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Abstract
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The primary aim of the article is to obtain an overview of benefits from the actual use of inland 
water ecosystem services (ESSs) in Slovakia. The evaluation, which includes both surface water 
and groundwater, is primarily focused on demand side. Methods for assessing the benefits of the 
most prevalent ESSs, designated by Common International Classification of Ecosystem Services 
(CICES classification) v. 4.3, are described and discussed. The evaluation is performed at the level 
of 10 sub-basins to which available data are allocated. In the absence of necessary data or the im-
possibility of allocating them to sub-basins, the benefit from the use of some ESSs is estimated at 
the level of whole Slovak territory. The use of ESSs valuation in practice, especially with regard to 
water protection of surface water and groundwater, is discussed. The evaluation of benefits from 
ESSs of inland waters in Slovakia so far does not allow direct use of obtained results for proposal 
of measures within river basin management plans as suggested by several authors. Main reason 
is the input data availability and quality. At the present time, the significance of the ESSs evalua-
tion may rather lie in the awareness of the value that human society gains from the use of inland 
waters. It becomes more evident that increase in environmental awareness alone is not sufficient 
in terms of the protection of ecosystems and their services. To achieve unambiguous and lasting 
improvement in this area, it is necessary to address the deeper causes, closely related to human 
thinking and behaviour.

Key words: inland waters, surface waters, groundwater, ecosystem services, evaluation methods, 
benefits.

introduction

In the past decades, the concept of ecosystem services (ESSs) has been the subject of great at-
tention, which confirms the wide range of publications related to different types of ecosystems 
− their mapping, evaluation and use or protection (e.g. Farber et al., 2006; Boyd, Banzhaf, 2007; 
DeGroot et al., 2010; Maes et al., 2011; Burkhard et al., 2012; DeGroot et al., 2012; COWI, 
2014b; Schröter et al., 2014; Grizzetti et al., 2015a; Seifert-Dähnn et al., 2015; Maes et al., 2016).

ESSs represent the outputs of natural systems from which people have or may have bene-
fits. The importance of water as a natural resource and aquatic ecosystems for human society 
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results from the provision of a whole range of functions and subsequently ESSs that meet 
human needs, either directly or indirectly. Relevant types of benefits from these ESSs are 
indicated in Table 1. As stated by Schröter et al. (2014), the concept of ESSs is primarily 
anthropocentric, giving rise to a considerable wave of criticism as well as advocacy of the 
concept.

Owing to declining of ecological life-support systems in consequence of anthropogenic 
pressures, as pointed in many documents and papers (e.g. Millennium Assessment, 2005; 
EEA, 2015), there arises the need of effective protection of environment, biota inclusive. 

Ecosystem services benefits from Esss
surface water

provisional Biomass form aquaculture Water animals – namely, fishes

Raw water Water for drinking purposes,
Water for crop irrigation,
Water as raw material and cooling
medium in industry

Materials (the consequence of
substances accumulation)

Gravel, sands (possibly riverbed 
sediments)

Renewable energy Electricity production 
regulation and
maintenance

Regulation of water quality Nitrogen retention

Transportation medium Ship transportation on Danube River

Habitat preservation, biodiversity Creation of conditions for aquatic 
biotopes

cultural Physical interaction with inland
water ecosystems 

Recreational activities (recreational 
fishing, bathing, water tourisms)

Intellectual, symbolic and
spiritual interactions with 
ecosystems

Object of research and education, 
relaxing, national identity and cultural
heritage

Groundwater
provisional
 
 

Raw water Water for drinking purposes,
Water for crop irrigation,
Water as raw material and cooling
medium in industry

Renewable energy Source of geothermal energy
regulation and
maintenance

Habitat preservation, biodiversity Creation of conditions for water 
influenced (especially terrestrial) 
biotopes

cultural Physical interaction with inland 
water ecosystems 

Recreational activities on exposed 
groundwater (fishing, bathing)

T a b l e  1. Significant ecosystem services of inland waters and related benefits from their provision in Slovak conditions 
(Bujnovský, 2015 – revised).
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Improving management and preventing overexploitation of natural resources, together 
with the value of ESSs, is one of the objectives of the renewed EU Sustainable Development 
Strategy. The assessment of ESSs is also enshrined in the EU Biodiversity Strategy by 2020. 
Achieving Goal 4 of the EU Biodiversity Strategy 2020 corresponds to a certain extent with 
the assessment of ecosystem services linked to inland waters (rivers and lakes).

