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THE EVALUATION OF FRESHWATER AND AGRICULTURAL LAND ECOSYSTEM
SERVICES AND ITS UTILISATION

Water and soil belong to basic natural resources that are essential for the existence and development of human civiliza-
tion. These resources represent part of natural capital which provides or can provide ecosystem services - goods and ser-
vices. Definition of significant ecosystem services related to agricultural land and inland waters is basic precondition
to evaluate these systems. While in the case of freshwater ecosystems (rivers, lakes and also groundwater) we are at
the start, in the case of ecosystem services of agricultural land (cropland, permanent grasslands) there are already
available spatial results of bio-physical and economic evaluation of soil functions in GIS format.

Suitability for water use for a specific purpose (that in fact represents ecosystem service) in Slovak conditions is
assessed according to a particular set of water quality parameters and corresponding limit values. Evaluation of
freshwater ecosystem services can serve as support for the selection of cost-effective measures, and for the mapping
and assessment of ecosystems services as part of the EU Biodiversity Strategy to 2020.

Ecosystem service approach is considered as extension of soil function approach that can be perceived as core of
ecosystem services evaluation that integrates soil and biotic aspects. The bio-physical evaluation of soil functions or
services serves as basic precondition for it local use with regard to mitigate the anthropogenic pressures and its con-
sequences. At present, the real possible utilisation of soil ecosystem services/functions can be seen at improvement
of soil protection especially via modification of soil price at its permanent sealing.
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Jucusik A., Byiinosckuii P., Buauek . OIIEHKA YKOCUCTEMHBIX YCJIYT MIPECHOM BOJIbI U
CEJIbCKOXO3s1iiICTBEHHOM 3EMJIM U EE NIPUMEHEHUE

Bona u mouyBa OTHOCATCS K OCHOBHBIM IPUPOJHBIM pecypcaM, KOTOPBIE HEOOXOIUMBI JUIS CYIIECTBOBAaHUS U
Pa3BUTHA YeOBEYECKON IMBIIN3AIMUA. DTH PECypChl BRICTYIIAIOT B POJM YacCTH NMPHPOTHOTO KamHTana, KOTOPBIHA
MPEOCTABISACT WM MOXKET NMPEIOCTaBIATh SKOCHCTEMHBIE YCIYTH - TOBaphl M cepBUC. OmnpeneneHrne 3HAYUMBIX
9KOCHCTEMHBIX YCIYT, CBSI3aHHBIX C CEIBCKOXO3AHCTBEHHBIMH 3eMJISIMA M BHYTPEHHHMH BOJAMH SBISETCS OCHOB-
HOW MPEANOCHIIKON 7Sl OLIEHKH dTUX CUCTEM. B TO Bpems Kak B ciydyae MPECHOBOJHBIX IKOCHCTEM (peK, 03ep, a
TaKXe TPYHTOBBIX BOJA) MBI HaXOJMUMCS Ha Ha4aJbHOM 3Talle OIEHKH, TO B CIydae dKOCHCTEM CEeIbCKOXO03SICTBEH-
HBIX 3eMelb (MalIHM, MOCTOSHHBIE MAcTOMIA) y)Ke UMEIOTCS MPOCTPAHCTBEHHBIE PE3yNbTaThl OMO(GU3NUECKO U
9KOHOMHUYECKOW onleHKH QyHKnuii mous B [ UC-popmare.

Hcnonp3oBaHue BOIBI [T OMPEICICHHON eH (4TO, IO CYTH, MPECTaBIsIeT SKOCHCTEMHBIE YCIYTH) B CIOBAIl-
KAX YCIIOBHSAX OIICHHBACTCS IO ONPEACICHHOMY HA0Opy IapaMeTpoB KadecTBa BOABI M COOTBETCTBYIOIIUX Ipe-
JIENBHBIX 3HaueHUAX. OTeHKa 3KOCHCTEMHBIX YCIYT MPECHOW BOIBI MOXKET CITYXKUTh IOAJEPIKKON I BRIOOpA IKO-
HOMUYeCKH 3PPEKTHBHBIX MEp, & TaKKe [UIS KAPTUPOBAHUS U OLCHKH SKOCHCTEMHBIX YCIYT KaK 9acTh CTPATETHH
EC no Buopaznoobpasuro 10 2020 rona.

