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INTRODUCTION: AIM AND CONTENT OF THE REPORT

1.1

Aim of the study

The study aims to further develop the monetary figures used in the previous Cost of Policy
Inaction (COPI) study (Braat & ten Brink (eds), 2008) - the outputs of which featured in the
'The Economics of Ecosystems & Biodiversity (TEEB)' Phase 1 report. The previous COPI
work is usually referred here as to as the ‘COPI I’ study, as opposed to the ‘COPI II’ which is
the current report.
The study examines both the initial figures used in the COPI I study and their transfer to other
sites. Secondly, it examines in more detail the possibility of substitution effects (from services
generated by similar ecosystems or by man-made capital) and the way they can potentially
affect the values used in the study.
The numbers used in the previous COPI analysis are here tested, validated, extended and
further improved. The present work aims to make these figures more reflective of the wider
range of ecosystem services, land use, geography, and biome combinations. In addition, the
numbers and assumptions used in COPI I (notably for the range of benefits transfer techniques)
are here tested, fine tuned and supported by more extensive documentary evidence and wider
peer review to ensure that updated COPI numbers are as robust and defensible as possible.
This, in turn, aims to ensure that the COPI figures and findings are appropriately updated.
The present study builds on three core tasks:
 Task 1: Further development of reference values – notably testing/strengthening the
forestry values; adding in extra information on regulatory services - that are understood to
be very important ecosystem services across biomes, but less well covered by valuation
studies; and putting the COPI work in the context of what ecosystem services values are
available and what values are not.
 Task 2: Sensitivity analysis of benefit transfer – in COPI I there were four types of
benefits transfer used: (a) Geographic benefits transfer; (b) Time benefits transfer; (c)
‘Benefits transfer’ across land-uses within a biome (e.g. from natural areas to other uses);
and (d) ‘Benefits transfer’ across biome – e.g. relationship of carbon storage from one
forest to another, or forest to grassland etc. These are looked at again from a point of
view of testing/improvement/fine tuning, clarifying uncertainties, offering clarity on
assumptions and their substantiation/documentation such that the best set of practical
benefit transfer protocols/approaches can be used.
 Task 3: Potential for substitution – this issue was less covered in COPI I, where
generally the simple approach was taken that a conversion of natural land leads to a loss
of ecosystem services (i.e. linear reduction). COPI II takes into account that, clearly,
limits to substitution exist and may make the costs of maintaining an ecosystem service
exponential or hit a critical threshold. Conversely there may be full substitution in the
short term so that loss of biodiversity does not translate into loss of services. The tasks set
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out the ecological issues in relation to generation of services, and the implications for
economic values to represent this at a point in time and over a period in time.
This report was prepared by the Institute for European Environmental Policy (IEEP) in
collaboration with Alterra, GHK, Ecologic and supporting experts Aline Chiabai, Ben ten
Brink, Mark van Oorschot, Anil Markandya and Paulo Nunes.
1.2

Structure of the report

The content of this report is structured as follow:
Chapter 2 presents an overview of the study background, summarising the methodology,
rationale and results under the previous COPI study. Supporting tables on the multipliers and
time inflators used for gap filling/benefit transfer in COPI I are included in Annex I.
Chapter 3 describes the methodology used and the new and improved values assessed under
task 1 ‘Further Development of Reference Values’. The information under task 1 is
complemented by Annex II on the implications of the database for the COPI assessment,
Annex III, presenting selected case studies on forest regulating services, Annex IV, on the
assessment of carbon sequestration services in agriculture, Annex V explaining the
methodology used for the valuation of carbon stocks, and Annex VI providing a fine-tuning of
the marginal values for cultural services estimated in COPI I, harmonising the methodology
used for value-transfer and computing a range of possible values.
The full database of ecosystem services values per biome and geographical area is included in
Annex IX – provided in a separate file.
Chapter 4 describes the methodology, the multipliers and assumptions used for benefit
transfers under task 2 ‘Sensitivity Analysis of Benefit Transfer’.
Chapter 5 illustrates the concept of natural and artificial substitution in the context of COPI
under task 3 ‘Potential for Substitution’. A detailed description of the artificial substitutes
taken into account in this study is provided in Annex VII.
Chapter 6 presents the conclusions and recommendations of the study, as well as some
insights from the COPI – TEEB D0 workshop which took place in April 2009. Additional
insights on the workshop are summarised in Annex VIII.
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2

2.1

THE STUDY BACKGROUND: THE COPI I RATIONALE AND LINKS WITH
COPI II

The importance of COPI and need to test, fill the gaps, fine tune

The COPI study provided key ecological and economic insights on the impacts of not halting
biodiversity loss. An aggregate global figure for the loss of ecosystem services associated with
the loss of biodiversity (expected from no additional policy action), was derived equating to a
€14 trillion loss in the value of services from the cumulative loss of biodiversity over the
period 2000 to 2050. This is equivalent to around a 7 per cent of gross domestic product (GDP)
loss in 2050. The loss of forestry services accounted for a big share of this, with just over 5 per
cent of GDP loss in 2050 associated with forestry biome related service losses.
These values, and the underlying ecological issues, were integrated into the TEEB Phase 1
report and also given due prominence in a range of presentations on the TEEB carried out at
Bonn at the COP9 and other events. There is therefore scope for the revised COPI II numbers
to be a valuable contributor to the future success of TEEB Phase II and raising interest and
attention in the loss of biodiversity by the press, public and political levels and hence
contribute to halting the loss of biodiversity.
As noted in the introduction, the proposed work on fine tuning the matrix of per hectare values
on ecosystem services across land uses, biomes and ecosystem services, improving the benefits
transfer approaches to address gaps, and better integrating the issue of services substitution,
aims to help offer better, more representative, more robust and better explainable numbers.
2.2