Understanding, mapping and evaluation of benefits from ecosystem and biodiversity is 
considered to be the first step to enhance their protection (Maes et al., 2011) especially if 
they had been integrated into the relevant policies. One of these policies is also water pol-
icy, incorporated in the Water Framework Directive, and corresponds with inland waters.

There are two aspects of the evaluation of ecosystem services, namely, the supply and 
demand, which together determine their value (Austin et al., 2012). Even though there 
may be discrepancies between supply and demand parts (Burkhard et al., 2012), the actual 
water use (which can be considered as a proxy of demand) is easily identifiable and the 
relevant data can be more accessible.

material and methods

The evaluation of ESSs of inland waters, which includes both surface water and groundwater (where relevant), 
is based on CICES v. 4.3 classification (Haines-Young, Potschin, 2013) and primarily focused on demand side, 
which indicates their actual use (see Table 1). The evaluation of ESSs, which consists of quantifying of given ESS 
in biophysical terms and selection of an appropriate economic valuation tool, is mainly based on relevant docu-
ments (COWI, 2014a,b; Grizzetti et al., 2015a,b) and more is described and discussed in next part. The assess-
ment of water use suitability for a particular purpose (representing a specific ESS) is based on the assumption 
that the water quality complies with the relevant requirements what is actual especially for raw water for drinking 
purposes, water for crop irrigation, recreational fishing, bathing as well as for biomass – water animals, habitat 
preservation and biodiversity.

Fig. 1. Definition of sub-basins in Slovakia.
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The evaluation is performed at the level of 10 sub-basins of Slovakia (see Fig. 1), to which available data (related 
to consumption or utilisation of water, fish catches or number of visitors) are allocated. It concerns the following ESSs:

•	 provision of raw water for drinking purposes,
•	 provision of water for crop irrigation,
•	 provision of gravel and sand,
•	 provision of renewable energy (water as medium for electricity production),
•	 transportation medium – ship transportation on the Danube River (relevant just for one sub-basin),
•	 physical interaction with inland water ecosystems – recreational fishing,
•	 physical interaction with inland water ecosystems – bathing.
In the absence of data, the benefit from the use of some ESSs is estimated at the level of whole territory of Slo-

vakia and concerns the following ESSs:
•	 provision of biomass – water animals, namely, fishes from aquaculture,
•	 provision of water as raw material and cooling medium in industry (except energetic industry),
•	 regulation of water quality – nitrogen retention in surface waters,
•	 habitat preservation and biodiversity,
•	 intellectual, symbolic and spiritual interactions with inland water ecosystems.
The primary aim of the article is to obtain an overview of benefits from inland water ESSs used in Slovakia, which are ex-

pressed by monetary values. This is preceded by the choice of economic assessment methods and the corresponding biophysical 
assessment. As detecting the preferences of people and their willingness to pay for ESSs is in many cases burdened with insuffi-
cient awareness of real meaning of functions and services provided by ecosystem (e.g. Chee, 2004; Brouwer, 2008), for economic 
evaluation of most ESSs, non-preferential methods are used. As indicated by several articles, these methods are suitable for 
economic valuation of benefits from the production and regulation of ESSs (COWI, 2014a,b; Rohani, 2013; Grizzetti et al., 2016).

results and discussion

Provision of biomass – water animals, namely, fishes from aquaculture

This ecosystem service corresponds to fish farming in watercourses and reservoirs and basi-
cally represents a purposeful anthropic regulation of the populations of selected fish species 
and their breeding. According to COWI (2014a,b), this ESS includes not only fish farming 
but also recreational fishing. In this article, recreational fishing is classified as cultural ser-
vice. Estimate of the benefit from the use of this EES presupposes the availability of informa-
tion on the annual production of individual fish species and their market valuation, which 
corresponds with approach published in COWI (2014a,b) and Grizzetti et al. (2015a).

Owing to restricted data availability, valuation of referred ESS is performed via estimation 
of benefit based on annual production of lowland and trout species in 2011, undertaken from 
National Strategic Plan for the Development of Aquaculture in Slovak Republic in the period 
2014−2020 (MoA & RD, 2013), and their market valuation is estimated from the Slovak Fishing 
Association price list (5 and 12 €/kg of lowland and trout fish production). Indicative value of 
catch is subsequently reduced by the cost of artificial restocking. The benefit from the use of this 
ESS can be around 4 million €. As the effect of negative externalities is not taken into account, this 
value can be considered as overestimated.