OKOCHCTEMHBIH MOAX0/ pPacCMaTPHUBAETCS KaK PacIIMpEeHHe MOAX0Aa (YHKIUH MOYBBI, KOTOPHI MOXET BOC-
MIPUHUMATHCS B KAYeCTBE OCHOBHOH OIIEHKH 3KOCHCTEMHBIX YCIYT, KOTOPBIH MHTETPUPYET MTOYBEHHBIN U OHOTHYe-
ckmii actiekThl. bruodusmdeckas orneHka QyHKIUM TOYBBI, KaK yclyra, CIYXHUT OCHOBHOH MPEANOCHUTKOW AJisi €€
M3yYeHHSI B OTHOIICHWH CMSTYEHHS aHTPOIIOTEHHOTO BO3ACUCTBHS M €ro MocieAcTBUil. B Hacrosmee Bpems, pe-
aNbHBIE BO3MOXKHOCTH HCIIOJIB30BaHMS MOYBEHHBIX 3KOCHCTEMHBIX YCIYT/(YHKINH MOXXHO YBHICTh Ha NPHMEpE
YIIyYILEHUs! OXPaHbI I0YB, B YACTHOCTH, Ye€pe3 U3MEHEHHE LIEHbI Ha ITOYBY B MECTE €r0 MOCTOSIHHOTO YIIJIOTHEHUSI.

KiroueBble cjI0Ba: S5KOCUCTEMHBIE YCITYTH, CEIbCKOXO3HCTBEHHBIE 3€MIIH, YKOCUCTEMBI, IIPECHOBOJHBIE KO-
CUCTEMBI

Jlicaax A., Byiinoscbkuii P., Bimuek M. OIIIHKA EKOCUCTEMHMX IMOCJYT IMPICHOI BOJU 1
CLIbCbKOIOCHOJAPCHKOI 3EMJII TA il 3BACTOCYBAHHSA

Bona i rpyHT BiZHOCSTBCS 10 OCHOBHUX HPUPOJHUX PECYPCiB, SIKi HEOOXiIHI U iCHYBaHHS Ta PO3BUTKY JIFOJ-
cpkoi mmBimizamii. 1li pecypcu sSBISIOTH cOO00I0 YAaCTHHY MPUPOTHOTO KaIliTaly, KU Hamae abo MOXKe HajgaBaTH
€KOCUCTEMHI MOCIIYTH — TOBApH Ta cepBic. Bu3HaUYeHHS 3HAYYIUX €KOCUCTEMHHX TOCIYT, MOB'I3aHUX 3 CUILCHKO-
TOCTIOAAPCHKUMH 3€MJISIMH 1 BHYTPIIITHIMYA BOJaMH € OCHOBHOIO IEPEIYMOBOIO IS OILIHKH ITUX CHUCTEM. Y TOW 4Yac
K y BUIAAKY IPICHOBOJHMX €KOCHCTEM (PidoK, 03€p, a TAKOK IPYHTOBUX BOJ) MU I1€pe0yBAEMO Ha IIOYaTKOBOMY
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eTari OIliHKH, TO B pPa3i €KOCHCTEM CUTLCHKOTOCIIONAPCHKUX 3eMelb (PiJlIi, MMOCTiHI MAaCOBHINA) BXKE € IPOCTOPOBI
pe3ynbpTaTé 0i0di3udHOi Ta eKOHOMIYHOI OIiHKY PyHKIi# rpyHTIiB B ['TC-hopmari.

BuxopucraHnas BoIu A MEBHOI MeTH (110, IO CYTi, € eKOCHCTEMHUMH MTOCITYTaMH) B CIIOBALIEKUX yMOBaX OIli-
HIOEThCS 3a MIEBHUM HaOOpPOM IapaMeTpiB SKOCTI BOJM Ta BIAMOBIJHUX IPaHUYHMX 3HaYeHHIX. OLiHKa eKOCHCTEM-
HUX TIOCIIYT MPICHOI BOJM MOKE CIY)KUTH IIATPUMKOIO Il BUOOPY €KOHOMIYHO €()eKTUBHHX 3aXOJIIB, a TAKOX IJIs
KapTyBaHHS Ta OLIHKK €KOCUCTEMHHUX HOCIYT sIK yacTuHa cTparerii €C 3 biopisnomanirts 1o 2020 poky.

