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Abstract

Ecosystem service valuations focusing on the assessment of ecosystem service values in
space and time have recently been receiving considerable attention. Ecosystem service
valuation data are critical for developing national ecosystem accounts and for assessment
of  costs  and benefits  associated with  national  strategies  and plans.  In  this  article,  we
discuss selected methodological aspects of ecosystem service valuation at the national
level for the Czech Republic. We present a classification of ecosystems based on CORINE
Land Cover and Consolidated Layer of Ecosystems of the Czech Republic. The focal point
of  our  article is  a systematic  review of  ecosystem service values.  A systematic  review
requires  a  standardised protocol  for  incorporation of  valuation studies.  To illustrate  the
proposed methodology, we conducted a search of ecosystem service valuation studies at
the European level.  While there is a significant number of ecosystem service valuation
studies, the number of studies which could be used for an effective value transfer is limited.
We discuss the limitations of the value transfer approach and suggest further steps for
improving the scientific basis for national level valuations.
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1. Introduction

Mapping and assessment of ecosystem services should contribute to the communication of
value  provided  by  nature  to  society  (Costanza  et  al. 2014).  Economic  valuation  of
ecosystem services is one of the approaches for the quantification of the importance of
ecosystems  for  human  well-being  and  economic  prosperity.  According  to  the  EU
Biodiversity  Strategy,  Member  States  should  assess  the  economic  value  of  ecosystem
services and promote the integration of these values into accounting and reporting systems
at  the  European  Union  (EU)  and  national  level  by  2020  (Maes  et  al.  2012).  Thus,  a
valuation  of  ecosystem services  is  clearly  linked to  the  natural  capital  accounting  and
assessment of  the human appropriation of  natural  capital  (Obst  et  al.  2015).  However,
assessment  of  ecosystem service values and their  change at  the national  level  poses
several  methodological  challenges.  Project  ESMERALDA  aims  to  deliver  a  flexible
methodology to provide the building blocks for pan-European and regional assessments,
including national  biophysical,  social  and economic  assessment  of  ecosystem services
(Burkhard et al. in prep).

Global, regional and national applications of the mapping and assessment of the economic
value  of  ecosystem  services  has  received  close  attention  (Costanza  et  al.  2014,
Kubiszewski et al. 2013, Schägner et al. 2013, Niquisse and Cabral 2017, Anderson et al.
2017). As these assessments rely on existing information about ecosystem service values,
the value (benefit) transfer approach has been applied. Brander et al. (2011) define value
transfer as the procedure for estimating the value of an ecosystem of current policy interest
(policy site) by assigning an existing valuation estimate for a similar ecosystem (study site).
Most global or national studies apply the unit value transfer (see Section 3 for detailed
description  of  approaches).  While  economic  valuation  of  ecosystem  services  is
undoubtedly  context  dependent,  monetary  values  can  assist  the  decision-making  by
expressing the value in common units  which people understand and compare different
policy options and impacts in terms of human welfare (Brander et al. 2011, Costanza et al.
2014).

Numerous national  ecosystem service assessments have been launched, including,  for
example,  TEEB  country  studies  (TEEB  2013)  and  national  assessments  in  European
countries  (Schröter  et  al.  2016).  National  assessments  accumulated  an  extensive
knowledge  base  about  the  role  of  ecosystem services  in  generating  societal  benefits,
though they are usually not providing a single estimate of ecosystem service value for the
nations.  The  most  thorough  national  assessment,  the  UK  National  Ecosystem
Assessments (UK NEA), produced many reports and tools illustrating the role of national
ecosystems in  generating  benefits  to  society.  The  UK NEA economic  valuation  report
Bateman et al. (2011) presents a comprehensive account of ecosystem service values for
different services and sectors. Bateman et al. (2013) demonstrated the use of economic
values of ecosystem services in scenario-based analysis of future land use in the UK. This
study  was  based  on  models  providing  valuation  of  5  ecosystem services.  Aspects  of
economic  valuation  of  ecosystem services  have  also  been  considered  in  the  Spanish
National Ecosystem Assessment (Quintas-Soriano et al. 2016) where the meta-analysis of
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valuation studies found 649 economic value estimates within the 150 primary studies. A
national study, carried out in the Czech Republic by Frélichová et al. (2014), used a novel C
onsolidated Layer of Ecosystems developed in the Czech Republic and comprising 41 land
cover  categories  differentiating  natural  and  human-influenced  ecosystems  and  17
ecosystem services to estimate the total economic value of ecosystem services by unit
value transfer at the national scale.