Provision of raw water for drinking purposes

Estimating the benefit from the use of this ESS basically lies in an expression of the economic 
value of raw water, which depends mainly on the sufficiency of exploitable water in the water 
source and its quality (Elsin et al., 2010; Morris, Camino, 2011; NCGRT, 2013). 
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Valuation of specified ESS, performed at sub-basins level, is based on the amount of ab-
stracted surface or ground water (data obtained from Slovak Hydrometeorological Institute) 
and the use of regulated market prices, which corresponds with recommended procedures 
(COWI, 2014a,b). Abstracted water, treated subsequently for drinking purposes, is provision-
ally priced in terms of price decision of the Regulatory Office for Network Industries (ÚRSO) 
for the Slovak Water Management Enterprise (state company) as average for the period 2011–
2013 (0.1101 € m−3). The same price is used for both surface water and groundwater, despite the 
fact that price for groundwater abstraction is three times lower in comparison to surface water. 
Mentioned unit price in Slovak conditions can be regarded as reasonable and comparable with 
abroad (Morris, Camino, 2011). The benefit from the use of this ESS, based on the mentioned 
approach, represents 33 million €. The relative share of individual sub-basins on the total benefit 
from this ESS as well as the benefit per 1 km2 or 1000 inhabitants of given sub-basin for this ESS 
are illustrated in Fig. 2. The adjustment of water withdrawal prices (so far in the 5-year cycle) 
in the sense of the regulatory policy of the ÚRSO will be projected into a gradual increase into 
benefits from the use of this ESS with an assumption that water abstraction will not decrease.

Provision of water for crop irrigation

The increase in yield because of irrigation can be considered as the effect of the current use of 
this ESS, which depends on the availability of irrigation systems, the structure/types of crops 
grown and, last but not least, the economic prosperity of farms. In general, it is possible to 
state that the potential of water use (in Slovakia mainly surface) for irrigation is higher than 
the recorded water consumption for this purpose in the past 20−25 years.

Fig. 2. Expression of the benefit from ESS ‘provision of raw water for drinking Purposes’ at sub-basin level.
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The valuation of the given ESS, performed at sub-basin level, is based on the average 
amount of abstracted surface water and groundwater in the period 2011−2013 (data ob-
tained from Slovak Hydrometeorological Institute) reduced by non-productive evaporation. 
Increment of dry matter plant biomass (estimated from the amount of consumed water and 
selected value of transpiration coefficient equal to 600 kg of water for creating of 1 kg of dry 
matter) is provisionally expressed by early potatoes. Average market price of this commod-
ity during the period 2011−2013 is used to measure the effect (application of production 
principle). The market valuation method used corresponds with recommended approaches 
(COWI, 2014a,b; Grizzetti et al., 2015a).

Rental costs of irrigation and operational units as well as electricity costs associated with 
pumping and transport of water to lands subsequently were deducted from the economic 
value. This approach corresponds with the recommendation of Ward and Michelsen (2002) 
to separate transport costs from the cost of raw material. The benefit from the use of this ESS, 
based on the mentioned approach, is 25 million €. The relative share of individual sub-basins 
on total benefit from this ESS as well as benefit per 1 km2 or 1000 inhabitants of given sub-
basin for this ESS are illustrated in Fig. 3.

As mentioned previously, the demand capacity of the given ESS is determined by eco-
nomic prosperity of farms and farming profitability. Although, during the period 2005–2016, 
farmers did not have to pay for the abstraction of irrigation water, its consumption did not 
rise, which indicates a low demand for elasticity primarily caused by high energy demand of 
existing irrigation systems. It is possible to assume that the irrigation water consumption in 
the near future should not increase significantly, also because of the gradual increase in the 
efficiency of irrigation systems (they often need reconstruction) as well as in terms of their 
cost-effective use oriented to cash crops.

Fig. 3. Expression of the benefit from ESS ‘provision of water for crop irrigation’ atsub-basin level.
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Provision of raw water as material and cooling medium in industry

Referred ESS can be assessed based on the data on water abstraction for the given purpose 
(data obtained from Slovak Hydrometeorological Institute), either through production or 
market valuation approach (COWI, 2014a,b). In the absence of information related to added 
value of water used in various industrial sectors (food industry, chemical industry, steel in-
dustry, etc.), the production principle is difficult to apply. Moreover, water can also be used 
for cooling (consumption of water in energetic industry is a separate problem that is not ad-
dressed here). For this reason, the benefit from this ESS could be roughly estimated only at 
national level using the indirect comparative approach. Assuming that the benefit from unit 
amount of abstracted water would be (preliminary) the same as from water used for crop ir-
rigation, the benefit from the given ESS could be around 278 million €.

