing their rela-
tionship with ES utilization (usually with participatory methods)

— Deliberative methods — assessment and decision-making (including ES issue)
through an open discussion of stakeholder representatives
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1.3.3 Economic/Monetary Methods

Considering that most ESs are public goods (not directly part of the market), their
economic value is usually not adequately reflected in market-based processes, and
thus they are threatened by overuse or deterioration. One of the main goals of eco-
nomic assessment is to avoid such a scenario by better reflecting the economic value
of the ES into the decision-making processes.

In this context, it is especially the issue of assessment of the so-called externali-
ties (such as the related effects and costs of ES use, which are not directly included
in the ES price) and their incorporation into economic accounting and decision-
making processes — this process is the domain of environmental economics. To this
end, economists use mainly the concept of fotal economic value, which is composed
of both use and non-use values. To capture these values, economics uses a variety of
methods — primary methods or value transfer methods. For primary methods, direct
market methods (in particular market prices and interactions) are used — if such
information is not available, then parallel or hypothetical markets based on prefer-
ence surveys are used. If no such data is available or a survey cannot be conducted
directly in the research area, then the information obtained in other research is used,
i.e. the mentioned transfer of values.

Overview of used economic (especially monetary) methods of ES assessment:

— Direct valuation methods: in particular market price, avoided damage method,
prevention cost, restoration cost, production function, spared government spend-
ing, and others — consist of a direct ES financial valuation

— Revealed preference methods: travel costs, hedonic pricing, opportunity costs —
an estimate of the ES values through similar real functions or services in the
landscape

— Stated preference methods: contingent valuation, choice experiments — an esti-
mate of the ES value through the preferences (statements) of the respondents

— Benefit/value transfer methods: ES valuation in model territory based on research
from existing primary assessment studies from other territories or political
contexts

In conclusion, it needs to be pointed out that the attitudes on the ES monetary
assessment vary. Although most scientists recognize its need (especially as a tool to
raise awareness or to compare the cost of different alternatives to improve ES provi-
sion), some authors argue the usefulness of economic assessment. For example,
according to Spangenberg and Settele (2010), the ES monetary assessment fails to
capture the ES value in a broader sense, ignoring their social and ecological quali-
ties perceived by ES beneficiaries at different levels. Norgaard (2000) states that
current monetary assessment methods only help us see ES values from an unsus-
tainable economic point of view and not from the desirable sustainable economic
model. The ethical dimension of nature services assessment is also frequently dis-
cussed (e.g., Chan et al. 2016; Jax et al. 2013). Overall, there resonates a need for
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the economic assessment to be broadened into a wider ES assessment context with
its main role as a supporting tool for moving towards a sustainable society.

1.3.4 Integrated Assessment of ES

Given the complexity of assessing the ES issues and the value pluralism associated
with it (de Groot et al. 2002; Gémez-Baggethun and de Groot 2010; Jax et al. 2013),
there is a consensus in the scientific community concerning the need to link differ-
ent ES assessment methods and the development of the so-called integrated assess-
ment methods. Significant progress has been made in the area of integrated ES
assessment in recent years — in particular through scientific projects aimed at trans-
ferring research results to management and decision-making practice (OpenNESS
and ESMERALDA projects — see below in Sect. 1.4).

An overview of various methods which can be used for the ES assessment and
the interconnections between them is shown in Fig. 1.4 — it is a summary of the
methods used in the OpenNESS project according to Barton and Harrison (2017).
Obviously, interpreting the results achieved using a variety of different methods is
not easy — the integrated methods should formalize and facilitate the process. For
example, the framework for integrated assessment is also mentioned by Gémez-
Baggethun and Barton (2013) — according to them, it is necessary to define the
purpose of the assessment and the policy context, the degree of accuracy required,
spatial resolution, and geographic scale — and only then select the appropriate
methods.

In general, integrated methods are used for the overall assessment of the final
benefits of the ESs for human well-being or quality of life. They also help with the
decision on priorities for the use of individual ESs, which are expressed in different
units and different methods. For this purpose, the following are used, for instance:

— Multi-criteria decision analysis (MCDA) — a participatory tool used to link eco-
logical, sociocultural, and economic contexts through an assessment and discus-
sion framework involving various stakeholder groups (a specific policy
framework), using modelling.