Overview of COPI I analysis – key steps and where the tasks under COPI II fit

In order to put the COPI II study and methodology in context, it is important to clarify the key
steps of the previous COPI I study – which the present work aims to fine tune and improve.
The COPI I methodology is amply described in the COPI report, so only some key steps are
noted here where relevant to the study.
The core evaluation of the cost of policy inaction from not halting biodiversity loss in COPI I
has been based on a number of core steps. The links between COPI I core steps and COPI II
tasks are summarised in the yellow boxes below when relevant.
Core Step 1: Data for land-use change over the period 2000 to 2050. The methodology built
on the land-use changes from 2000 to 2050, based on the OECD/GLOBIO work – covering all
key terrestrial biomes across the world. This analysis looked at changes in land use within
each biome, changes in ecosystem services (ESS) provision that occur from change in land use
and from changes in quality (due to fragmentation, nitrogen pollution and climate change), and
changes in the value of the service provision, by allocating values to the ecosystem services
provided by each land use. The study looked at 8 land-use types, 15 biome types, 20
ecosystem service types and 14 geographic regions.
The COPI data set covered:
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1. land use in 2000 and change in land-use 2000-2010, 2030, 2050
2. a change of biodiversity, measured by the indicator ‘Mean Species Abundance’ (MSA),
which is calculated with the IMAGE-GLOBIO model (see Alkemade et al., 2009 for a
recent documentation and application of the model), reflecting changes in the of quality
of the land due to climate change, pollution, fragmentation.
Both elements form the world covering basis for the monetary evaluation, and by its
classification in land use types, biomes and regions, also the basis for ‘grossing up’, or
aggregation of values to world totals (per biome, region or ecosystem service).
The classification of ecosystem services was taken from the Millennium Ecosystem
Assessment (see Braat & Ten Brink, 2008, Chapter 5)

Core Step 2: Develop and populate a matrix of ecosystem service (ESS) values across
land-uses for each biome (and for each region) – in a form that allows link to the land use
data. The work in COPI I covered the following issues: data coverage, meaning of the data,
selection of suitable cases to develop representative picture of ecosystem service values for
land use and biome and population of the ESS matrix. As regards data coverage, there were
different levels of information for different regions, different biomes, different ecosystem
service types and also for different value types (e.g. easier to get market-based information for
use values than non-market values on non-use, bequest value and insurance values).
Populating the matrix entailed three stages
(a) finding and building on values of ecosystem services from existing literature and
developing representative values from the data available for the different areas,
(b) own analysis to develop ecosystem service values – carried out for forestry; and
(c) gap filling, to address gaps in ecosystem service values by land uses, biomes, geography
and into the future.
Link with COPI II: The first two stages (a and b) are core to the development of the
‘valuation database’ and relate to Task 1 of the present study – which identifies and includes
additional values from the published and grey literature and tests/fine-tunes the numbers used
in COPI I. Task 3 on substitution will also offer additional insights into the numbers.
The gap filling (c) is part of Task 2 of the present work, looking at benefits transfer (see also
steps below).
Core Step 3: Gap Filling for ecosystem service values within a biome – across landuse
types: The data from the literature was not able to give enough detail on different values for
different land uses within a given biome, and a range of approaches were used in COPI I to fill
these gaps.
The first significant gap filling was carried out to develop values for different land use types
within a given biome. In general, the valuation literature provided a value for ecosystem
services for a given landuse type within a biome (usually for natural areas that were being
studied). If only these were to be applied, then there would be too many gaps to derive a total
value for the change in landuse.
12

To address this evaluation challenge, the COPI team looked at the broad relationship between
ecosystem service provision and landuse types within a biome. For instance, for regulating
services (water, air, climate) there is a gradual fall of services as the area is degraded. For
recreation and tourism, generally values require a certain amount of accessibility and
infrastructure to have maximum wealth, and fall as the quality of the resource falls due to
increased human activity - hence the values peak early, under light use. For other cultural
services, such as spiritual value or general cultural values, they tend to fall as the resource is
degraded. For provisioning services (such as food), this is maximised in post conversion land
use (e.g. as non market forest products are significantly less than in converted lands), with the
maximum depending on soil quality, market for the goods and also nature1 and timescale2 of
the analysis.
To enable these relationships to help fill gaps the COPI I team elaborated a number of
assumptions, based on expert judgement, which allowed to identify a series of relative factors
expressing the relation between ESS and land use types. These factors were used in turn to
‘transfer’ some of the ESS values found in the literature to other landuses within the same
biome. A more detailed description is provided in chapter 4.
Link with COPI II: This step relates to both Task 2 and Task 3 of the present COPI study.
Task 2 tests, substantiates and fine tunes these values from the perspective of ecological
functions across land use types.
It is also a major part of Task 3 as the level and value of service delivery within the biome
depends on the extent to which human’s are able to maintain (or in some cases enhance)
service delivery within a biome by converting or modifying natural ecosystems