Nevertheless, similarly, for the estimation of resource costs within the meaning of Water 
Framework Directive (WFD) Article 9, in case of this ESS, the greatest benefit per unit of 
abstracted water can be expected. Thus the price of water supply for industrial use, recom-
mended by COWI (2014a, b) for pricing of water used in industry, will underestimate the 
benefit from this ESS. It is necessary to mention that the use of this ESS is not always linked to 
achievement or failure to achieve good ecological and chemical status of water. On the other 
hand, overexploitation of water (especially the surface one) can negatively affect the ecologi-
cal status of affected waters because industry together with cities and municipalities belong 
to sectors with major share on water abstraction in Slovakia.

Provision of gravel and sand

This abiotic ESS, designated by COWI (2014a,b) as geological sources, is based on the re-
moval and subsequent accumulation of water-borne substances (gravel, sand or riverbed 
sediments) initiated by the need to remove them for the provision of shipping (maintenance 
of the Danube waterway) or the need for maintenance of river beds – which is part of the 
binding activities of the administrator of watercourses Slovak Water Management Enterprise 
(SVP š.p.). Provision of this ESS is not linked to achievement or failure to achieve good eco-
logical and chemical status of water or some water quality parameters.

For the valuation of specified ESS, performed at the sub-basin, the cost method based on 
pricing of extracted gravel/sand is used. The data were received from watercourse administra-
tor – SVP š.p. The effect of negative externalities (effect on life and reproduction of aquatic 
animals, especially fish) is not taken into account. In comparison with the previous ESS, the 
benefit from the use of this ESS is the smallest amongst all evaluated ones (0.6 million €). The 
relative share of individual sub-basins on total benefit from this ESS as well as benefit per 1 km2 
or 1000 inhabitants of given sub-basin for this ESS are illustrated in Fig. 4. After considering the 
negative externalities, related to the worsening of breeding and living conditions of fish species, 
mentioned benefit can be even lower. This negative effect is difficult to quantify, amongst other 
things, because in numerous fishing grounds, the fish population is regulated by man.

The riverbed sediments resulting from the surface water purification process are gener-
ally recommended to be used for the improvement of soil properties (Gunkel et al., 2015). 
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Fig. 5. Expression of the benefit from ESS ‘provision of renewable energy (electricity production)’ at sub-basin level.

Fig. 4. Expression of the benefit from ESS ‘provision of gravel and sand’ at sub-basin level.

Their practical use is limited because the content of pollutants that are bound to the organic 
or inorganic fraction of these sediments usually prevents their application to agricultural 
land. So riverbed sediments are not included into the evaluation of this ESS.
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The provision of renewable energy (water as medium for electricity production)

This abiotic ESS corresponds with the use of hydropower potential of surface waters for 
electricity production. The use of specified ESS is not linked to achieving or failing to 
achieve good ecological and chemical status of the water or some water quality parameters.

The basic prerequisite for obtaining the benefits from this type of water use is the 
construction of water reservoirs and installation of devices for the production of elec-
tricity. The estimation of benefit is based on the technical hydro-energetic potential of 
water courses on built and used hydroelectric power plants (MoE, 2011). Considered 
summary annual power of these plants is converted to the average wholesale electricity 
price in 2012.

The assessment of given ESS, performed at sub-basin level, is in line with recom-
mended methods (COWI, 2014a,b; Grizzetti et al., 2015a), and the corresponding ben-
efit is possible to express by market value of electricity. The benefit from the use of this 
ESS represents 229 million €. The relative share of individual sub-basins on the total 
benefit from this ESS as well as benefit per 1 km2 or 1000 inhabitants of given sub-basin 
for this ESS are illustrated in Fig. 5. After considering the negative externalities, the 
benefit can be lower. As introduced in World Water Assessment Programme document 
(WWAP, 2014), generation of electricity in hydropower plants is linked to the use of 
water dams that cause fragmentation of river systems and adversely affect river ecology 
with impact on living conditions and reproduction of aquatic species, biodiversity and 
water quality. On the other side, dams and reservoirs may have a multi-purpose use (re-
duction/elimination of seasonal flooding, crop irrigation, recreation, water purification 
via sedimentation not excluding).