ExocucTeMHUMI MiIXia po3riisigaeTbes SIK PO3MIMPEHHS MiAXoay (QyHKUIi IPYHTY, SIKUH MOXe crpuilMaTHCS B
SKOCTI OCHOBHOI OIIIHKM €KOCHUCTEMHHUX MOCIHYT, SKHH IHTerpye IpyHTOBHWiIl Ta OioTmuHuMi acriekTd. biogiznuna
ouiHka QyHKLIl IPYHTY, SIK MOCIYTa, CIIy)KUTh OCHOBHOIO IEPEAYMOBOIO sl ii BUBUCHHS BiJIHOCHO TOM'SKIIECHHS
AHTPOIIOTEHHOTO BIUTUBY 1 Horo HacuinkiB. B maHuWit gac, peanbHi MOKIMBOCTI BUKOPHUCTAHHS IPYHTOBHX €KOCHC-
TEMHHX TOCTYT/(QYHKINH MOKHA TTOGAYNTH Ha MPUKJIAI TIOJIMIIICHHS OXOPOHHU TPYHTIB, 30KpeMa, depe3 3MiHy IiHA
Ha IPYHT B MICIIi HOTO MOCTIHHOTO yITiTEHEHHS.

Ki11040Bi cjioBa: eKOCHCTEMHI TOCITYTH, CiTbCHKOTOCIIOAAPCHKI 3eMITi, EKOCHCTEMH, MIPiICHOBOIHI €KOCHCTEMH

Introduction

Water and soil belong to basic natural re- 2010; European Commission 2011; OECD,
sources that are essential for the existence and 2011). Moreover, improvement of management
development of human civilization. These re- and avoiding the overexploitation of natural
sources represent essential part of natural capital resources, together with the finding of the value
which provides or can provide ecosystem ser- of ecosystem services, is one of the objectives of
vices — goods and services. Ecosystem services the renewed EU Sustainable Development Strat-
are defined as the outputs from natural systems egy. Evaluation of ecosystem services is also
from which people can have benefits (e.g. NRC, enshrined in the EU's biodiversity strategy to
2004; Boyd and Banzhaf, 2007). 2020, which became the main accelerator of the

A continual deterioration of natural re- assessment and mapping of ecosystem services

sources recorded in a number of documents (e.g. in the Europe.
EEA, 2012; MEA, 2005; UNEP, 2012; Jones et According to typology of ecosystems
al., 2012) is a general challenge for maintaining (Maes et al., 2013), agricultural land is linked to
the welfare of human civilization on Earth in the terrestrial ecosystems (cropland, grasslands) and
future which embraces the reassessing priorities inland water corresponds with fresh water eco-
and restructuring of the global economy and systems (rivers, lakes) and moreover also
more efficient use of natural resources and envi- groundwater, which is not directly mentioned.

ronment protection (e.g. European Commission,

Material and methods

This paper is focused to definition of sig- of Ecosystem Services (CICES) v. 4.3 (Haines-
nificant ecosystem services related to agricultur- Young and Potschin, 2013) is used as base.
al land and inland waters for Slovak conditions Principles of evaluation of ecosystem services
in accordance to recent knowledge (COWI, and their practical utilisation are analysed and
2014; Maes et al., 2014; Robinson et al., 2014) discussed.

when the Common International Classification

Results and discussion

Ecosystem services related to freshwater sessment is primarily influenced by the availa-
ecosystems  Significant freshwater ecosystem bility and quality of bio-physical data.
services in Slovak conditions are introduced in Evaluation of freshwater ecosystem ser-
Table 1. vices is to some extent linked with implementa-

A selection of ecosystem services is af- tion of Water Framework Directive. Considering
fected by the fact that the Water Framework the list of ecosystem services it can be noted that
Directive (WFD) is explicitly focused to use utilisation of many ecosystem services create the
values. As can be seen from Table 1, several pressures on the water bodies. It is namely the
ecosystem services (in particular the provision case of provisioning and some regulation eco-
of raw water for different types of use, media- system services. Providing of ground- and/or
tion of waste and toxic and recreational activi- surface water for industrial, drinking and irriga-
ties) directly relate to the provision of major tion purposes as well as pollutants dilution after
water uses, which are analyzed in the Water Plan wastewater discharge may put considerable
of the Slovak Republic (MoE, 2010). Finally, pressure on the water bodies and increase the

the extent of freshwater ecosystem services as-
69
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Significant freshwater ecosystem services