— Bayesian belief networks (BBN) — probabilistic models (charts) for decision-
making in different probability conditions. They allow the gradual creation of a
model decision network and assessing their likely consequences.

— State and transition models (STM) — expert modelling of the probable changes in
the state of ecosystems, their properties, and their functions due to various deci-
sions. They can be linked to spatial geographic information system (GIS) models.

— Scenario development — defining several possible directions for further
development of a certain territory, based on verified assumptions about substan-
tial trends and drivers. It is important to involve stakeholders in this process.

— Deliberative valuation — it is not a method but rather an assessment framework,
based on a combination of multiple methods and techniques, involving research-
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ers and representatives of different stakeholder groups. The result is achieved by
mutual discussion and open dialogue, preferably by the consensus of a majority.

Several of these methods, or procedures, not only are integration but also can be
described as combined — they also use the techniques of biophysical, sociocultural,
and partly economic assessment.

Since the issue of integrated assessment is very complex, it cannot be summa-
rized in a limited extent. Those interested in this area of research can find more
information for further study in the work by Barton and Harrison (2017).

1.4 Process of Ecosystem Services Assessment
in the European Union

1.4.1 Policy Context of ES Assessment

The EU became one of the leaders of the research and implementation of the eco-
system services concept. In particular, after 2010, the EU has adopted several
important documents in the field of natural resources protection and biodiversity
promotion — from the 1998 strategy through 2001 and 2006 action plans to the cur-
rent EU biodiversity strategy 2020 adopted in 2011. The introduction of this strat-
egy emphasizes the importance of biodiversity as part of natural capital in terms of
ES provision and the overall standard of living (quality of life) of people. The strat-
egy aims to reverse the loss of biodiversity and accelerate the EU’s transition to a
resource-efficient green economy.

The vision of EU biodiversity policy by 2050 is the protection, valuation, and
adequate restoration of biodiversity and ecosystem services (natural capital) it pro-
vides. The main reason is the intrinsic value of biodiversity and its fundamental
contribution to the standard of living and economic prosperity. The main goal by
2020 is to stop the loss of biodiversity and ES degradation within the EU and restore
them to the fullest extent possible while increasing the EU’s contribution to prevent-
ing global biodiversity loss.

The EU 2020 biodiversity strategy consists of 6 targets and 20 actions focused on
halting biodiversity loss and the degradation of ecosystem services. ESs were
included in target no. 2 Maintaining and enhancing ecosystems and their services,
which specifies the following:

By 2020, ecosystems and their services are maintained and enhanced by establishing green
infrastructure and restoring at least 15% of degraded ecosystems (European
Commission 2011).

Special emphasis on ES has been transferred into action no. 5:

Member States, with the assistance of the Commission, will map and assess the state of
ecosystems and their services in their national territory by 2014, assess the economic value
of such services, and promote the integration of these values into accounting and reporting
systems at EU and national level by 2020 (European Commission 2011).
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In order to support this goal, the European Commission has initiated the creation
of an expert group on MAES (available online: www.biodiversity.europa.eu/mae).
Within this group, much progress has been achieved in most EU Member States in
the area of ES assessment. More support was provided by the EU-funded interna-
tional scientific projects, in particular, OpenNESS (available online: www.openness-
project.eu), aimed at operationalizing the concept of natural capital and ES;
OPERAs (available online: www.operas-project.eu), focusing on how these con-
cepts can be transferred from academia to practice; and ESMERALDA (available
online: www.esmeralda-project.eu), which builds on both previous projects, with
the goal to create a flexible methodology for ES assessment at European level as
well as regional or local level.

A valuable output of the OpenNESS project includes 27 model studies at local
and regional levels in 13 European and 4 non-European countries (for more infor-
mation on outputs — Wijnja et al. 2016; Dick et al. 2018). An interesting tool could
also be found in the Oppla platform (available online: www.oppla.eu), which is an
open marketplace of knowledge about ES, natural capital, and nature-based solu-
tions where experts from various fields — science, research and practice, public and
private sectors, individuals, and small and large organizations — may find answers to
related questions (Izakovicovad et al. 2017).