Measuring the difference in the cost of electricity generation compared to the cost 
of an alternative production method of production (taking into account externalities) is 
admittedly more objective and can provide clearly lower ESS value when the necessary 
data are available.

Transportation medium – ship transportation on the Danube River

Shipping belongs to the main types of water use and simultaneously (by COWI, 2014a,b) to 
the abiotic ecosystem services. The use of given ESS is not related to achieving or failing to 
achieve good ecological and chemical status of the water or some water quality parameters. 
The valuation of specified ESS, relevant mainly for Slovak part of the Danube, is consistent 
with the COWI approach (COWI, 2014a, b). The benefit estimation is based on the com-
parison of ship transportation with the nearest transport alternative (rail), which corre-
sponds to the substitution method. The difference between the transport costs of shipping 
on the Slovak part of the Danube (estimated and provided by Slovak Cruises and Harbors, 
J.S.C.) and transport costs through transit rail transport at the same distance (taken from 
the price list of Cargo Slovakia, J.S.C. – the average for the period 2011−2013) and deduct-
ing maintenance costs for the waterway represents 67 million € per year in favour of ship-
ping. Negative externalities from the use this ESS are not taken into account.
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Regulation of water quality – nitrogen retention in surface waters

This ESS, to some extent, corresponds to the cleaning (and subsequently discharge) of waste 
water. Discharge of waste waters and pollutants contained therein, regulated by permits, is 
usually based on the principle of dilution. Both terrestrial (ex-situ) and aquatic ecosystems 
(in situ) are involved in surface water cleaning. Retention (reduction) of nitrogen content in 
aquatic ecosystems (rivers, streams, lakes) is attributed to nitrogen assimilation by suspended 
and benthic algae, nitrogen intake by macrophytes (which actually corresponds to the retention 
or accumulation) and denitrification, which, in contrary to uptake of this nutrient by the biotic 
component, contributes to permanent removal of nitrogen from the aquatic environment (e.g. 
Wollheim et al., 2006; Rode et al., 2015). Europe’s nitrogen retention represents several percent-
age of the nutrient inputs into surface water. Therefore, in many cases, provision of mentioned 
ESS is only a contributory factor for nitrogen reduction in the aquatic environment that does 
not guarantee the achievement of good ecological status (ES) of water in terms of this nutrient/
substance, as evidenced by the information of Maes et al. (2011) and Grizzetti et al. (2015b).

Owing to the unavailability of data, only a rough estimate of relevant benefit on the level 
of Slovakia is performed. The evaluation of this ESS is in line with the indicator nitrogen re-
tention or the amount of removed pollutant specified in several documents (COWI, 2014a,b; 
Grizzetti et al., 2015a,b). The valuation of the ESS in question by the substitution method 
corresponds to the estimated costs of alternative ways to reduce this nutrient in the aquatic 
environment, which are either the costs of wetland constructing or the costs of floodplains 
restoration (e.g. Grossmann, 2012; La Note et al., 2012).

At the selected nitrogen retention rate of 4 kg N.ha-1 per year (estimated based on data by 
Seitzinger et al., 2006) in the river network and in the reservoirs, the economic value (benefit) 
of this ESS is preliminarily estimated at 3 million €.

Habitat preservation and biodiversity

This ESS does not have a direct link to securing the main types of water use (e.g. drinking 
water supply, collection and treatment of wastewater, water use in industry, water use in agri-
culture, water transport, fisheries), but it can be affected by them. Achieving good ecological 
and chemical status of water (postulated by EU Water Framework Directive) is one of the 
preconditions for ensuring the protection of (natural and affected) habitats. Estimating the 
benefit from the use of this ESS is currently problematic. From economic methods, as stated 
in COWI (2014a, b), the preference method of ‘willingness to pay’ is recommended in this 
case. As indicated by Chee (2004), the results obtained by preference methods can be greatly 
distorted because of the lack of awareness/knowledge of respondents on real significance of 
the function(s) and consequently of the ecosystem. Another possibility is to use expert meth-
ods (Seják et al., 2010) in which setting the value (related to one point) is based on the costs 
of already implemented revitalisation measures.