Table 1

Services Division/group

Class

Provision Provision of biomass

Agquatic animals - aquaculture

Provision of materials

Water for different use — drinking
water, crop irrigation, industrial use
as raw material and cooling medium,
Sands, gravels, riverbed sediments

Provision of energy

Electricity production

Mediation of waste,
toxics

Regulation and
maintenance

Decomposition and removal of pollutants

Dilution of pollutants

Transport of objects
and substances

Waterways transport

Maintenance of physical,
chemical, and biological
conditions

Habitat and gene pool protection

Cultural Physical and intellectual

interactions

Recreation - swimming, angling, boating

Scientific and educational use

Heritage, cultural aspects

risks of not achieving WFD objectives. Moreo-
ver evaluation of benefits arising out of the
freshwater ecosystem services or the deficits,
when necessary measures are not realized, is one
of the ways of evaluating the external costs of
environmental damage (Brouwer, 2004). So it
has link to Article 9 on cost recovery and water
pricing.

Suitability of water use for a specific purpose
(that represents ecosystem services) is assessed
according to a particular set of water quality
parameters and corresponding limit values. Eco-
nomic evaluation of freshwater services are
mostly based in the non-preferential methods (in
particular the methods of market valuation, cost
methods) that are applicable in the case of eval-
uation of production and regulatory services. As
stated Chee (2004), identifying preferences of
people and their willingness to pay for ecosys-
tem services is in many cases burdened with
insufficient awareness of (real meaning) func-
tions and consequently the services that the eco-
system provides.

It is necessary to mention, that the results of
ecosystem services evaluation are significantly
influenced by the used method and correspond-
ing parameters entering the evaluation. For ex-
ample, in the case of water for crop irrigation the
result is influenced by the consumption of irriga-
tion water in relation to the weather course and
also inter-annual dynamics of commodity prices,
used to express the effect of irrigation. In the
case of recreational swimming in natural waters,
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the economic effect of the ecosystem service is
derived from the number of visitors, which is
directly influenced by course of the weather in
the bathing season.

As the link between good ecological sta-
tus/potential defined by the WFD and the eco-
system services is not always clear (COWI,
2014), suitability for water use for a specific
purpose in Slovak conditions is assessed accord-
ing to a particular set of water quality parame-
ters and corresponding limit values. With regard
to the differences in spectral classification
schemes for assessing the quality of individual
water uses on the one hand, and good chemical
and ecological 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 (Kijovska
et al., 2014). Of course, ecosystem with im-
proved ecological status will often be able to
provide a higher variety of ecosystem services,
but on the evaluation of actually used waters has
often small effect as many of ecosystem services
have fixed locations (e.g. hydropower plants,
natural bathing waters or watercourses for the
abstraction of water for drinking purposes).

According to COWI (2014), by incorporating
ecosystem service considerations into the im-
plementation of the WFD and the Flood Di-
rective, it is possible to capture and describe
better the benefits and possible co-benefits of
achieving the objectives of the directives. Evalu-
ation of freshwater ecosystem services can serve



Jloouna ma oosxinna. [lpobaremu neoexonoeii. Ne 3-4, 2014

mainly as support for the selection of cost-
effective measures by considering co-benefits
delivered by measures and the mapping and
assessment of ecosystems services as part of the
EU Biodiversity Strategy to 2020.

The specific objectives of the WFD — such as
«good status» and «no deterioration» — are not
directly describing the benefits which the EU
citizens will experience. Hence, translating these
objectives into the ecosystem services that bene-
fits the population could significantly improve
the whole stakeholder involvement throughout
the implementation process (COWI, 2014). Pub-
lic engagement represents an essential aspect of

WFD implementation. But, as states Everard
(2012), support for WFD implementation may
be often regarded as an altruistic task, as the
public may not be able to appreciate the benefits
of delivering its aims and how this affects their
quality of life.

Ecosystem services related to agricultural
land The significant ecosystem services rele-
vant to agricultural land or agro-ecosystems in
Slovak conditions are introduced in Table 2.

Most of defined ecosystem services of ag-
ricultural land are corresponding with previous
definition of soil functions (e.g. Bujnovsky et

al., 2009).