There are still multiple challenges in national level valuation. As economic valuation studies
reveal, there is a trade-off between the number of services valued and data availability for
original (primary) valuation. In this article, we focus on improving the procedures for value
transfer information to be applied in national level value transfer. The aim of this article is to
present methodological aspects for assessing the economic value of ecosystem services at
the national level by means of a systematic review. Based on rapidly growing databases
and availability of primary ecosystem service valuations studies, value transfer techniques
can be used to estimate the total value of ecosystems within the national territories and
detect  the  trends  and  spatial  changes  in  the  ecosystem services  values.  We  present
methodological  aspects  of  national  studies  applying  the  value  transfer  approach  and
illustrate the challenges for national level valuation of ecosystem services based on the
example of the Czech Republic.

2. Methodological approach to valuation at the national level 

Ecosystem service valuation (ESV) utilises various methods and approaches to estimate a
monetary value of ecosystem services (Liu et al.  2010). These methods, which can be
based  on  market-based  estimates,  cost-based  estimates  or  stated  and  revealed
preferences  estimates,  incorporate  conventional  as  well  as  innovative  approaches  to
ecosystem service valuation (Nijnik and Miller 2017). National level assessments utilising
the  value  transfer  approach  can  use  the  available  information  generated  from primary
valuation studies to scale-up ecosystem service value estimates to the national scale using
value transfer methods (Brander 2013).

Estimating economic values associated with ecosystem services at the national level by
value transfer follows several steps. First, a comprehensive categorisation of ecosystems
containing the distribution of ecosystems in a country is required. In addition to the global
land cover maps applied in global valuation studies, more detailed data sources are usually
available at the regional or national level. Second, a database of ecosystem service values
provides information on the available estimates of economic value. Third, selection and
application  of  the  value  transfer  approach enables  the  quantification  of  the  ecosystem
service value at the national scale. Combination of these databases and application of
value transfer enables the quantification and mapping of ecosystem service value (ESV) at
the national level (Fig. 1). Below, we provide a description of the methodological aspects
for  creating these datasets.  We present  the methodological  aspects of  classification of
ecosystems, the classification of ecosystem services and a systematic search for value
transfer.
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2.1. Classification of ecosystems 

In  European countries,  various ecosystem mapping sources are available.  At  the pan-
European level,  CORINE Land Cover dataset presents one of the possible sources for
mapping the extent of ecosystems and detecting changes in the land cover.

The CORINE Land Cover (Coordination of Information on the Environment Land Cover,
CLC) is referring to a European programme establishing a computerised inventory on land
cover of the EU Member States and other European countries. CORINE Land Cover is a
component of Copernicus Programme Land Monitoring Service and is coordinated by the
European Environment Agency (https://land.copernicus.eu/pan-european/corine-land-cover
). The CORINE Land Cover is provided for the years 1990, 2000, 2006 and 2012. This
vector-based  dataset  includes  44  land  cover  and  land  use  classes  in  a  hierarchical
nomenclature (Kosztra et  al.  2017).  The time-series also includes a land-change layer,
highlighting changes in land cover and land use. Five general categories include artificial
surfaces, agricultural areas, forest and semi-natural areas, wetlands and water bodies.