Owing to the unavailability of necessary data, only a rough estimate of relevant benefit 
from surface waters on the level of Slovakia is performed. It is assumed that the conditions 
for fish life (which are at the top of the food chain in aquatic ecosystems – regardless of 
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aquatic birds and some mammals living in the aquatic environment) and then their popula-
tions reflect environmental conditions and biodiversity. The annual cost of restocking fishing 
grounds (undertaken from Slovak Fishing Association) are used for the estimation of the 
given ESS benefit, which is about 5 million € per year.

Physical interaction with inland water ecosystems – recreational fishing

The use of this ESS, which belongs to provisional services, is linked to fishing grounds. 
Within both surface water and underground water, currently in Slovakia, nearly 1200 fishing 
grounds is defined, of which the vast majority is administered by the Slovak Fishery Union.

The valuation of specified ESS, performed at sub-basin for surface water and groundwa-
ter in 2012, is based on the catch of concrete species and their valuation based on the pricelist 
of the Slovak Fishery Union with the deduction of the restocking cost. This approach corre-
sponds with now recommended methods so far (COWI, 2014a, b; Grizzetti et al., 2015a). The 
effect of negative externalities is not taken into account. The benefit from the use of this ESS, 
calculated based on the mentioned approach, is 3 million €. The relative share of individual 
sub-basins on total benefit from this ESS as well as benefit per 1 km2 or 1000 inhabitants of 
given sub-basin for this ESS are illustrated in Fig. 6.

Owing to the fact that the fish populations are usually purposefully influenced and targeted 
in the fisheries areas of the Slovak Republic (artificial restocking, feeding of fishes), the infor-
mation regarding the benefits from the use of this ESS in the form of catches is overestimated, 
not giving an objective picture of the potential of the natural environment in this respect.

Fig. 6. Expression of the benefit from ESS ‘physical interaction with inland water ecosystems – recreational fishing’ 
at sub-basin level.
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Physical interaction with inland water ecosystems – bathing

Some natural water areas (water reservoirs and exposed groundwater) are used for bathing 
and recreation. These water areas are defined by national legislation (Act. No 355/2007 Coll.). 
The list of waters/locations suitable for bathing is updated annually with respect to the results 
of the particular monitoring performed by national Public Health Authority.

For the valuation of referred ESS, performed at the level of sub-basins for surface water 
and groundwater in 2011–2013, usually the preferential methods (e.g. travel cost method or 
derived from visitor incomes to recreational sites – factor income of the area of recreation) 
are often recommended (COWI, 2014a,b; Grizzetti et al., 2015a). Fees for the use of natural 
swimming pools (entrance fee) represent another way to estimate the benefit what corre-
sponds with market valuation method. However, it should be noted that the crucial item 
of the entrance fee (in the case so-called ‘operated natural pools’) are services provided by 
the operator and not by natural water pool. In the case of remaining natural bathing waters, 
approved by national legislation, we can consider only a rough estimate of the potential fees 
because access and subsequent use of water pool is free.

Another alternative for recreationists is the use of artificial pools whilst bathing water 
(except for the thermal pools) is often taken from the public water supply systems. Cost sav-
ings for water and sewerage (substitution method) represent the immediate benefit of the use 
of natural waters, which represents approximately 1 million €. The relative share of individual 
sub-basins on total benefit from this ESS as well as benefit per 1 km2 or 1000 inhabitants of 
given sub-basin for this ESS are illustrated in Fig. 7.

Fig. 7. Expression of the benefit from ESS ‘physical interaction with inland water ecosystems – bathing’ at sub-basin level.
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Intellectual, symbolic and spiritual interactions with inland water ecosystems

For the evaluation of specified ESS, the preferential methods (e.g. willingness to pay) are 
recommended (e.g. Grizzetti et al., 2015a). In essence, these methods provide a hypothetical 
benefit value of the ESS in question. As mentioned earlier, people and their willingness to pay 
for ecosystem services are in many cases burdened with a lack of real meaning of services that 
given water ecosystem provides. Moreover, potential and even real payment undoubtedly 
depends on socio-economic factors or living standard of the population. With respect to the 
long-term decline in the purchasing power of the population or decline in household con-
sumption, which is amongst the lowest in the European Union (Morvay et al., 2014), it can 
be expected that the benefit from this ESS, related to surface water, will be rather symbolic 
(estimated less than 1% of total benefit from all evaluated inland water ESS or comparable to 
benefit from physical interaction with inland water ecosystems).