1.4.2 National ES Assessments in Europe

National ES assessments in European countries are one of the main outcomes of the
biodiversity protection strategy commitments and the functioning of the MAES
working group. As part of the ESMERALDA project, a so-called MAES barometer
has been prepared and is assessed. The barometer maps progress across individual
countries (Fig. 1.5). According to this assessment, some countries have already
achieved full implementation (not only the ecosystem and ES assessment but also

ESMERALDA MAES barometer March 2019
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Fig. 1.5 ESMERALDA MAES barometer: EU Member States’ progress in the assessment and
implementation of the ES concept in the period 01/2016-03/2019. (Source: Biodiversity
Information System for Europe (https://biodiversity.europa.eu/maes))
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their integration in national policies) — the countries include the United Kingdom,
the Netherlands, Ireland, Finland, and Bulgaria. Other countries are significantly
approaching this objective (Italy, Romania, France). For the period since 2015,
Greece, Ireland, Bulgaria, Romania, Estonia, and Slovenia have made the largest
progress. The overall level of implementation (valid on March 2019) was assessed
at 70% — unfortunately, Slovakia only reaches 20% and is at the very end of the
ranking together with Cyprus.

The unflattering position of the SR is a consequence of the halting of the MAES
process practically in the very beginning and the absence of financial resources to
ensure a national ES assessment.

Table 1.3 provides an overview of national ES assessments with available infor-
mation according to literature analysis and work by Schréter et al. (2016). In addi-
tion to the specified countries, several countries do not have national assessments
available and published in English, or in progress of preparation (Bulgaria, Hungary,
Italy, France, Greece). In addition to EU countries, Norway, Russia, and Israel are
included in the table, for which background studies were available.

Table 1.3 Overview of national assessments of ES and the number of assessed ES by main groups

ES | Provisioning | Regulating and | Cultural

Country total | ES supporting ES | ES Citation

Czech 18 7 5/4 2 Frélichova et al. (2014),

Republic (CZ) Vackar et al. (2018)

Denmark (DK) | 11 3 1/2 5 Turner et al. (2014)

Finland (FI) 28 10 8/4 6 Jappinen and Heliola
(2015)

Flanders (BE) | 16 5 6/4 1 Stevens et al. (2015)

Netherlands 19 5 5/5 4 CBS (2015), PBL

(NL) Netherlands (2019)

Ireland (IE) 28 9 5/6 8 Parker et al. (2016)

Lithuania (LT) | 31 14 6/5 6 Depellegrin et al. (2016)

Luxembourg 13 4 4/4 1 Becerra-Jurado et al.

(LU) (2016)

Germany (DE) | 18 5 5/5 3 Rabe et al. (2016), Albert

et al. (2016), Grunewald
et al. (2016)

Romania (RO) | 12 4 3/2 3 NEPA. (2017)

Russia (RU) 19 4 6/4 5 Bukvareva et al. (2017)
Spain (SP) 22 7 4/4 7 Santos-Martin et al. (2016)
Great Britain | 26 12 4/5 5 UK NEA (2011)

(UK)

Portugal (PT) |6 3 0/3 4 Schroter et al. (2016)
Norway (NO) |26 7 5/5 9 Schréter et al. (2016)
Israel (IS) 3+ 0 0/3 1 Lotan et al. (2018)

Italy (IT) 5+ 0 2/2 1 Giarratano et al. (2018)

The numbers in the cells indicate the number of assessed ES
*Assessments of only some ES available
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The analysis of the studies shows some generalizations which can also be used

for the process of preparing the ES national assessment in Slovakia. Here are the
main facts:

The number of ES for assessment in individual countries varies significantly but
is on average 15-20 ES. The lowest number (3—6 ES) is reported by IS, IT, and
PT; by contrast, the largest number (2628 ES) is reported by NO, UK, FI, and IE.
The emphasis on ES representation by main groups varies — some countries have
over-represented provisioning ES (FI, LT, GB), other cultural ES (DK, IR, NO,
SP). Regulating and supporting ES are significantly represented in almost all
countries.