The  classification  of  ecosystems  for  ecosystem  service  assessments  usually  requires
some aggregation. Suppl. material 1 presents an example of classification of ecosystems
using CORINE Land Cover categories, aggregated into 8 broader classes. We included
only categories occurring in the Czech Republic and excluded categories typical  of  the
Mediterranean  (olive  groves,  sclerophyllous  vegetation),  coastal  structures  (beaches,
dunes, salt marshes, salines), marine (estuaries, seas) and high-mountain areas (glaciers
and permanent snow). Artificial and bare land categories are classified as unproductive
surfaces and therefore, their ecosystem service value is usually set to zero.

 
Figure 1. 

Scheme of ecosystem service valuation at the national level.
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In the Czech Republic, a more detailed map of the ecosystems called Consolidated Layer
of Ecosystems of the Czech Republic (CLES) was developed in cooperation with the Czec
h Nature Conservation Agency. CLES presents a detailed map of the extent of natural as
well as artificial ecosystems in the national territory (Fig. 2, Suppl. material 1). CLES was
developed by detailed habitat mapping in the Czech Republic and by the availability of
other data sources on agricultural land, urban areas and water bodies. The advantage of
CLES is the detailed resolution of ecosystems applicable even at the local level. However,
in its current form, CLES cannot be used to track the changes in ecosystem service values.

2.2. Classification of ecosystem services 

For a valuation of ecosystem services at the national level, a comprehensive classification
of ecosystem services is required.

We  used  the  classification  of  ecosystem  services  CICES  (Common  International
Classification of Ecosystem Services) version 4.3, which was published in 2013 and is a
widely  used  classification  of  ecosystem  service  research  (Haines-Young  and  Potschin
2018; Czúcz et al. 2018). There already existed a new updated and extended version of
CICES (v5.1, Haines-Young and Potschin 2018) at the time of writing this article, but we
decided to continue to use the previous version as it is more straightforward and easier to
use. Compared with other recognised and globally used classifications (e.g. MA, TEEB,

 
Figure 2. 

Illustration map of the Consolidated Layer of Ecosystems of the Czech Republic.
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FEGS-CS, NESCS), CICES provides a higher level of detail amongst ecosystem service
categories branched within a solid hierarchical structure (Czúcz et al. 2018).

CICES defines three broad categories (sections)  of  ecosystem services – provisioning,
regulation  and  maintenance  and  cultural,  which  are  subdivided  into  three  fixed  levels
(division, group, class) and one open sub-level (class type). To provide an overview of the
classification content and structure, the following table shows the first three levels of the
classification (Table 1).

Section Division Group 

Provisioning Nutrition Biomass

Water

Materials Biomass, Fibre

Water

Energy Biomass-based energy sources

Mechanical energy

Regulation &
Maintenance 

Mediation of waste, toxics and other nuisances Mediation by biota

Mediation by ecosystems

Mediation of flows Mass flows

Liquid flows

Gaseous / air flows

Maintenance of physical, chemical, biological conditions Lifecycle maintenance, habitat and
gene pool protection

Pest and disease control

Soil formation and composition

Water conditions

Atmospheric composition and
climate regulation

Cultural Physical and intellectual interactions with ecosystems
and land-/seascapes [environmental settings]

Physical and experienced
interactions

Intellectual and representational
interactions

Spiritual, symbolic and other interactions with
ecosystems and land-/seascapes [environmental
settings]

Spiritual and/or emblematic

Other cultural outputs

Table 1. 

CICES v4.3 classification of ecosystem services, Haines-Young & Potschin 2013.
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3. Valuation by value transfer 

Ecosystem service valuation on larger spatial scales (such as global, regional or national)
requires  the  aggregation  of  values  for  different  ecosystems  and  ecosystem  services
(Costanza et al. 2014). These studies usually apply the value transfer approach, scaling-up
values from primary studies to wider policy contexts (Brander 2013). Value transfer has
been recognised as a cost-effective method where existing data from original studies are
transferred to novel settings.