Core Step 4: Gap Filling for ecosystem services across biomes: The above data gap-filling
addresses gaps where there is data on a service within a biome for a given land use. However,
the available data from the literature also reveals many gaps in ESS values for some biomes. In
some cases it is clear that there are services (e.g. water purification, carbon storage) and that
these are broadly similar between biomes. Where a broad relationship could be identified, the
values from one biome were transferred to another. For example a value for air quality
managmeent for scrubland was thought broadly applicable also to the biomes Mediterranean
Shrub and Savannah. Similarly the value of soil quality regulation was thought broadly
applicable to other forestry biomes.
Link with COPI II: Part of Task 2 of the present COPI study will be to test, substantiate and
fine tune these relationships in light of empirical evidence across biomes and regions. This in
turn will depend on testing the likely degree of comparability between biomes in relation to the
nature and extent of service delivery, populations benefiting and willingness to pay for the
relevant services.
1 E.g. if man-made inputs are excluded to derive net ESS value.
2 E.g. if future degradation taken into account.
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Core Step 5: Applying ‘conventional’ benefits transfer: The matrix in Core Step 2, even
with the above gap filling, does not yet adequately cover the full ranges of regions across the
world. A ‘conventional’ benefits transfer approach was therefore applied to address the gaps in
ESS coverage for geographic regions (e.g. European values transferred to Australia and New
Zealand), and across time (notably 2000 to 2050 for this study).
For transfering values across regions, GDP (in purchasing price parity (PPP) terms)/capita
ratios between countries were used for where the ecosystem service values were judged to best
reflect relative incomes – and where the good was seen as a global good with market prices
(e.g. timber) the common global values were used (i.e. a transfer ratio of 1). This is also
described in detail in chapter 4 of the present report.
Link with COPI II: Part of Task 2 of the present COPI study tests, substantiates and fine
tunes these relationships in light of empirical evidence across biomes and regions.
Furthermore, insights on substitution issues (Task 3 of the study) are also integrated into this
work.
Core Step 6: Extrapolation ‘today’s’ ecosystem service values into the future.
Extrapolation into the future from current numbers is an important and necessary step in the
analysis and one that is by its nature risky and imprecise. Leaving numbers at today’s levels (in
real terms) would lead to major weaknesses in the outputs – world population growth, income
level growth, change in societal preferences, and increased competition for limited and decling
natural resources will each affect value. Hence assumptions are needed to attempt to take these
into account. These are presented in Box 1.
The COPI I study implicitly build in assumptions on substitutability (this underpins the MSA
to services curva abve), but it didn’t test the limits of substitutatiblity (which could indicate
threshold effects).
Link with COPI II: An important part of Task 3 of the present study is to explore how
substitution issues can be integrated into this work. Part of this is reflected in the direct values
(Task 1 numbers are sometimes derived from the cost of the substitution – e.g. artificial water
purification). The study also looks at what is lost when there is (partial) substitution for one
service (e.g. often other services are lost), and also the temporal aspect (e.g. over time the
limits of substitution may be reached) and how this needs to be addressed (e.g. in ‘benefits
transfer’ in the future).

2.3

Summary

COPI I adopted a practical approach to the challenge of deriving a COPI estimate for not
halting biodiversity loss. It integrated economic and ecological expertise within the group, built
on wide set of literature and also took on board insights from the international workshop in
Brussels in March 2008.
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The nature of the COPI evaluation – aiming to get an aggregate global figure for the value of
the loss of ecosystem services associated with loss of biodiversity (quantity and quality) – is
such that only an approximate ball park answer can be obtained. The values are 'fit for
purpose', but that purpose is a top-down high-level assessment and they are not necessarily
usable at the local level as there may be significant differences from averages at the local level.
While this is recognised, it is important to ensure that the numbers are as robust as practical
and cover as wide a range of land-based biomes as possible. The present COPI II study intends
to address this point by fine-tuning and strengthening the analysis.
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3

3.1

TASK 1: FURTHER DEVELOPMENT OF REFERENCE VALUES

Introduction

Within the COPI I study, a matrix of reference values was developed – across ecosystem
services, biomes, land uses within biomes, and geographic areas, and also extrapolated to 2050.
This was developed on the grounds of the literature and data available. The result was an
operational matrix of values that gave a partial representation of the range of ecosystem
services across land uses/biomes/geographic areas, with some areas more fully represented,
some more ‘robust’, and some more ‘important’ from an overall influence on the numbers than
others. The current COPI study aimed to test, fine tune and extend this set of reference values.
The study assessed whether the values used for populating the matrix could be further refined
or further supported, and provided additional values to populate the matrix for biomes and
ecosystem services that could not be covered in COPI. Particular attention was paid to the
values attributed to forest biomes, given their dominance of the overall COPI value. Also,
particular attention was paid to the availability of evidence on values for regulating services,
and for further populating the matrix with such additional values. Furthermore, Task 1
determined the extent of gaps that it is currently impossible to fill due to lack of supporting
evidence.
3.2

Objectives, methodology and key issues of task 1

3.2.1 Background and Rationale
The first stage of the COPI I Biodiversity study (Braat & ten Brink (eds), 2008) invested
considerable effort in constructing a database of the value of ecosystem services across the
biomes of the world as a basis for assessing the change in value of ecosystem services brought
about by biodiversity loss. Despite the substantial efforts involved it was always recognised
that this database could not be complete and would benefit from further development and
refinement in future (see Braat & ten Brink, 2008, section 7.2).
The COPI Biodiversity report pointed to gaps in valuation evidence for a range of biomes,
service types and geographical regions. It concluded that, as a result, the estimates produced by
the COPI assessment could only be interpreted as a lower-bound estimate. It was
recommended that the next phase of the work should seek to fill these gaps in order to come to
more representative figures.
The report noted that some gaps in the database resulted from a shortage of scientific
understanding and economic evidence in key areas, and would need to be filled by further
original research and/or the development of benefits transfer approaches. However, it
suggested that some gaps could be filled by further literature review, prioritising certain
geographic regions such as Africa and Asia and making more use of the grey literature, local
knowledge and expert workshops.
The COPI I report also noted that the unit values derived from the literature review have a
major impact on the overall results of the assessment, and proposed that more quality checking
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of these results should be undertaken. It suggested that there was a need for a framework to
assess the suitability of studies and their results, as well as their wider applicability and
transferability.
The objectives of Task 1 of the present study were therefore to:
Assess whether the values used for populating the matrix can be further refined or
further supported; and
2. Provide additional values to populate the matrix for biomes and ecosystem services that
could not be covered in COPI.
1.

