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Abstract 
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Ecosystem services (ES) (goods and services) represent the outputs of natural systems from which 
people can have benefits. Evaluation of the benefits resulting from ES of inland waters or the 
benefits, which are lost when the necessary measures are not implemented, is one of the methods 
of evaluating the external costs of environmental damage – environmental and resource costs. 
Evaluation of ES is based on the CICES classification v. 4.3, which defines provision, regulation/
maintenance and cultural services. In the assessment of ES also enters groundwater, although in 
comparison with surface waters in lesser extent. At present, the evaluation is performed at the level 
of sub-basins of the Slovak Republic. In this paper, evaluation of selected ES is presented. Use of 
evaluation in practice is also discussed.
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Introduction

Ecosystem services (ES) are the result of biophysical structures and processes of both natu-
ral and anthropogenically modified environment, and represent the output of relevant eco-
systems, of which people may have benefits (e.g. Millennium Ecosystem Assessment, 2005; 
Boyd, Banzhaf, 2007; Fisher, Turner, 2008). The value of these benefits can have so utility 
and non-utility, as well as material and intangible character. 

Improving of management and avoiding overexploitation of natural resources, together 
with finding of ES values, belong to the objectives of the renewed EU Strategy for Sus-
tainable Development. Evaluation of ES is also enshrined in the EU Biodiversity Strategy 
to 2020 and further also in updated National Biodiversity Strategy to 2020 in the Slovak 
Republic. Evaluation of benefits resulting from the inland waters ES or benefits, which are 
lost when necessary measures are not implemented, is one of the ways for estimation of 
external costs of environmental damage – environmental costs and resource costs what 
follows from Article 9 of the Water Framework Directive (Brouwer, 2004). Evaluation of 
benefits in ensuring ES of inland waters and their changes is usually confronted with the 
change in the value expressing the human welfare.  
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Definition of ES and basic principles of their assessment

Achievement of objectives 2 and 4 of the EU Biodiversity Strategy to 2020 and targets B.3 C.6 
of Updated National Biodiversity Strategy to 2020 in the water area to some extent corresponds 
with evaluation of ES linked to inland waters, i.e. rivers and lakes, as one of the main categories 
of ecosystems defined by Maes et al. (2013). 

As reported by Austin et al. (2012), there are two aspects of the evaluation of ES, namely the 
supply and demand, which together determine their value. In the following text, the attention is 
primarily focused on demand side, which indicates the extent the use of ES at present.

The starting point for evaluation the ES of inland waters is an international classification 
CICES v. 4.3 (Haynes-Young, Potschin, 2013), which in fact embraces the goods, services and 
cultural benefits (Barbier, 2007). Both surface and ground waters enter in the evaluation of ES. 
The selection of significant ES in Slovak conditions corresponds with the prior assessment of 
the benefits resulting from inland waters and aquatic ecosystems at the global level (DeGroot et 
al., 2012) with a focus on utility values (Table 1). 

A number of ES (in particular the provision of raw water for different types of use, regulation 
of water quality and recreational activities) directly relate to the provision of main water services, 
which were analyzed in the Water Plan of the Slovak Republic (MoE,  2010). It is necessary to 
mention that the extent of the ES assessment of inland waters is primarily influenced by the avail-
ability and quality of bio-physical data that enter the subsequent economic valuation. 

Ecological status of waters is often considered as an expression the quality of the structure 
and function(s) (and consequently services/services) of aquatic ecosystems that are bound to 
surface water. This fact has a relative validity, because some services of water and aquatic eco-
systems are not tied to the achievement of good ecological (and chemical) status, e.g. water-
way transport, exploitation of hydropower potential or use of water for cooling in industry. In 
addition, some types of water use have designed specific qualitative objectives (surface water 
for drinking purposes, water for crop irrigation, water suitable for life and reproduction of 
indigenous species and natural bathing waters). So, suitability for use of water for a specific 
purpose, which represents the concrete ecosystem service, is assessed with the assumption that 
water quality is harmony with particular set of water quality parameters and corresponding 
limit values. 

As the application of the results obtained through recommended preferential methods is of-
ten problematic (Chee, 2004; Brouwer, 2008; Seják et al., 2010), that fact is the reason for the ap-
plication of the cost methods, although not always sufficiently reflect the total economic value. 
At the economic assessment of inland waters ES in the Slovak Republic are used primarily non-
preferential methods (in particular, the methods of market valuation and cost based methods), 
which are useful in the case of evaluation of provision and regulatory services (COWI, 2014; 
Rohani, 2013).