Value (benefit)  transfer  is  a commonly used method in large-scale ecosystem services
valuation studies. There are basically 2 types of value transfer methods (Johnston et al.
2015) with two variations within each:

(1) The unit value transfer:

1.1. Simple, single unadjusted value transfer;

1.2. Adjusted unit value transfer in order to account for factors such as currency values or
income.

(2) Benefit function transfer:

2.1 Single-site benefit function transfer, which employs an estimated function from a single
primary study;

2.2 Meta-analysis value transfer which gathers information from a set of prior studies.

The unit value transfer has been applied in multiple contexts, including a global valuation of
ecosystem services and change in the values (Costanza et al. 1997, Costanza et al. 2014)
and national valuations of the contribution of natural ecosystem capital to the economy
(Kubiszewski et al. 2013, Frélichová et al. 2014, Niquisse and Cabral 2017).

Meta-analysis  value transfer  has been applied for  thematic  assessments  of  ecosystem
services  such  as  wetlands  (Ghermandi  et  al.  2010),  forests  (Chiabai  et  al.  2011),
mangroves (Brander et al. 2012) and lakes (Reynaud and Lanzanova 2017). Schmidt et al.
(2016) developed meta-analysis value transfer functions for 12 ecosystem services based
on 194 case studies using 839 monetary values of ES.

The general form of a benefit transfer function can be described as (Johnston et al. 2015):

y  = f (x  β ) 

where y is the predicted value estimate for site j and population s. The vector of variables x
(j,s) represents the factors that explain variations in value estimates y (j,s) and β (j,s) is a
vector of parameters that reflect the effect of each factor on y (j,s). The explanatory factors
can incorporate the type of valuation study and valuation method, the type and abundance
of  an ecosystem,  the socioeconomic characteristics  and the geographical  context.  The

j,s j,s j,s
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meta-analysis value transfer is thus a process of estimation using a regression analysis of
many primary study results.

If  appropriate data are available,  it  is  possible to combine the unit  and meta-analytical
approaches in national-scale ESV data synthesis and assessments (Quintas-Soriano et al.
2016). Value transfer requires a systematic search of literature. In the next section, we
focus  on  selected  aspects  of  a  systematic  review (SR)  for  value  transfer  and discuss
results and challenges associated with a systematic search for value transfer.

4. Systematic review of ecosystem service values 

Value  transfer  approaches  require  availability  of  comprehensive  datasets  capturing  the
economic  values  of  ecosystem  services.  The  most  widely  used  databases  are  the
Ecosystem  Service  Valuation  Database  (ESVD)  (de  Groot  et  al.  2012)  and  the
Environmental  Valuation Reference Inventory (EVRI) database. In our previous projects
focusing on pilot  ecosystem value assessment  at  the national  level,  we developed the
EKOSERV database for unit value transfer at the national level (Frélichová et al. 2014). The
EKOSERV database has been updated using the systematic review protocol we tested to
collect relevant data for ecosystem service valuation at the national level.

Systematic  Review  (SR)  is  a  step-wise  methodology  that  aims  to  collect,  assess  and
synthesise existing research data. SR lays down a priori eligibility criteria and an a priori
methodological protocol. The preparation of the protocol is a crucial part of the SR as it
ensures  that  the review  is  “carefully  planned  and  that  what  is  planned  is  explicitly
documented before the review starts,  thus promoting consistent  conduct  by the review
team, accountability, research integrity and transparency of the eventual completed review”
(PRISMA Group guidelines in Moher et  al.  2015).  SR forms one of  the basic steps in
preparation  of  the  database  for  national  ecosystem  service  valuation.  SR  provides
information underpinning the value transfer and enables a cost-effective and relatively rapid
technique for extracting the ES values when data or resources are limited (Doerr et al.
2014).