The task was concerned both with verifying and refining the values in the reference database
used in the COPI assessment, and in extending this database to include additional values.
3.2.2 Prioritising Efforts
While the study provides valuable additional resources to further develop the COPI
biodiversity assessment, it is important to recognise that the scope and complexity of the task
was potentially huge and that there was a continued need to prioritise efforts accordingly. This
is illustrated by the number of biomes, ecosystem services and geographic regions that need to
be covered, with the COPI Biodiversity report noting that 27,664 different values would
potentially be needed to complete the valuation database.
The search effort was prioritised according to the following criteria:
 Fit with modelling approach – the focus was largely, but not exclusively, on terrestrial
(rather than aquatic, marine or coastal biomes) in order to identify values that fit with the
GLOBIO model output
 Gaps in current coverage – the COPI I database lacked data for savannah, tundra, desert
and Mediterranean shrub, and had relatively few values for grassland and scrubland.
Geographical coverage was also uneven, with most data for North America and Europe
and relatively few values for other regions.
 Areas with greatest expected values and losses – the COPI I modelling suggested that
the biggest value of loss of services to 2050 occurs in North America, followed by
Africa, Russia, Other Latin America and Caribbean, Other Asia and Europe. The largest
losses by biome are for tropical forests followed by a range of other forest types,
savannah, scrubland, grassland and steppe. By ecosystem, the greatest losses are for
climate regulation followed by air quality, soil quality and water regulation/purification.
 Requirements of the brief – as well as forests, the brief stressed the need to focus on
regulating services.
As a result the search focused on:
 Biomes – forests, savannah, followed by scrubland, grassland and steppe, Mediterranean
shrub, tundra and desert
 Regions – Africa, Russia, other Asia followed by Brazil, North America, OLC, China,
Europe
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 Services – all, with a particular focus on a variety of regulating services.
While the search effort was prioritised in this way, this was not exclusive. In the course of the
review we also found additional studies for other biomes, regions and services, which have
been also added to the database.
3.2.3 Key Activities
The process of testing, fine tuning and extending the reference values involved the following
activities:
 Expert consultations: This action was intended to facilitate the review of the work
undertaken to produce data, and to bring expertise to inform the valuation of particular
biomes and services. The COPI team liaised with others involved in the identification
and application of ecosystem service values, including the TEEB D0 team, Conservation
International, Latin America and the Caribbean (LAC) Biodiversity Initiative and others.
A key opportunity to test the approach adopted and to identify further data sources and
contacts was the joint workshop on 1 April 2009 (see key insights in Annex VIII). The
expert consultations helped to signpost additional data sources, enables discussion on the
issues involved in the identification and interpretation of values and construction of
databases, and allowed raise awareness of the COPI work and share information with
others.
 Review of Submitted Evidence: The evidence review included a thorough analysis of
the documents in the CIRCA library by 20 April 20093, which were submitted in
response to a call for evidence issued by the Commission in the context of the
Economics of Ecosystems and Biodiversity. Those providing data on ecosystem values
were added to the database.
 Extending the Review of Forest Ecosystem Services: the analysis of forest ecosystem
services undertaken by FEEM in the first COPI Biodiversity report was extended to a
wider variety of regulating and cultural services, focusing on those expected to have
greatest economic value. These included an analysis of other regulating services, such as
water regulation and other provisioning services (selected case studies are provided in
Annex III); the updating and testing of the marginal values estimated for cultural
services (see Annex VI); an analysis of financial returns from forest provisioning
services; and an update of projections for future scenarios. A case study for Europe has
been provided focusing on carbon sequestration services in grassland and cropland soil
(in Annex IV). A detailed description of the methodology used for assessing carbon
stocks and the marginal damage cost of carbon is included in Annex V. Furthermore, a
common format was agreed for the presentation of forest values, which in COPI I was
conducted using a slightly different format to the main database. This has enabled to
incorporate all the forest values into the new COPI II database.
 Analyses for Other Biomes and Services: A large amount of work has been completed
to extend the database and to increase its coverage of other biomes, services and regions.
3

CIRCA is a collaborative workspace hosted by the European Institutions. A library has been established on it in
the context of the TEEB process, that includes a number of relevant studies.
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This has included all services, biomes and regions, with particular efforts made to cover
under-represented biomes (savannah, scrubland, tundra, desert, Mediterranean shrub)
and regions (especially Africa, Asia, South America, Australasia, Russia). Key sources
used included databases (Environmental Valuation Reference Inventory - EVRI,
ConsValMap, the IUCN/WWF sponsored Biodiversity Economics website, TEEB
library on CIRCA and others) and wider Internet searches. This work has enabled the
size of the database to be expanded significantly. A total of 383 new values have been
added to the database, which now incorporates 570 different values from 137 different
studies. The focus on terrestrial services and per hectare values means that a relatively
large proportion of the extra values identified are usable in the COPI assessment. While
only 61 of the 187 values in the COPI I database were per hectare values for terrestrial
biomes usable in the assessment, the current database includes more than 300 usable
values (see also Table 3 below for a comparison of the number of COPI I and COPI II
values). The increased coverage of the database was largely achieved through greater
searching effort, consulting a wider range of sources (both refereed studies and the wider
grey literature). There was no relaxation of the search criteria. Indeed the focus on
terrestrial, per hectare values meant that a larger proportion of the values obtained are in
a form potentially suitable for the COPI assessment.
 Assessment of the Value of Services Delivered by Converted Biomes: An evidence
review sought to develop the evidence base relating to the value of services within
converted and modified ecosystems, such as the value of different services delivered by
plantation forests and agricultural systems. This aspect of the task linked closely with
task 3 (potential for substitution). Some progress has been made in this area, though
only a limited number of studies were found comparing ecosystem services between
pristine and converted biomes. A review of the available evidence is provided below.
 Gap Analysis: Following our work to expand the database, we undertook a critical
review of the evidence collected in the expanded database, identifying where significant
gaps and uncertainties remain, and assessing the reasons for these. This was intended to
help inform the benefits transfer exercise (Task 2) as well as recommendations about
further work.