Ecosystem maps were used as an important basis for the ES assessment for most
countries. Some countries (LT, RU) used simpler land use maps or Corine Land
Cover maps.

Most countries use other indicators for the assessment of the ES — the natural
environment properties database is standard, and it is further used for the selec-
tion of indicators, the creation of maps in the GIS, and the possible use of models.
The most sophisticated indicator system is used by FI, LU, IE, UK, BE, and NL.
ES assessment methods vary significantly across countries. Simple methods
include mainly the use of the so-called assessment matrix (ES matrix — Burkhard
et al. 2009, 2014) — this was used as the main method in, for example, national
studies of LI and RU.

More complex procedures in the form of ES mapping, ES indicators, and statisti-
cal data evaluation were, for example, presented in studies of BE, NL, UK,
RO, and SP.

Biophysical models have been used for the ES part in different countries — DK,
FI, DE, IE, IT, and LU.

The economic valuation of the ES in the form of the benefit transfer method was
used by CZ, IT, UK, FI, and SP.

Most of the studies focus on the current status and trends related to ES value, but
some also offer future development scenarios (UK, PT, SP).

Most of the studies address not only the ES capacity issues but also the demand
and current ES flow issues and compare them in different ways. The most com-
mon include statistical evaluations of relationships between these categories for
administrative units — regions (e.g., DK, DE).

1.5 Ecosystem Services Assessment in the Slovak Republic

1.5.1 Policy Process of ES Assessment

As is clear from the previous text, the implementation rate of the ES concept in the
SR is one of the lowest in the whole of EU. However, this is mainly due to political
factors, not a lack of expertise or necessary data. Unfortunately, in the previous
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period, there was not enough political will to ensure the assessment process, even
though this process is required by the approved documents. The assessment of the
current state of application of the ES concept in Slovakia at the political level (plan-
ning and decision-making at the national, regional, and local level) is part of the
study by Bezdk et al. (2017), which, in addition to analysing the current situation,
also provides the basis for better implementation of the ES concept.

In 2012, following the adoption of the European strategy and tasks defined by the
strategy, the SR prepared the Updated National Strategy for Biodiversity Protection
for 2012-2020. The strategy was adopted by the Government Decree no. 12/2014
(MoE SR 2014). The aim is to create a policy framework to halt the loss of biodi-
versity and to accelerate the transition of the SR as an EU member country to the
green economy, which uses natural genetic resources in accordance with the Europe
2020 Strategy. The key objective of the strategy is to halt the loss of biodiversity and
the degradation of ecosystems and their services in the SR by 2020, to restore bio-
diversity and ecosystems to an appropriate extent, and to increase our contribution
to preventing global biodiversity loss.

The vision set by the SR in this document is as follows:

Natural Capital of the SR — biodiversity, ES and related goods are sufficiently protected by
2050, regularly assessed, wisely used and, where appropriate, restored due to their intrinsic
values and for their significant contribution to the welfare and economic prosperity of the
Slovak Republic. Adopted measures and policies at the national level prevent the adverse
changes which the loss of natural capital would cause.

The strategy includes nine objectives, which are largely based on European
objectives. Each of them focuses on a specific issue, with Objectives 1-3 being
established for the protection and restoration of biodiversity and related ES. In par-
ticular, Objective 3 is important from an ES perspective:

Ensure the maintenance and strengthening of ecosystems and their services by 2020 through

the establishment of green infrastructure and the restoration of at least 15% of degraded
ecosystems.

The following measures are important in particular for the identification, assess-
ment, and subsequent protection of ecosystems and their services:

— Improve knowledge of ecosystems and services provided through mapping and
assessing the status of ecosystems and their services in the SR

— Prepare a system of assessment and economic valuation of ES and goods and
propose a comprehensive system of payments for ES use, taking into account
existing systems and mechanisms

However, the achievement of this ambitious objective and the measures outlined
above is unrealistic within the given timeframe by 2020 — therefore, the objectives
will have to be revised or deadlines moved.