With regard to the differences in spectral classification schemes for assessing the quality of 
individual water uses on the one hand, and good ecological and chemical status of waters on the 
other hand, the evaluation of the benefits or deficits arising from achieving or non-achieving 
of good status of water becomes problematic. This finding is confirmed by number of authors 
(e.g. Viscusi et al., 2008; Kroiss, 2014).  
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Evaluation of some ES of inland waters – principles and results  

Increase of crop yield through use of irrigation water can be considered as the actual effect of 
the use of ES, which depends on the availability of irrigation systems, the structure of crops 
and, finally, the economic prosperity of farms. In general, it can be stated that the potential of 
water use for irrigation is higher than recorded water consumption for this purpose in recent 
years. The actual abstractions in different years for Slovakia, which states Hydromeliorácie 
s.e. (State Enterprice), were divided into sub-basins according to registration of Slovak Hy-
drometeorological Institute. Like that, estimated amount of produced dry matter is related 
to the production of early potatoes (as representative crop) and an average price of this com-
modity in the years 2011−2013. The final price is reduced by costs for rental costs of irriga-
tion-operating units. The average annual benefits from the use of ES in period 2011−2013 
represents approximately 25,741 thousand €, of which the share relating to surface water is 
22,160 thousand €. Subsequent deducting of costs for water pumping reduces this benefit.

The use of recreational fishing ES is tied to fishing grounds. In the context of surface and 
ground water in Slovakia are currently defined more than 1000 fishing grounds. The ben-
efit from recreational fishing is most often expressed by appreciation of amount/weight of 

T a b l e  1.  Significant ES of inland waters and related benefits from their provision in Slovak conditions.

Ecosystem services Benefits from ES
Surface water

Provisional Biomass Water animals – namely fishes
Raw water
 
 
 

Water for drinking purposes
Water for crop irrigation
Water as raw material in industry
Water as cooling medium in industry

Materials (the consequence of
substances accumulation)

Gravel, sands (riverbed sediments)

Renewable energy Electricity production 
Regulation and
maintenance

Regulation of water quality Degradation of pollutants
Transport medium Waterway transport
Habitat preservation, gene reserve Creation of conditions for aquatic  

(and water influenced) biotopes
Cultural Physical or experiential use 

of ecosystems 
Recreational activities (recreational 
fishing, bathing, water tourism)

Groundwater
Provisional
 
 

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

Renewable energy Source of geothermal energy
Regulation and
maintenance

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

Cultural Physical or experiential use 
of ecosystems 

Recreational activities on exposed 
groundwater 
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individual fish species. It corresponds well with the recommendations in COWI document 
(COWI, 2014), in which it is simultaneously stated that this estimate may underestimate or 
overestimate the real situation. Due to the fact that fish stocks are in fishing grounds in Slo-
vakia usually purposefully influenced (stocking and feeding of fish), information regarding 
the benefits from the use of ES in term of catch are distorted (fish stocks significantly affects 
the amount of catch) and do not give in this respect realistic picture about the potential of the 
natural environment. In the case of recreational fishing within the fishing grounds, resulting 
value of the catch affect fish stocks, the number of visitors, as well as any change of the price 
list of fish ŠRZ-Council Žilina used for valuation the catch of individual species. The value of 
such benefit, calculated for 2012, is 7,910 thousand €, of which the share relating to surface 
water is 5,996 thousand €. Similar benefit is expected for previous (2011) and subsequent 
(2013) year.   

In Slovakia, some natural water areas (water reservoirs and exposed groundwater) are 
used for swimming and recreation. Bathing waters specified by national legislation (Act No. 
355/2007 Coll.) represent the most significant waters that are used by large numbers of bath-
ers and for which has not been issued a permanent bathing prohibition or permanent advice 
against bathing. Benefit from the use of this type of ES is typically assessed through travel 
costs method or derived from visitor incomes to recreational sites (factor income of the area 
of recreation). Fees for the use of natural swimming pools (entrance fee) represent another 
way to estimate the benefits (market valuation method). It should be noted, however, that the 
crucial item of the entrance fee (in the case so called ‘operated natural pools’) are services 
provided by the operator. In the case of remaining natural bathing waters, approved by above 
mentioned legislation, we can consider only a rough estimate of the potential fees, because 
access and subsequent use is free. One alternative for recreationists, in the absence of natural 
waters for swimming, is the use of artificial pools which need to be built for this purpose, 
while bathing water (except for the thermal pools) is usually taken from the public water 
supply systems. Cost savings for water and sewerage (avoided costs method) in principle 
represent the immediate benefits of the use of natural waters. The value such benefit related 
to annual value for the period 2011−2013 is 1,155 thousand €, of which the share relating to 
surface water represents the 665 thousand €.