3.3

The Updated Database

3.3.1 Review of Existing Entries
The task here included a review and update of data in the COPI I database. This covered the
following activities:






Developing a library of source documents;
Provision of full references for all documents in the database;
Checking of data to identify and correct anomalies
Checking of data to ensure consistency of interpretation and presentation
Integration of data for forest values into main COPI database.
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This review led to a small number of entries being added or amended. The amendments
mainly relate to the reinterpretation of some entries to ensure correct definition of biomes and
ecosystem services.
Changes to the database are detailed in the following annexes:
Annex III: Case studies of forest regulating services
Annex IV: Carbon sequestration services from agriculture
Annex V: Economic valuation of carbon stocks.
Annex VI: Economic valuation of forest cultural services
One of the main sources of value, namely the value of carbon sequestered in different biomes,
has remained unaltered from COPI I. The basis of the COPI I figures was the value of
economic damages from additional releases of carbon as summarized in the recent EC-funded
study ‘CASES’4 (Cost Assessment for Sustainable Energy Systems). A summary of the
methodology used in CASES is provided in Annex V.
For forests, the studies under the consideration are the same as COPI I. The values reported in
COPI are anchored at a meta-analytical exercise involving 59 valuation studies for recreational
values and a somewhat lower number for cultural values. The difference relates to the valuetransfer techniques used for passive and recreational use values. In COPI I we applied different
methods, while in COPI II we used a common methodology for both passive and recreational
values. First some original studies have been selected according to the different latitudes in
Europe, and secondly the original estimates have been scaled up to the corresponding higher
geographical EU region and forest biome, but taking into account the effect of the size of the
forest area under valuation. The selection criteria used for the meta-analysis in the forest
context include the following:
(i) reliability of the study results (in terms of methodology used, sample size, data analysis);
(ii) focus on the forest biomes of interest;
(iii) focus on recreational use of forests and biodiversity conservation programs for passive
use; and
(iv) Willingness-To-Pay (WTP) estimates per household or per hectare (while the studies
estimating a WTP per visit have been excluded from the analysis).
In general, some of the values in the COPI 1 database (e.g. from Costanza et al, 1997; de
Groot, 1992) are now fairly old, but were retained where they remain relevant and useful,
updating them to current (2007) prices. The search to expand the database has focused on post
2000 values, but some pre-2000 values (e.g. Richer, 1995; Howard, 1995) have been included
for biomes, regions and services for which evidence is otherwise lacking or limited.
Overall, the review revealed that, while only a few problems were identified with regard to the
existing database entries, the relatively small size of the database and the number of usable
values within it raised issues when using these to identify more generalised values. This is a
particular concern where there are wide variations in estimated service values within biomes.
The review concluded that a major expansion of the database would help in interpreting the
4

http://www.feem-project.net/cases/
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values within it, and in enhancing confidence in our ability to be able to use these in the COPI
assessment. However, given wide variations in value estimates, the question of the
representativeness of different values and the methods used to extrapolate from them remains
an issue. Further discussion of this is given below.

3.3.2 Size and Scope of Updated Database
An updated version of the database is presented as Annex IX (in a separate file).
The new entries have significantly expanded the coverage of the database by region, biome and
ecosystem service. The database now includes a total of 570 entries, each of which includes
the value of an ecosystem service for a particular biome and region. These entries are drawn
from a total of 137 different reference sources, each of which yielded an average of just over 4
value estimates.
It should be noted that the category ‘All values’ included in the COPI databases represents the
overall set of usable and non usable values. The ‘usable values’ are effectively those which
relate to terrestrial biomes and are expressed on a per hectare basis. The ‘non usable values’
relates to non-terrestrial ecosystems – wetlands, coastal and marine habitats. These include, for
example, many entries for freshwater wetlands, coral reefs and mangroves. They also cover
values not expressed on a per hectare basis – for example values per household, site or region.
The table below summarises the coverage of the expanded database by geographic region.
Significant increases in coverage have been achieved for most regions, including North
America, Brazil, Australasia, China, Other Asia and Africa. Some notable gaps remain,
including Russia and Japan/Korea. As the search focused particularly on useable values, their
proportion over ‘all values’ (342/570=60%) has increased compared to the COPI 1 database
(61/187=33%).
In addition, 102 ‘non-useable’ values have also been added. These relate mostly to per hectare
values for non-terrestrial biomes (especially wetlands, mangroves and coral reefs) which
cannot currently be used in the COPI assessment but which are nevertheless potentially
valuable for future analysis. For example, the six ‘unusable’ values for climate regulation all
relate to non-terrestrial habitats such as wetlands which are not covered by the COPI model.
Table 1 Coverage of Database by Geographic Region
OECD Region
NAM
EUR
JPK
ANZ
BRA
RUS
SOA
CHN

Description
North America
OECD Europe
OECD Asia (Japan & Korea)
OECD Pacific (Australia & New
Zealand)
Brazil
Russia & Caucasus
South Asia (India+)
China Region

COPI I Database
Usable
All values
values
11
18
16
17
0
0

4

3
0
50
0

Expanded Database
Usable
All
Values
Values
54
39
64
40
0
0
15
14
22
19
0
0
58
7
67
47
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OECD Region
MEA
OAS
ECA
OLC
AFR
PLR
EUR/AFR/MEA

Description
Middle East
Other Asia
Eastern Europe & Central Asia
Other Latin America & Caribbean
Africa
Polar
Mediterranean region
Global
Total

COPI I Database
Usable
All values
values
1
1
0
0
11
38
3
12
0
0
15
48
61
187

Expanded Database
Usable
All
Values
Values
8
8
47
31
0
0
62
29
66
47
0
0
10
10
97
51
570
342

The table below summarises coverage by biome. It indicates that values have now been found
for Mediterranean shrub (22), savannah (5), and hot desert (1) biomes. Coverage has been
significantly increased for temperate and tropical forests and grassland/steppe. There are still
gaps for ice, tundra, boreal forest, cool coniferous forest and warm mixed forest, though for the
forests some of these are likely to be explained by definitional issues.
The increase in coverage by terrestrial biome is more marked than the increase by region or
service. This is because the review has focused especially on terrestrial biomes. Therefore,
while the COPI I database contained a large number of values for wetland and coastal habitats,
a relatively large proportion of the new entries are per hectare values for terrestrial biomes, and
therefore directly usable in the COPI assessment.
Table 2 Summary of Coverage by Biome
Code
7
8
9
10-13
14
15
16
17
18
19/20
21