Following the national strategy for biodiversity, the ES concept was also trans-
formed into the Environmental Policy Strategy of SR 2030 entitled Greener Slovakia
(approved by the Slovak Government in February 2019). One of the measures is to
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assess and sustainably use the ES. In relation to ES, the environmental strategy
states the following:

By 2030, all ESs will be taken into account equally and shall be implemented within the
national accounting system. The ESs will be assessed and quantified and taken into account
when considering investments and policies as well as in environmental impact assessments.
The establishment of a comprehensive ES assessment system and sustainable use of ESs
will be supported and the possibilities for monetization will be considered. Payments for
ESs will create sufficient incentives to maintain them.

These measures will also be developed in the Nature and Landscape Protection
Framework by 2030.

In 2014, an expert working group MAES was established under the Ministry of
the Environment, focusing on the achievement of Target 2 of the EU Biodiversity
Strategy, i.e. mapping and assessing ecosystems and services provided by them. The
group met more regularly in the period from 2014 to 2016 and met again in 2018.
The group consists mainly of representatives of various ministerial professional
organizations and institutions, academia, and local governments. Experts from the
SNC SR were also part of the expert group, and they started the preparation of sev-
eral activities and documents necessary for the assessment of the ES at the national
level. An initial ecosystem map of Slovakia was prepared (Cernecky et al. 2020),
using data from various sectors (mainly from nature protection, agriculture, and
forestry). In 2019, the verification process of the map commenced by botanists
directly in the field (25 SNC SR employees) — in the first year, about 10% of the
Slovak territory should be verified.

In the period from 2017 to 2018, Slovakia was represented by MoE SR in the
international project ESMERALDA, funded by the EU Framework Program for
research and innovation — Horizon 2020. Representatives of all EU Member States
as well as some associated countries participated in the project. The project estab-
lished a flexible methodology for mapping and assessing ecosystems and services
provided by these ecosystems on a pan-European, national, and regional level. One
of the outputs was the so-called MAES Explorer, a publicly available online tool to
help implement EU Biodiversity Strategy Target 2 (available online: http://www.
maes-explorer.eu/). Another tool provided was the so-called Methods Explorer,
which provides a clear structured database of ES mapping and assessment methods.

Other activities related to the ES concept worth mentioning include in particular
the systematic monitoring of habitats and species of community interest (66 habitat
types and 196 species), which is an important database necessary for the assessment
of many ES aspects. As part of the monitoring since 2013 under the professional guid-
ance of SNC SR, comprehensive monitoring is conducted on more than 10,000 per-
manent monitoring sites. It is the largest field data collection in the history of Slovakia,
which has so far involved more than 400 experts. The first stage of monitoring con-
sisted of field collection, processing, and evaluation of data on the status of individual
habitats and species of European importance. The results of this project and further
information are available in publications by Sefferovd Stanovd and Galvinkova
(2015) and Jandk et al. (2015). At the same time, the Comprehensive Information
and Monitoring System (CIMS; available online: www.biomonitoring.sk)


http://www.maes-explorer.eu/
http://www.maes-explorer.eu/
http://www.biomonitoring.sk

1 Overview of the Ecosystem Services Concept 25

was established, which aggregates the occurrence data on habitats and species in
Slovakia provided by experts and the general public. In the current programming
period, the Monitoring II project is approved, and SNC SR is preparing two larger
projects with nationwide coverage. The first project is focused on management mea-
sures in non-forest habitats and the second on nature-based forest management in
protected areas.

Another possibility and opportunity for improving the state of knowledge and
implementation of management measures in the field of biodiversity protection and
the ES is the Operational Programme Quality of Environment (OP QE), which is a
programme document of the SR for drawing assistance from the EU Structural
Funds and the Cohesion Fund in the 2014-2020 programme period. In terms of ES
assessment, it is important to develop projects under priority axis 1 Sustainable use
of natural resources through the development of environmental infrastructure, espe-
cially in investment priority 2.2 Biodiversity and soil protection and restoration and
ES support, including NATURA 2000 and green infrastructure network. This prior-
ity offers opportunities to finance activities and measures for the conservation and
improvement of habitats or ecosystems and thus directly supports the provision of
ES in Slovakia. However, the support from the operational programme is limited by
the duration of the programme period, and therefore, it is necessary to introduce
systematic financing for support, restoration, and conservation of habitats in
Slovakia by the MoE SR. The next step should be to involve small owners — local
stakeholders — in the restoration of biodiversity and support them financially, for
example through Envirofond.