As stated by Cooper et al. (2016), people have the benefits of their aesthetic and spiritual 
experiences in nature. Aesthetic and spiritual values do not have the character of individual 
preferences and are often socially shared values. They are also not primarily instrumental 
(in terms of the benefits of an individual or group), but they are constitutive and relational. 
As a result, it is not about a service of nature for man, but it is about forming a responsible 
relationship of man to nature.

Some remarks to evaluation of inland water ecosystem services

There is necessary to distinguish between the methods of evaluation and the goals that cor-
respond with driving forces and pressures related to environmental damage. The trajectory 
can be described as damaged environment → mapping the state and evaluation of benefits (or 
lost benefits) from ESSs (in this case inland water ecosystems) → implementation of measures 
under the relevant policies that can return the affected environment to desired state.

Data availability or their estimation via modelling is a general problem that significantly 
affects the ESSs mapping and benefits estimation. As mentioned in introductory part, un-
derstanding, mapping and evaluation of benefits from ecosystems is considered as the first 
step to enhance their protection, which implies their consideration in the implementation of 
relevant policies. One of these policies is also water policy, incorporated in the Water Frame-
work Directive.

In principle, achievement of WFD environmental objectives has positive impact on the 
preservation of habitats and biodiversity. Eventual improvement in the status of waters is the 
goal of the European Union’s current policy; however, the term ‘ecosystem services’ is not 
defined in WFD. So many documents (e.g. COWI et al., 2014a,b; Vlachpoulou et al., 2014; 
Grizzetti et al., 2015a; Grizzetti et al., 2016) try to identify the incorporation of ESSs assess-
ment into water policy. For example, ESSs assessment can be used for potential application 
of derogations under Article 4 of the WFD, selecting cost-effective measures (Article. 11 
WFD) and also designing of measures beyond legislative requirements and limits within 
payments for ESSs. The evaluation of benefits resulting from the ESSs of inland waters or 
benefits that are lost when necessary measures are not implemented (and good status of wa-
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ters is not reached) is one of the ways for the estimation of external costs of environmental 
damage – environmental costs and resource costs what follows from Article 9 of the WFD 
(Brouwer, 2004). These costs can/should be taken into account for the application of WFD 
cost recovery principle. Before that, however, it is necessary to have a picture of the capacity 
of the environment (supply) as well as the effect of the good status of waters or water quality 
parameters on individual ESSs. Another problem is disaggregation of capacities of individual 
ESS into water bodies through modelling because there are no direct data. As introduced by 
Keeler et al. (2012), the use of water and landscape affects water quality and subsequently the 
capacity of services of water and aquatic ecosystems. As the relation between the change in 
load environment and changes in service capacity of water and aquatic ecosystems is hard-
ly predictable, the proposal of measures related to the improvement of ecosystem services 
seems quite problematic. Seifert-Dähnn et al. (2015) pointed to several shortcomings in the 
use of ecosystem services approach in the implementation of the WFD. Challenges include 
both methodological (namely, selection of proper valuation method, proper consideration of 
the trade-offs and side effects) and practical parts. Not insignificant is also the fact that exist-
ing evaluation is often very diverse and quite time consuming especially with regard to data 
acquisition from different sources. Moreover, practical use of ESSs valuation presupposes the 
use of models that should allow to consider trade-offs and side effects of specific measures.

As published earlier (Bujnovský, 2015) and in previous text, achievement or failure of 
good ecological status of waters does not always correspond with the provision of ecosystem 
services. Ecological status of waters is often considered as an expression of the quality of 
structure and functions (and consequently services) related to aquatic ecosystems that are 
linked to surface water. As some services of water and aquatic ecosystems are not linked to 
the achievement of good ecological/chemical status, this fact (in previous sentence) has a rel-
ative validity. In addition, some types of water use have designed specific and different quali-
tative objectives (e.g. surface water for drinking purposes, water for crop irrigation, etc.). 
Therefore, direct comparison of the value of the lost ESSs with the costs of the measure(s) to 
reach a good ecological status could be misleading.

Consideration of indicators for evaluating the specific ESSs does not always reflect the 
nature/principle on which ecosystem is based. For example, indicators such as ‘trophic status’, 
‘ecological status’ and ‘treated wastewater’ do not correspond at all with self-cleaning ability 
of water. Mentioned problem is also reminded by Maes et al. (2016) who say that the fun-
damental problem of a complete assessment of the ESSs are insufficient data, leading to the 
use of such indicators which rather reflect pressures on ecosystems than the contribution of 
ecosystems to regulation and maintenance.