We performed a SR to investigate the economic value of ES provided by ecosystems that
have been assessed in scientific literature. ESV is a relatively new and popular discipline
and  the  state  of  the  art  is  evolving  rapidly  (Abson  et  al.  2014,  Kull  et  al.  2015).  SR
methodology  has  been  primarily  employed  in  medical  and  healthcare  disciplines  while
expanding to other disciplines as well (Tranfield et al. 2003, Haddaway et al. 2015), where
organisations were formed in order to establish a formalised procedure for the SR process.
In  conservation  science,  the  SR  is  a  common  method  to  summarise  evidence  about
environmental  management  interventions  (Cook  et  al.  2013,  Doerr  et  al.  2014)  and  it
provides an efficient means to facilitate the accessibility of the available knowledge in order
to better provide information for decision-making (Pullin and Stewart 2006). A clear and
consistent structure of SRs adds another important feature – repeatability (Haddaway et al.
2015).
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There are already several studies using the SR method in ecosystem service valuations,
e.g.  to  synthesise  evidence  concerning  ES indicators  or  ES from specific  ecosystems
(Czúcz et al. 2018, Shepard et al. 2011). However, to the best of our knowledge, there is
no agreed procedure for the SR process and especially meta-analytical ecosystem service
valuations and, thus, the SR process is yet to be determined, though, for our investigation,
we followed the standards referred in the Cochrane Collaboration review collaborating body
(Collaboration  for  Environmental  Evidence  2013).  Despite  recent  methodological
developments (Richardson et  al.  2015),  there are no standardised guidelines for  value
transfer valuations applicable at the national level.

4.1. Structure of systematic review

Fig.  3  illustrates  the  methodology  of  a  systematic  review  in  line  with  the  Cochrane
standards. The abbreviations P, I and O refer to process, input and output, respectively.
Each process results in an input for the next process and/or an output. A protocol defines
the steps (processes) in the revision. The research team first  enters the keywords and
decides  which  search  engines  to  use  for  the  literature  scoping  (P1).  Several  keyword
selections may be performed in order to capture as many as possible relevant (by quick
scanning of title) references. Different datasets (e.g. Scopus vs WoS) may lead to different
outcomes based on the phrasing of the keywords or based on a similar wording of the
keywords.  Keeping  track  of  the  efforts  is  advisable  for  the  final  decision  of  selected
keywords.

 
Figure 3. 

Stages  of  the  systematic  review  process.  Adapted  from  Collaboration  for  Environmental
Evidence 2013.

Methodological aspects of ecosystem service valuation at the national level 9

https://arpha.pensoft.net/display_zoomed_figure.php?fig_id=4307100
https://arpha.pensoft.net/display_zoomed_figure.php?fig_id=4307100
https://arpha.pensoft.net/display_zoomed_figure.php?fig_id=4307100


P1 leads to a great number of eligible studies. If more than one dataset is used, then a
cross-check between the inputs should be performed in order to exclude references that
are captured in both datasets, i.e. duplicates. Then the research team should go through
the abstract and the title of studies and exclude those that do not fit the subject of research.

Hence, P2 concludes with a number of relevant studies which need to be read through.
Sometimes the studies cannot be sourced or are written in a language other than English
and, as such, need to be excluded from the list of studies.

In  P3,  the  research  team revised  all  the  studies  extracted  from P2  based  on  certain
inclusion and exclusion criteria (Table 2). The inclusion criteria are set as criteria that can
be regarded as the reasoning for including a study in the final dataset and the exclusion
criteria as the reasoning for rejecting it. P3 concludes with a semi-final list of studies.

Inclusion Exclusion 

Study Empirical study (primary data) Meta-analysis study

Peer reviewed studies Methodological or conceptual study

Studies in English Web articles

Studies that have been published after year
2000

Grey literature

Studies where site and valuation of ES refer
to European countries

Large scale: Global scale studies

Valuation Economic valuation is one of the study
objectives

Studies that assess ES but not in
monetary terms

Valuation of ES* Valuation of biome/ecosystem

Not clear and or eligible valuation method

Value range without mean value

* In some cases, it is also important to restrict searching in studies that value certain ES or studies that value ES
using certain methods (e.g. cultural ES using stated preference methods). The latter is to avoid discrepancies in
welfare measures i.e. only Hicksian or Marshallian values. This requirement has been discussed in literature (e.g.
Johnston and Moeltner 2013). 