Biome type
Ice
Tundra
Wooded tundra
Boreal/cool coniferous/temperate forest
Warm mixed forest*
Grassland and steppe
Hot desert
Scrubland
Savannah
Tropical forest/woodland
Mediterranean shrub
Total

COPI I Database
Usable
All values
values
0
0
0
11
12
0
19
21
0
11
11
0
20
20
0
61
64

Expanded Database
Usable
All
Values
Values
0
0
0
0
0
0
93
93
0
0
49
47
1
1
12
12
5
5
148
150
22
22
328
332

*Possibly under-recorded due to definitional problems

The table below summarises coverage by ecosystem service. This indicates that coverage has
been significantly expanded for most services, but remains highly variable, with largest
numbers of records for provisioning services, recreation, cultural values, biochemicals, climate
regulation, water purification and control of natural hazards.
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Table 3 Summary of Coverage by Ecosystem Service
Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

ESS short name
Food, fibre, fuel
Biochemicals, natural medicines,
pharmaceuticals
Ornamental resources
Fresh water
Air quality maintenance
Soil quality maintenance
Climate regulation (global)
Temperature regulation, precipitation
Water regulation
Erosion control
Water purification and waste management
Regulation of human diseases
Biological control and pollination
Natural hazards control / mitigation
Cultural diversity and values
Living comfort due to environmental
amenities
Recreation and ecotourism
Technology development from nature
(bionica)
Primary production, nutrient cycling, soil
formation
Total Economic Value
Total

COPI I Database
Usable
All values
values
9
38
8
12

1
2
1
6
6
4
9
3
1
5
1

0
5
2
1
8
0
10
4
13
0
4
18
16
2

2

23
0

3

4

61

25
185

Expanded Database
Usable
All values
Values
126
67
25
19
0
0
16
8
9
7
1
1
44
38
0
0
18
11
18
16
43
28
0
0
9
7
26
3
60
44
2
1
90
60
0
0
6
5
73
24
566
339

3.3.3 Content of Database Entries
The table below summarises the content of each database entry. This is largely the same as for
the COPI I database, with a few simplifications.
Table 4 Structure of the Valuation Database
Column heading
COPI Database reference
number
Author/reference

Content
#
Name (year)

Services covered

Description - note if single service or
aggregate

Used in COPI assessment
Units of value

Indication whether the figures have finally
been used for the assessment
e.g. US /ha

Economic Value

Value number

Value Range

Upper and lower limits, where given

Time coverage

annual or NPV

Annualisation factor

where relevant (e.g. NPV result given)
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Column heading

3.4

Content

Year of value

e.g. 1999

Inflator to 2007

e.g. 1.27

Value in euro/ha

Using euro exchange rate in year of value

Value in euro/ha at 2007 prices

Using euro inflator to 2007

Type of value

market price or WTP or etc

ESS reference

# from ESS table to allow sorting

Location

description and country

Location: geographic region

# region from Globio

Biome

# biome

Land use type
Notes

e.g. natural areas, forest managed
comments on context, transferability etc.

Added by
Full title

Name of person adding entry to database
NN

Key Methodological Issues

3.4.1 Types of Values
As noted above, focus in Task 1 was on terrestrial biomes and per hectare values, as these are
directly usable in the COPI assessment. Focusing on per hectare values excludes certain types
of values, such as:
 Estimates of total values of services for a particular location or region;
 Estimates of WTP per household;
 Recreational values which are often expressed as a value per visit.
These types of values were added to the database, though it is unclear how they would be used
in the COPI assessment. There is also a danger that adding many disparate types of values
would cause the database to lose its coherence.
There is still no shortage of material on per hectare terrestrial values to add to the database,
though searching through it takes time.
The majority of entries in the database are expressed in terms of an annual value per hectare.
However, there are also a small number of capitalised values, particularly where service flows
are uneven over time. The annual values are more easily comparable, given the variety of
discount rates and estimation periods used in different net present value estimates.
3.4.2 Gross and Net Values
The database contains a variety of net and gross estimates of ecosystem service values,
depending on the methodology adopted in the source studies. Particularly for provisioning
services, estimates of service values should ideally be made in net terms, deducting the costs
incurred in accessing the service in question in order to provide estimates of net rent.
However, several of the source documents present estimates of gross output, or do not make it
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clear whether the values are presented in net or gross terms. This may explain part of the
variation in service values. This is less of a problem when estimating the value of services
provided by natural areas (which by definition involve limited external inputs), but becomes
more important as land is managed more intensively and with more external inputs.
The distinction between gross and net values is also important where purchased inputs are used
to substitute for the loss of ecosystem services. For example, artificial fertilisers may be used
in intensive agricultural systems to compensate for reductions in soil nutrients. Clearly the cost
of these purchased inputs needs to be taken into account when assessing the value of
provisioning services.
For some biomes and ESS it was possible to identify strictly the net values. For instance the
analysis of forest biomes estimated the net values for each of the key ecosystem services. For
provisioning of wood forest products, estimates of net rent have been applied. The cultural and
carbon values can also be considered as net values. However, for most biomes and ESS, given
the relatively limited numbers of available data points, a decision was made to include both
gross and net estimates in the database. Therefore care needs to be taken when interpreting
values which may have been estimated using different methods. This is particularly important
when examining changes in service delivery resulting from land use change.

3.4.3 Conversion to 2007 Euro Values and income adjustment
All value estimates were converted into Euros, at 2007 prices, for ease of comparison and
analysis.
The economic value estimates derived from the source documents were converted into Euros
by taking the average annual exchange rate of the reference year into account. Where the
average annual exchange rate was not available, the official exchange rate of 31 December of
the reference year was used. These economic values were then inflated to 2007 values, using
the historical consumer price index of the euro-zone.
Most valuation studies provided explicit information on the reference year of the economic
value. However, in cases where the reference year of the estimate was not explicitly stated (as
was the case in some meta studies), the year of publication of the study was taken as the
reference year.
The values in the database are derived from studies in different parts of the world, each with
different levels of income, which affects willingness to pay for environmental services. This
can hinder comparison of different values. The income adjustment issue is described in more
detail in Chapter 4.