The above-mentioned processes implemented by MoE SR (especially SNC SR)
are a basic prerequisite for an adequate ES assessment. Notwithstanding, much
more accurate and diverse data would be needed for a comprehensive ES assess-
ment, but these are not currently being collected and are not supposed to be col-
lected in the near future. Essentially, basic data sources lack quality and quantity,
because data is often outdated, inaccurate, or incomplete. Despite the unfavourable
situation, SNC SR is actively preparing a monograph in this area, which will, upon
completion, present a national ES assessment from the perspective of an ecosystem
approach based on the above-mentioned data sources.

1.5.2 Expert Level of ES Assessment

Although the ES concept is not as politically well established in Slovakia as in other
European countries, its application has been gradually increasing in recent years,
especially in the expert field, for example, in the valuation of functions and services
of nature in protected areas, assessment of forest functions, agricultural soils assess-
ment, assessment of historical agricultural landscape structures, and others.

The issue of ES research and assessment in the SR is currently investigated as
part of the research tasks and scientific projects of various workplaces, with partial
results and case studies being published (active workplaces in this area include
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mainly the Institute of Landscape Ecology of SAS, National Forest Centre, and
National Agricultural and Food Centre). This also applies to research conducted by
Slovak universities, which is fragmented into research projects and tasks of indi-
vidual entities (especially Comenius University in Bratislava, Slovak University of
Technology in Bratislava, Constantine the Philosopher University in Nitra, Slovak
University of Agriculture in Nitra, Technical University in Zvolen, Matej Bel
University in Banska Bystrica). Most of the existing spatial and database materials
and partly the research capacities are concentrated in two research organizations
within the MoE (Slovak Environmental Agency and State Nature Conservation).
Research coordination and joint projects are rare, so the exchange of experience and
presentation at various professional and scientific events is more implemented.

PhD research at some universities and research organizations is also focused on
the education and preparation of ES specialists (11 dissertations with the ES topic
were prepared in the SR in the period from 2014 to 2018, of which 5 were prepared
at Constantine the Philosopher University in Nitra and 3 at the Slovak University of
Agriculture in Nitra). The ES issues are also addressed in the final thesis of students
of the above-mentioned universities (in the same period, approximately 75 bachelor
and master theses focused on the ES assessment in general or in a particular terri-
tory — most at the Slovak University of Agriculture in Nitra, Matej Bel University in
Banskd Bystrica, Technical University in Zvolen, and Slovak University of
Technology in Bratislava).

Some of the first research publications comprehensively assessing the non-
production functions of forest ecosystems and vegetation in Slovakia generally
include Papanek (1978), Midriak et al. (1981), and Jurko (1990), with Elias (1983,
2010) also focusing on this issue for a long period of time.

The ES concept is relatively best elaborated for forestry and nature conservation
areas. The topic of forest ES and their assessment is mainly addressed by the
researchers of the National Forest Centre and Technical University in Zvolen (e.g.,
Caboun et al. 2008; Koval&ik and Tutka 2008; Caboun et al. 2010, 2014; Konopka
2010, 2012; Sarvasova and Salka 2012; Salka and Dobginska 2013 Sarvasovd et al.
2014; Stérbova 2017; Salka et al. 2017). In terms of theory, this topic was elaborated
by, for example, Voloscuk (2013); also, the publication Schneider et al. (2016) could
be useful for the Slovak studies. From the ES assessments of protected areas, it is
possible to mention several publications — assessment of the Tatransky narodny park
(Flizyova et al. 2009; Brezovska and Holécy 2009; Svajda 2009; Fleischer et al.
2017), National Park (NP) Slovensky raj (Getzner 2009), NP Velka Fatra (Povazan
et al. 2014a), Nizkotatransky NP (gpulerové et al. 2016) and NP Muranska Planina
(Povazan et al. 2015). More generally, the ES of protected areas was mainly the
topic of Povazan et al. (2014b).