As can be seen from the preceding text, result of the evaluation is significantly influenced 
by the way the assessment or parameters entering into the evaluation. For example, in the 
case of water for irrigation the result is significantly influenced by the consumption of ir-
rigation water in relation to the weather course and the inter-annual commodity price, used 
to express the effect of irrigation. In the case of recreational swimming in natural waters for 
bathing the economic effect of the ES is derived from the number of visitors within the bath-
ing season which directly influences the weather course.

The application of evaluation results of water services and water ecosystems from the 
perspective of Water Framework Directive 

In the context of documents focused on protecting biodiversity (EU Strategy on Biodiversity 
in 2020 and updated National Biodiversity Strategy to 2020), mapping and assessment of 
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ecosystems is considered as the basic starting point for the conservation and enhancement 
of ecosystems and their services, especially using information obtained in the strategy and 
policy documents. Protection of aquatic ecosystems consequently results from the imple-
mentation of measures under the WFD.

The original intention of Water Framework Directive (WFD) is primarily to protect and 
improve the state of the aquatic environment in terms of social benefits but the term ‘ecosys-
tem services’ in the WFD is not used. The authors Vlachopoulou et al. (2014) perceive the 
assessment of ES as part of or supplement in achieving the objectives of the WFD. As intro-
duced in COWI document (COWI, 2014), integration of ES assessment into the planning 
process at the basin level can be either complete or partial. While full integration includes 
mapping of all ES through an ecosystem approach, partial integration is the consideration of 
ES as the support of implementation of the directives. Use of ES assessment finds application 
in (i) potential application of derogations under Article 4 of the WFD, (ii) identifying and 
selecting cost-effective measures in the program of measures (Article. 11 WFD) and (iii) at 
designing of measures beyond legislative requirements and limits within payments for ES 
(measures do not always directly regulate the use of the services of aquatic ecosystems).

Specific objectives of WFD as ‘good condition’ and ‘non-deterioration’ directly do not de-
scribe benefits that population can directly feel or experience. Reflection of these objectives 
in to ES, from which population has benefits, can improve the involvement of stakeholders 
in the implementation process (Everard, 2012; COWI, 2014).  

Discussion 

As follows from the evaluation of the economic evaluation of benefits from the use of inland 
water ecosystems at the global level (DeGroot et al., 2012), a decisive share is accounted for 
the provision of water used for different purposes (42%) and recreational activities linked to 
water (51%). Morris, Camino (2011) evaluated ES of three types of ecosystems – (i) rivers 
and lakes, (ii) wetlands and (iii) floodplains. In the context of the evaluation, rivers and lakes 
are seen as an important source of water for different types of use.

Economic valuation seems an adequate framework for improvement of decisions related 
to sustainable use of natural resources (NRC, 2005) although such valuation, opened for next 
improvement, has some limitations (e.g. Sales, 2011; Waigner, Mazzotta, 2011; Wallis et al., 
2011). With regard to WFD, Wallis et al. (2011) state that an ES approach helps the prioritisa-
tion of financial resources for integrated water management programmes. As mentioned in 
COWI document (COWI, 2014), ecosystem-based approach can be used in the implementa-
tion of the WFD and Flood Directive. 

The ES framework is considered as an approach that can be helpful at best management 
and allocating natural resources taking into account competing interests (Faber et al., 2006; 
Waigner et al., 2010). As reported Landsberg et al. (2011), ES approach can improve the 
process of environmental and social impact assessment (ESIA). In addition, assessment and 
valuation of ecosystems and their changes is seen as the starting point for the change of at-
titude of individuals and societies to natural resources (POST, 2011). On the other hand Nor-
gaard (2010) highlights the problems of real application of ecosystem service approach due 
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to ecological, economic and political complexities of the challenges which humanity actually 
face. Gómez-Baggethun and Ruiz-Pérez (2011) pointed out that charging for ES (related to 
market expansion into formerly non-market areas) to create the conditions for it to become 
the subject of ES trade. Ecosystem functions are thus included into the system of valuation 
and market relations, which creates a real risk to the protection of ecosystems.

It is necessary to stress that objectivity, scope and detail of the assessment ES of inland 
waters depends on the availability and quality of bio-physical data. As the ES assessment is 
not or may not be in direct relation to the achievement of the environmental objectives of the 
WFD, capacity for providing of more ES often depends on factors other than water quality. 
This means that improving water status by achieving good ecological and chemical status can 
result only in increasing the capacity of some ecological functions.
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