3.4.4 Location Specific and Representative Values
The COPI I exercise used the database to identify global values for ecosystem services that
could then be applied to assess the effects of biodiversity change globally. For such an
assessment to be robust and meaningful, it is important that the values chosen are as
representative as possible of the services delivered by each biome globally. However, it is
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clear from the database that there are wide variations in the estimated values of services within
biomes. These reflect variations in local biophysical and economic conditions. For example,
ecosystem service values are likely to vary according to:
 The quality and uniqueness of the site being assessed;
 The location of the site relative to human populations, property, water supplies,
fisheries, agricultural land and other resources;
 Local variations in ability and willingness to pay for environmental assets and services.
As a result it should be noted that:
 Not every hectare of every biome can be expected to deliver each ecosystem service in a
way that benefits people. For example, flood protection services are likely to be highly
location specific and only of value to people in places where people and property are at
risk of flooding;
 The value of the service may vary greatly from one location to another. For example,
sites which are highly accessible to people are likely to have much higher values for
non-timber forest products and recreation than inaccessible ones.
 We might expect many studies of ecosystem services to focus on special, interesting or
important sites which are not necessarily representative of the population of sites as a
whole.
To reflect this, it is important that the values chosen are as representative of the biome as a
whole and are not biased by evidence from a small number of special, atypical sites. Use of
simple arithmetic means, based on a small number of data points, may have a significant risk of
bias. However, from a small number of data points it may be difficult to assess the
representativeness of the available values.
The COPI I analysis addressed this problem by excluding or adjusting certain values deemed to
be unrepresentative of the biome as a whole. A similar approach has been taken in the current
study. This has been achieved by excluding outliers from the summary means where the risk
that they bias the results is considered high. Where this has been done, it has significantly
reduced the estimated mean values in the summary tables. This is considered a more
conservative and defensible approach than allowing very large values that refer only to
particular sites to bias the mean.
It is clear that, as a result of this issue, expanding the size of the database to provide a
sufficiently large sample of values is unlikely in itself to be sufficient to enable the estimation
of representative, transferable values. This is because of the likelihood that the population of
studied sites will not be representative of the population of sites as a whole. Instead, there is a
need to exercise judgement in identifying representative values, stratifying the sample where
appropriate.
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3.4.5 Avoiding Double Counting
When aggregating estimates of ecosystem service value, it is important that the analysis avoids
the risk of double counting. This may occur where two or more ecosystem services are interrelated, and the delivery of one supports the delivery of another.
Supporting services (such as primary production, nutrient cycling and soil formation) are of
particular concern in this respect, since they do not directly influence human welfare but
instead support the delivery of other provisioning, regulating and/or cultural services. Some of
the studies reviewed estimate values for some of these supporting services. These need to be
treated with care, and not aggregated with other services.
The problem is not limited to supporting services, however, and may also apply to regulating
services. For example, the benefits of services such as soil quality maintenance, water
purification and erosion control may be reflected in the value of other services, especially
provisioning services such as food production. Care has been made not to aggregate services
that are inter-related in this way.
3.5

Review of Ecosystem Service Values

The table below presents a summary of ecosystem service values from the database. Mean
values are presented for each biome and service. For each entry the number of values on which
this mean is based is given in [square brackets]. The range of values in the database is then
presented in (brackets).
The review revealed a wide variation in the estimated value of some services within certain
biomes, with some outlying values that appeared to reflect exceptional local circumstances and
to deviate from the majority of other values. Where inclusion of these outliers would bias the
mean such that it was unrepresentative of the biome as a whole, they were excluded.
The review demonstrates that, even after major efforts to enlarge it, the database contains
relatively few values for many biomes and services. While for some biomes the available data
suggest that estimated service values from different studies are relatively consistent, for others
a paucity of data or wide variations in the few values available raise questions about the
representativeness of the available estimates. It should be noted that ecosystem values can be
expected to vary widely by location, reflecting differing local circumstances, and that this
means that mean values should be used only with great caution.
The data in the table below should therefore be viewed as a summary of the values contained in
the database, rather than as an attempt to present a set of values on which the COPI analysis
should be based. Future COPI assessment needs therefore to examine ecosystem service
values on a case-by-case basis, making reference to the database as a whole rather than relying
on simple mean estimates. Care is needed in interpreting and using the data, making efforts to
understand the context of individual estimates of value and to identify representative values
that can be used as the basis for the benefits transfer. In general mean values which are based
on larger number numbers of individual estimates are more likely to be representative of the
wider biome; however even these may be sensitive to the treatment of particularly large
outlying values.
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Table 5 Summary of Ecosystem Service Values from the Database (2007 €/ha)***
ESS
Ref
1
2
4
5
6
7
9
10
11
13
14
15
17

19

20

Ecosystem
Service
Food, fibre and
fuel
Biochemicals,
natural medicines,
pharmaceuticals
Fresh water

GDP
adjusted?