Economic assessment of ecosystem services raises much discussion regarding their po-
tential commodification (e.g. Gómez-Baggethun, Ruiz Pérez, 2011). As Hahn et al. (2015) 
introduced, demonstrating the value of nature in the financial terms brings the aspect of 
comparability or interchangeability. This may also be the basis for determining the fees or 
subsidies for the improvement of ecosystems and related services, although in many cases 
payments for improvement of ecosystem services are compensations for loss of profit. Ac-
cording to Seifert-Dähnn et al. (2015), biophysical and subsequently monetary valuation can 
serve as the base for eliciting the importance of individual services.
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Not insignificant is even the fact that the financial statements on ESSs values call for the 
integration of these values into reporting systems and national accounting (e.g. Hahn et al., 
2015; La Note et al., 2017), which potentially may affect the tax burden on population in the 
future.

At the present time, the significance of the ESSs evaluation may rather lie in the awareness 
of the value that human society gains from the use of inland waters. According to Schröter 
et al. (2014), the economic evaluation provides additional information to support decision 
making but does not replace ethical, environmental or other non-monetary arguments.

It appears that increase in environmental awareness alone is not sufficient in terms of the 
protection of ecosystems and their services. As stated by OECD (2017), solving of environ-
mental problems requires behavioural changes in human.

As stated by Bujnovský and Vilček (2011), to achieve unambiguous and lasting improve-
ment in this area, it is necessary to address deeper causes, closely related to human thinking 
and activities. Without thorough knowledge of the real problems, we still solve only symp-
toms and not the roots. One of the basic reasons of existing environmental problems lies in 
growing consumption. Instead of meeting the needs, people are trying to satisfy their desires, 
which are infinite.

There exist more societal forces and phenomena that directly or indirectly affect state and 
evolution of the environment, and so they become politically significant. Besides economic, 
political, social and cultural factors, market, advertising, demographic factors and technical 
developments, it is necessary to mention human convictions, beliefs, values, attitudes and 
behaviours at the level of individuals, households, communities and whole public (Bechtel 
and Churchman, 2002; Stern, 2000). Attitudes and behaviours with regard to environment 
are often reflected in relevant emotions (De Miranda Coelho et al., 2016). People like to over-
state the problems or some likes to underestimate. So subjective perceiving of environmental 
problems together with emotions cannot replace a thorough understanding of the causes of 
environmental problems and their real solutions. The post-truth world, appealing on emo-
tions, is the real evidence of that.

conclusion

The primary aim of the article is to obtain an overview of benefits from actually used inland 
water ESSs in Slovakia. The evaluation of both surface and ground waters (where relevant) 
is based on CICES v. 4.3 classification and is primarily focused on demand side, which indi-
cates their actual use. The assessment of water use suitability for a particular purpose (rep-
resenting a specific ESS) is based on the assumption that the water quality complies with the 
relevant requirements what is actual in the case of ESSs relevant to water quality.

The evaluation is performed at the level of 10 sub-basins. In the absence of data, the ben-
efit from the use of some ESSs is estimated at the level of whole territory of Slovakia. This is 
preceded by the choice of economic assessment methods (mainly non-preferential ones) and 
the corresponding biophysical assessment.

The use of ESSs valuation in practice, especially with regard to water protection of surface 
water and groundwater, is discussed. Ecological status (ES) of waters is often considered as 
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an expression of the quality of structure and functions (and consequently services) related 
to aquatic ecosystems that are linked to surface water. As some services of water and aquatic 
ecosystems are not linked to the achievement of good ecological/chemical status, this fact has 
a relative validity. In addition, some types of water use have designed specific and different 
qualitative objectives (e.g. surface water for drinking purposes, water for crop irrigation, etc.).

The evaluation of the benefits from ESSs of inland waters in Slovakia so far does not allow 
direct use of obtained results for proposal of measures within river basin management plans 
as suggested by several authors. The main reason is the input data availability and quality.

At the present time, the significance of the ESSs evaluation may rather lie in the aware-
ness of the value that human society gains from the use of inland waters. It becomes more 
evident that increase in environmental awareness alone is not sufficient in terms of the pro-
tection of ecosystems and their services. To achieve unambiguous and lasting improvement 
in this area, it is necessary to address deeper causes, closely related to human thinking and 
behaviour.
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