The last process, P4, aims to set up a database and to perform a reliability assessment of
the studies. The reliability assessment is based on certain quality criteria, considering that
the studies vary in quality and the final list of studies should only include the most reliable
sources (Michel and Hudon 2015). Based on the research objectives, the team created a
database with information taken from the semi-final list of studies. The database includes
the quality criteria according to which the studies should be scored. A final revision follows
based on the scoring of the studies. The final output is a database for analysis where the
data are acquired from the final/most relevant studies. The processes P2 and P3 (Fig. 3)
were based on pre-defined eligibility criteria which are shown in Table 2.

Table 2. 

Eligibility criteria for inclusion of studies in systematic review.
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After screening, a database of selected studies was built up and structured in line with the
template  shown  in  Table  3  (P4).  The  studies  were  assessed  with  a  score  of  10,
corresponding to the following five criteria:

Study info Authors

Publication year

Reference

Site and country
specifics*

Scale: Local, regional, national

Area in hectares

Latitude

Country

Population density

GDP per capita

Purchase parity power conversion factor

Consumer price index: of valuation year and of current year

Biome and Ecosystem
service (ES) details 

Biome type

ES classification (by CICES): Section, group, class

ES classification as described on the study

Valuation details Value reported**

Units

Currency

Year of valuation

Method: Price-based, Cost-based (all subcategories), Production function-based (all
subcategories), Revealed preference (all subcategories), Stated preference (all
subcategories), Benefit transfer (all subcategories)

Valuation approach: : Direct market value, Stated preference, Revealed preference,
Benefit transfer

Study objectives Objectives of valuation

Quality Quality score: 1-10

Other comments Other

*  The  site  and  country  specifics  are  necessary  inputs  for  meta-regression  analysis  or
adjusted value transfer.

** For value transfer, the value reported should be converted in the same currency per
hectare  of  ecosystem  per  year.  Even  for  cultural  services,  where  values  are  usually

Table 3. 

Data extraction template for ecosystem service valuation database.
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reported in value/respondent per visit, the same conversion is necessary (as in Ojea et al.
2010).

1. Description of biome and ES classification by classification system
2. Description of policy context of valuation
3. Description of study area (location, hectares of biome valued, latitude)
4. Description of valuation method
5. Description of valuation output (units, currency, year of valuation)

Each criterion was given a score of  0,  1 or  2,  meaning weak,  moderate or  strong.  To
distinguish between papers of different quality, those that scored less than 4 were given a
“Low quality”  score;  those  scoring  between  4  and  7  were  considered  of  “Reasonable
quality” score; and papers with a score above 7 were considered of “High quality”.

4.2. Results of systematic review of valuation studies

We  performed  a  systematic  search  in  Scopus  and  ISI  Web  of  Knowledge  science
databases  using  keywords  “ecosystem  service”  and  “valuation”,  complemented  by
keywords indicating the ecosystem type, i.e. urban, forest, wetland and water. The inclusion
and exclusion criteria were selected in line with details presented in Table 2. We limited our
search to European studies only and also limited the time span of studies to 2000 – 2017.
Another  limitation  of  the  scope  of  systematic  review  stems  from  the  classification  of
ecosystems occurring in the territory of the Czech Republic. Based on the above-described
SR process, our illustrative exercise concluded in the findings presented in Table 4. The
details of primary studies are presented in Suppl. material 2. Reliability assessment and
output  O7 (final  list  of  studies  for  building  the  database and analysis,  Fig.  3)  are  not
reported here as it was considered that these are out of the scope of the paper. However,
during this stage, we excluded grey literature and technical reports and limited our review
to only information published in peer-reviewed journals.

P1: Review scoping P2: Abstract
and title
screening 

P3: Full text
screening 

Ecosystem Database Keywords Timespan I1: Studies
identification 

I2: Potentially
relevant
studies 

I3: Relevant
studies 

Urban green Web of
Science
Scopus
EKOSERV*

“ecosystem service”
AND “valuation” AND
“urban”
“Europe”**

2000-2017 97 23 9

Agricultural Scopus
EKOSERV*

“ecosystem service”
AND “valuation” AND
“agriculture” + limit to
European countries

2000-2017 78 28 13

Table 4. 