Significant ES relevant to agricultural land

Table 2

Services Division/group

Class

Provision Provision of biomass

Biomass of cultivated crops for food
production, raw material and bio-energy

Reared animals

Provision of materials

Peat

Sand, gravel, clays

Space for human

Physical support to present and future

activities human activities
Regulation and Mediation of waste, Bio-remediation
maintenance toxics Bio-chemical detoxification

Bio-physicochemical filtration of pollutants

Mediation of flows

Water infiltration and accumulation

Soil erosion control

Flood protection

Maintenance of physical,

chemical, and biological
conditions

Organic matter decomposition,
nutrients turnover

Carbon storage - climate change
regulation

Buffering the pH changes

Habitat and gene pool protection

Cultural Physical and intellectual

interactions

Recreation - agro tourism

Preservation of artefacts

Scientific and educational use

Heritage, cultural aspects

Some authors make difference between
functions and services (e.g. NRC, 2004; Potschin
and Haines-Young, 2011), some not (Creamer
and Stone, 2014). By our opinion the decisive is
rather character of service/function - if it is tran-
sitional or final. Till now, the evaluation the
benefits of human from soils and their use was
based on soil functions. The aim to define these
functions was to highlight their importance to
society and the necessity to protect this natural
resource (e.g. Blum, 1990; European Commis-
sion, 2006). It was also stressed that the sustain-
ability of societal development requires mainte-

71

nance of soil quality and soil functions — espe-
cially the regulation ones (Bujnovsky et al.,
2009).

It seems that the ecosystem service ap-
proach masks the significance of the soil as
such. So, from the side of soil scientists there is
effort to modify this reality. To stress the im-
portance of soil resources Dominati et al. (2010)
define the ecosystem services as the beneficial
flows arising from natural capital stocks and
fulfilling human needs.

As fundamental limitation at soil valuation
is that it is valued as a component of land, which
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is insufficient for capturing changes in the value
of soil associated with alteration of soil quality
or functionality, Robinson et al. (2014) propose
the development of indicators that can be used to
assess the state of «soil function», if a soil
«quality» aspect is to be incorporated into ap-
proaches such as the SEEA (System of Envi-
ronmental and Economic Accounts).

We consider the ecosystem service ap-
proach as extension of soil function approach
that can be perceived as core of ecosystem ser-
vices evaluation that integrates soil and vegeta-
tion aspects. Evaluation of ecosystem services,
predominantly based by soil and relief parame-
ters, does not allow to assess all significant ser-
vices/functions as some services are markedly
influenced also by management practices and
site factor. For example, the increase of soil
organic matter content belongs to the targets
associated with mitigation of climatic change.
The rate of carbon sequestration depends rather
on soil use than on the soil itself. Another exam-
ple is the use of agricultural land as space for
recreational purposes and tourism which till now
has the marginal importance. Development of
agro-tourism alone is relatively low dependent
on soil parameters (and if yes so rather in in-
verse way) as for these activities are usually
attractive pre-hilly and hilly areas.

Principles of bio-physical evaluation of
several regulation ecosystem services/functions
in the Slovak Republic were/are based on key
soil and relief parameters (Bujnovsky et al.,
2009; Vilcek, Bujnovsky, 2014). Within whole
agricultural land in Slovakia, till now there were
evaluated (bio-physically and economically) the
following soil functions/services: biomass pro-
duction, filtration of inorganic pollutants, filtra-
tion of inorganic pollutants and transfor-
mation/detoxification of organic pollutants with
spatial delineation of individual categories of
each function on relative high level of resolution
(1:10 000). Each soil function is available in
GIS-layer.

Economic valuation of selected soil func-
tions was/is based on use of cost methods (saved
or avoided costs and replacement costs). In the
case of provision of biomass was applied the ex-
pert approach based on pricing of production and
cost parameters that are obtained from economic
evaluation of homogenous fields within typical set
of land evaluated unit. Distribution of the econom-
ic value of individual soil function within agricul-
tural land is available in GIS-format.

Meaningful assessment of soil ecological
functions is conditioned by relation of society to
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them and the possibility of pricing that will be
part of pricing tool used with regard to soil pro-
tection and use. Within agricultural soil use pro-
duction function dominates. Ecological soil
functions were/are used automatically without
regard to society awareness. The value of the
potential of soil ecological functions proves
when their use is reflected into economic costs
or benefits.