In the field of soil science and agriculture, attention was initially given to soil
production functions (the concept is summarized, for example, in Dzatko 2002).
Especially after 2000, researchers began to put more attention on the complex of
non-production soil functions (e.g., Hronec et al. 2005; Bujnovsky et al. 2009;
Tutka et al. 2009; Bujnovsky 2011). Among the more recent studies, we can men-
tion especially the articles of Vil¢ek (2011, 2014), Vilcek and Koco (2018),
Kanianska (2014), Kanianska et al. (2016), Makovnikova et al. (2016, 2017), and
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Kizekova et al. (2016, 2018). The leader in this field is NPPC — Soil Science and
Conservation Research Institute and Matej Bel University in Banska Bystrica.

Hydrological ES of Slovakia research is being developed within the Water
Research Institute (Bujnovsky 2018) and Slovak Agricultural University in Nitra
(Jurik et al. 2017).

The assessment of the ES of historical structures of the agricultural landscape is
mainly addressed by the Institute of Landscape Ecology of SAS (e.g., Spulerova
2006; gpulerové etal. 2014, 2017, 2018; Lieskovsky et al. 2015). The assessment of
the functions and services of vegetation in the residential environment is addressed
by, for example, Supuka et al. 1991, 2000, Rehac¢kova and PauditSova 2006, and
Turanovi¢ova and R6zova 2017.

Participatory mapping and socio-economic assessment of ES have been addressed
by, foe example, Bezdk and Bezdkova (2014), Kluvankova-Oravska and Chobotova
(2010), Kluvankova-Oravska et al. (2013), and Kluvankova and Brnkal’dkova (2017).

Of the more extensive ES assessment studies in specific model territories, it is
worth to mention the case study of the OpenNESS EU project, which was con-
ducted in the period from 2013 to 2016 at two institutions (Institute of Landscape
Ecology SAS and Regioplan Nitra). In addition to analysing the current state of
application of the ES concept in Slovakia (Bezdk et al. 2017), the study also focused
on the elaboration and direct implementation of several methods of ES assessment
on the example of the model area of Trnava and its functional urban area (Mederly
et al. 2017). Based on all project outputs, a proposal for appropriate landscape and
spatial planning procedures has been developed, particularly with regard to the inte-
gration of the ES concept into the planning and decision-making process
(Izakovicovd et al. 2017).

1.5.3 Background for the ES Catalogue

Finally, as a starting point for the ES assessment in Slovakia, it is appropriate to
quote the conclusions from the article by Izakovicova et al. 2017, which summa-
rizes the results of the OpenNESS case study in the Trnava model territory:

The ES concept is relatively unknown in Slovak terms, as evidenced by the results of the
conducted research. Given the prevailing sectoral approach to the planning process in
Slovakia and the poor application of integrated policies or strategies, the implementation of
the ES concept is quite limited. The ES are not reflected in national strategic documents or
laws which would be binding for the local implementation of spatial policies. The public
interests represented by the ES are suppressed by local, mostly individual preferences. The
ES concept, which represents an integrated approach to landscape assessment with a focus
on participatory methods, has a great potential to streamline spatial planning in Slovakia.
When considering the effective implementation of the ES concept, the following will be
necessary:

— implement the ES concept into the environmental policy and legislation, i.e. to
change the legislation of spatial planning and nature and landscape protection, and
subsequently modify landscape documentation methodologies;
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— implement the integrated principles and participative methods of the ES concept in
spatial-planning processes and reflect the ES concept in sectoral plans while harmo-
nizing the objectives of sectoral policies;

— develop a national ES strategy in Slovakia and develop a national, regional and local
ES assessment methodology;

— set up stakeholders at different spatial levels to support the implementation of the ES
concept and overcome gaps, by the top-down approach — from national strategies to
local implementation;

— focus on the mandatory incorporation of the ES concept, in particular in local strate-
gies, which are mandatory as part of EU funding applications (e.g., PESD);

— ensure effective education, training and dissemination.
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