Summary of systematic review results.
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Permanent
crops

Scopus
EKOSERV*

“ecosystem service”
AND “valuation” AND
“orchard” + limit to
European countries

2000-2017 3 2 2

Pasture and
grasslands

Scopus
EKOSERV*

“ecosystem service”
AND “valuation” AND
“pasture” + limit to
European countries
“ecosystem service”
AND “valuation” AND
“grassland” + limit to
European countries

2000-2017 29 20 4

Forest Web of
Science
Scopus
EKOSERV*

“ecosystem service”
AND “forest” AND
“valuation” AND
“Europe”
“ecosystem” AND
“service” AND “forest”
AND “valuation” +
EXCLUDE non-
European countries

2000-2017 158 66 30

Wetland Web of
Science
Scopus
EKOSERV*

wetland AND
“ecosystem service”
AND valuation +
EXCLUDE non-
European countries
In EKOSERV exclude
coastal wetlands

2000-2017 58 18 9

Water Scopus
EKOSERV*

“water” AND “ecosystem
service” AND “valuation”
+ EXCLUDE non-
European countries
“lake” AND “ecosystem
service” AND “valuation”
+ EXCLUDE non-
European countries
“pond” AND “ecosystem
service” AND “valuation”
+ EXCLUDE non-
European countries
“river” AND “ecosystem
service” AND “valuation”
+ EXCLUDE non-
European countries
“water-body” AND
“ecosystem service”
AND “valuation” +
EXCLUDE non-
European countries

2000-2017 216 22 8

*Selection for European studies, timespan 2000+, excluding coastal wetlands
**European countries were later included in the final results by country/region

We found 75 original relevant studies in total after stage P3, including 344 observations of
ecosystem service values (Table 4). At the initial stage I1, we identified 639 studies. During
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the stage P2 (abstract and title screening), the number of potentially relevant studies was
reduced  to  179.  The  number  of  published original  valuation  studies  has  increased
substantially during the last years (Fig. 4), with the highest number of studies published in
2016 and focusing on valuation of forest ecosystem services.

5. Transferability of results and limitations 

The  value  transfer  approach  poses  multiple  challenges  and  imposes  limitations.  The
valuation method, the presence of agents that will  benefit  from the service, the level of
supply of the service, the time of the analysis and the contextual variables describing the
socioecological  system  in  space,  can  influence  the  value  of  the  ES  and  need  to  be
controlled  (Troy  and  Wilson  2006).  The  majority  of  ecosystem  services  valuations
conducted at the national level have been based on the simple unit value transfer. Basic
value transfer still requires extensive databases capturing ecosystem service values, such
as ESVD (de Groot et al. 2012).

Despite  the  rapid  progress  in  national  ecosystem assessments  (Schröter  et  al.  2016),
national ecosystem service valuations are scarce. The reason could lie in the limitations of
the  value  transfer  techniques.  Detailed  long-term  ecosystem  service  valuation  studies

 
Figure 4. 

Number  of  original  ecosystem  service  valuation  studies  found  in  the  systematic  review
process.
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based on biophysical modelling or assessments have only been performed at the regional
level  (Jiang et  al.  2013).  Indeed, a review by Malinga et  al.  (2015) concluded that  the
majority of ecosystem services mapping has only been conducted at the municipality or
province level. Only one-fifth (19%) of the mapping studies were conducted at the national
level.

Schägner et al. (2013) reviewed studies focusing on ecosystem service value mapping.
Their estimate of the proportion of studies conducted at broader regional or national levels
(24%) is similar to that of Malinga et al. (2015). National studies usually cover an area
ranging from 10,000 km  to 100,000 km . From the methodological  point  of  view, they
found that the majority of the ESV mapping studies used the simple unit value transfer
approach, combining land cover proxy with the unit value of ES. Only 4% of the studies
performed a meta-analytical benefit transfer function.