The bio-physical evaluation of soil func-
tions or services if often considered as basic
precondition for it local use with regard to miti-
gate the anthropogenic pressures and its conse-
guences (degradation processes). Often contem-
plated payment for some ecosystem services -
PES (e.g. Robinson et al., 2014) seems problem-
atic as assessment of effect through change of
soil parameters relevant to given ES is signifi-
cantly affected by spatial and temporal effects.

The agri-environmental payments within
Rural Development Programme belong to PES
category. Theoretically, the evaluation and valu-
ation of the environmental effects of the imple-
mentation of Agri-environmental measures may
be considered in two ways. The direct method is
based on the quantification of changes in natural
farm or its services and their valuation. This
group ranks and awards decrease in crop yield
(the change of productivity approach) due to soil
degradation and also compare costs and benefits
of soil protection measures (cost-benefit analy-
sis) (Yesuf et al., 2005). It should be emphasized
that the environmental effects or benefits of
preventive measures are generally reasonably
evident in the future. Indirect method based on
the assessment of damage or risk reduction op-
tions for improving the components of the natu-
ral environment due to the implementation of
specific measures. It can be said that agri-
environmental measures typically reduce the risk
of damaging natural resources or create oppor-
tunities to improve their quality. From that point
of view it is therefore more appropriate to draw
the line efficiency of the funds due to meet envi-
ronmental effect, which is against the needs of
society acceptable. As results from the Napier's
work (Naper, 2012), issues relating to the use
and protection of environmental media are not
exclusively the matter of financial supports for
preventive measures, and environmental aware-
ness of farmers. As states Blandford (2010)
many contemporary economic problems has
essentially ethical origin. Neo-liberal or neo
regulatory approach is not able to address urgent
issues that affect agriculture and natural re-
sources, such as the deteriorating quality of the
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environment and the problem of climate change. So, according to Bujnovsky et al. (2009)
To find a solution, we need to take into account real possible utilisation of soil ecosystem ser-
more realistic behavioural model compared to vices/functions can be seen at improvement of
that one commonly used in the economic as- soil protection especially via modification of soil
sessment, and acknowledge the key role of val- price at its permanent sealing.

ues in the individual and collective decision-

making.

Concluding remarks

Economic valuation of water and soil re- ly in the case of freshwater ecosystems). This
sources through ecosystem services offers the problem can be avoided by cyclic assessment
broader view on real importance and subse- based on actual data.
quently they value for the society. Despite of the As assessment of freshwater ecosystem
fact, soil is considered as supporting medium to services is not or may not be in direct relation to
above ground ecosystems (MEA, 2005), the the achievement of the environmental objectives
capacity of soil to provide functions/services of the WFD, providing more capacity ecosystem
(mainly provision and regulation ones) often services often depend on factors other than water
determine the provision of ecosystem services of quality. This means that improving water status
agricultural land although soil use and manage- by achieving good ecological and chemical sta-
ment this capacity can alter (in positive as well tus can occur only at increasing the capacity of
as in negative way). some ecological functions.

In contrast to the freshwater, the soil natu- Economic  valuation of soil ser-
ral capital (consisting of mineral stock, nutrient vices/functions serve as base for estimation of
stock, carbon stock, organisms, soil water) is more realistic price of soil that is through indus-
less important as soil within this agricultural use trial and urban development irrecoverably lost.
is not consumed and crucial soil parameters The aim of evaluation and pricing of the fresh
enter into evaluation of soil functions (especially water ecosystems encompasses also the aspect
the regulation ones). Direct use of soil capital is of awareness raising. Of course, the price of
often associated with permanent (development environmental service or given ecosystem does
of industry, settlements, peat extraction) or tem- not reflect its societal importance because the
poral land consumption (extraction of sand, economy is focused to the prices (usually market
gravel, clays) resulting in destroying or signifi- oriented) and not to the values or significance of
cant change of original soil or ecosystems. these services for the society. It is especially true

Evaluation of ecosystem services with as- for the soil. So, in accordance with Sciama
pect of space and time. Site specific evaluation (2007), economic valuation should not be used
is considered as better than extrapolation of re- as a basis for ethical values forming imminently
sults across space. Projection of state of ecosys- connected to the human approach towards soil
tems in to the future seems very actual problem and its degradation, and which are essentially
(e.g. Fisher et al., 2011), but can introduce sig- needed by global society.

nificant errors with regard to outcome (especial-
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