Another limitation of the value transfer studies is the context within which the ecosystem
service  valuations  are  produced.  Several  studies  have  developed  policy  scenarios  or
targets analysis, for example in the context of cost-benefit analysis (CBA) (Peh et al. 2014).
Ecosystem service values are dependent on policy targets and scenarios. Therefore, these
values are difficult to transfer to different policy contexts.

A value transfer can be based on transferring values tied to biophysical values which is the
standard approach applied in primary valuation studies or model toolkits such as InVEST
(Kareiva et al. 2011). An ecosystem service valuation at the national level usually applies to
an  area  of  land  cover  as  a  spatial  biophysical  proxy.  This  approach  requires  values
available per area unit, for example EUR per hectare. However, a vast amount of data in
ecosystem service valuation databases is reported in different units, such as population or
mass flows (Table 5). Sometimes, a biophysical-based value transfer is a more appropriate
method, especially in the context of policy-related measures such as abatement of climate
change via reduction of greenhouse gases or policies reducing the flow of nutrients from
agriculture and households into water bodies. This is related to the discussion of valuing
marginal changes rather than communicating the total value of ecosystems (Fisher et al.
2008, Bateman et al. 2011). Therefore, transferring values per tonne of carbon stored in
forest  ecosystems  or  kilograms  of  nitrogen  retained  in  wetlands  can  be  a  meaningful
approach to value transfer.

Ecosystem service valuation Biophysical unit Value 

Area units 

Total aggregate value Area (hectares) EUR per ha

Mass units 

Climate regulation Mg of carbon EUR per Mg

Air filtration Mg of pollutant EUR per Mg

2 2

Table 5. 

Examples of different units for value transfer.
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Water regulation Cubic metre of water EUR per m

Non-material units 

Recreation Number of visits EUR per visit

Recreation Person-visit EUR per person per visit

Finally, we should mention a controversy in the monetary valuation of ecosystem services.
It has been suggested that an economic valuation of ecosystem services cannot capture
the complex biophysical and socio-cultural benefits provided by ecosystems (Schröter et al.
2014).  Even  in  countries  with  readily  available  data  for  national  ecosystem  service
valuations, such as the United Kingdom (Bateman et al. 2013) or Spain (Quintas-Soriano
et al. 2016), researchers are hesitant to make total economic value estimates for national
ecosystems. This can be due to the perceived immaturity of the valuation techniques and
their complexity beyond the economic valuation of ecosystems services (Nijnik and Miller
2017) and issues relating to gaps in the understanding of marginal value curves and final
ecosystem services  and  goods  (Bateman  et  al.  2011).  Thus,  large-scale  estimates  of
economic values of ecosystem services generated by value transfer do not necessarily
represent ecosystem service values important to different stakeholders, beneficiaries and
participants. Also, ecosystem service valuations have often been reduced to assessments
of costs of environmental degradation or benefits of conservation policies and have not
been incorporated into consistent ecosystem accounting frameworks at the national level.

6. Conclusions

Ecosystem  service  valuation  at  the  national  level  is  still  an  emerging  discipline.  The
possible reasons for this are outlined in our paper – limitations of current value transfer
techniques or incomplete information in studies serving as inputs for SR valuation studies.
However, an increasing societal demand for broader-scale valuations and evaluations of
strategies and experimental ecosystem accounting might accelerate progress in the value
transfer techniques and in the synthesis of the existing data. Within the ecosystem service
assessment  community,  there  is  a  need for  standardised  valuation  data  reporting  and
presentation.  As  ecosystems  are  being  valued  in  significantly  varying  contexts,  with
different aims and policy goals, we suggest that the development of unified synthesising
frameworks would facilitate the application of the available data on ES valuations. As a
consequence, the ecosystem service valuations at the national level could become more
frequent and extend the knowledge about the importance of ecosystems for society and
human well-being. Information on the value of ecosystems on the national level, as well as
quantification of impacts of policy inaction or costs and benefits of strategies and plans,
could  enhance  decision-making  processes  supported  by  rigorous  ecosystem  service
science.

3
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