Air quality
Soil quality
Climate regulation
(global)
Water regulation
Erosion control
Water purification
and
waste
treatment
Biological control
and pollination
Natural
hazards
protection
Cultural diversity
and values
Recreation
and
ecotourism
Primary
production,
nutrient
cycling,
soil formation
Total
economic
value

Grassland

Scrubland

No

49.9 [6]
(27.8 to 84.0)

No

0 [1]

Yes

358.7 [1]**

Yes
Yes

358.7 [1]**

793[1]**

No

88.0 [5]
(0 to 237)

347 [1]**

Yes

2.4 [1]

Yes

33.8 [2]
(23.6 to 874*)

44.0 [1]

Yes

80.0 [3]
(11.4 to 587.3*)

838 [1]**

Yes

28.7 [2]
(27.5 to 29.9)

438 [2]**
(361-515)

Savannah

0.25 [2]
(0 to 488.7*)

254 [16]
(8.3 to 771)

0.22 [1]

35.7 [11]
(0 to 2394*)

9.9 [1]

7.6 [2]
(5.6 to 9.6)
8.9 [1]
5881 [1]**
896 [19]
(0 to 3920)
135 [7]
(1.4 to 3061*)
406 [6]
(9.4 to 2233)

964 [2]
(493 to 1435)
1569 [1]**
157 [6]
(31 to 277)
275 [2]**
(0.5 to 549)
7.7 [1]
(7.7 to 1,748*)

445 [10]
(0.04 to 8281*)

155 [5]
(0.04 to 587)

141 [2]
(103 to 179)
22.9 [3]
(7.1 to 50.3)
5.2 [1]
(5.2 to 1124*)

Temperate
Forest
226.5 [4]
(29 to 510)

2.39 [1]

Yes
Yes

Tropical Forest

0.11 [1]

Mediterranean
Shrub
180 [1]
(158 to 198)
5.97 [1]

8.4 [1]

16.7 [1]

4.79 [1]

125 [14]
(0 to 4906*)

1873 [6]
(1.3 to 5456)

20.3 [1]
27.5 [1]
(27.5 to 480*)

Yes

7.7 [5]
(0.3 to 17.9)

143.7 [18]
(0 to 16,058)

1140 [6]
(0.6 to 3347)

Yes

0.81 [1]

12.0 [1]
(12.0 to 1,104*)

82.3 [2]
(12.0 to 153)

No

800 [5]
(39 to 2940)

1976 [4]
(158 to 17,303*)

1328 [2]
(411 to 2244)

158.8 [1]
[57 to 207]

Key:
Each entry contains:
Mean Value [number of values on which mean is based]
(Range of values in database)
All values are in Euro per hectare per annum at 2007 prices; where stated in column 3 these have been adjusted to EU GDP levels to produce standardised, ‘EU’ equivalent
values
* Outlying values excluded from mean
** Representativeness of value across wider biome is debateable
*** The values identified should be seen as a summary of those in the database, and are not necessarily representative of the biome as a whole
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The Table below provides a comparison of the central values presented in the COPI I and
COPI II summary tables. It can be noted that these values are based on a much larger number
of reference values in the COPI II study. The mean values are sensitive to the inclusion of
extra values, and to the treatment of outliers in each case. The COPI II summary excludes
certain values from the mean which were included in the COPI I summary, on the grounds that
these are outlying, unrepresentative values that would bias the mean. In some cases the COPI I
summary table adjusted means downwards to reflect this.
The mean values for service delivery increase in some cases and decline in others. In general,
the table further emphasises the need to treat the summary results with caution, and to refer to
the individual reference values in the assessment. It is clear from this review that the
interpretation of the values and the treatment of outliers is of as much importance in the COPI
assessment as the underlying values themselves.

Table 6 Comparison of Central Values from COPI 1 and COPI 2 Summary Tables
ESS
Ref
1

Ecosystem Service
Food, fibre and fuel

2
4

Biochemicals, natural
pharmaceuticals
Fresh water

5

Air quality

6

Soil quality

7

Climate regulation (global)

9

Water regulation

10

Erosion control

11

Water purification
treatment

13

medicines,

and

Biological control and pollination

14

Natural hazards protection

15

Cultural diversity and values

17

19
20

waste

Recreation and ecotourism
Primary production, nutrient cycling,
soil formation
Total economic value

COPI
Study
I
II
I
II
I
II
I
II
I
II
I
II
I
II
I
II
I
II
I
II
I
II
I
II
I

Grassland

Scrubland

Savannah

Tropical
Forest

106 [3]
49.9 [6]
0 [1]
0 [1]
358.7 [1]**
358.7 [1]**

779 [2]
438 [2]**

2.39 [1]

793 [1]
793[1]**

0.22 [1]
-

36 [3]
88.0 [5]
2.4 [1]
2.4 [1]
23 [3]
33.8 [2]*
240 [3]
80.0 [3]*

347 [1]
347 [1]**

-

44 [1]
44.0 [1]
838 [1]

406 [6]
104 [1]
445 [10]*

838 [1]**

57 [2]
28.7 [2]

0.25 [2]*

112 [1]#
5.2 [1]*

254 [16]
514 [5]
35.7 [11]*
9.6 [1]
7.6 [2]
8.9 [1]
1176 [1#]
5881 [1]**
896 [19]
503/1356 [3]
135 [7]*

0.11 [1]

Temperate
Forest
14-246
226.5 [4]
3 [2]
9.9 [1]
964 [2]
1569 [1]**

240-542
157 [6]
344 [3]
275 [2]**
7.7 [1]*
104 [1]
155 [5]

Mediterranean
Shrub
180 [1]
5.97 [1]
-

8.4 [1]

16.7 [1]

5 [1]
4.79 [1]

141 [2]
6 [1]
22.9 [3]
8 [2]#
125 [14]*
91 [1]

12-99
1873 [6]
1.3 [1]

20.3 [1]

II

7.7 [5]

143.7 [18]

1140 [6]

27.5 [1]*

I
II
I
II

0.81 [1]
800 [5]

1116 [2]
12.0 [1]*
1976 [4]*

12 [1]
82.3 [2]
1328 [2]

158.8 [1]

-

-

Key:
Each entry contains:
Mean Value [number of values on which mean is based]
All values are in Euro per hectare per annum at 2007 prices
* Outlying values excluded from mean
** Representativeness of value across wider biome is debateable
*** The values identified should be seen as a summary of those in the database, and are not necessarily representative of the biome as a whole
# Mean has been adjusted downwards
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3.6

Use of Reference Values in the COPI Analysis

The database of reference values formed only part of the evidence base on which the COPI I
assessment was based.
FEEM provided a separate analysis of provisioning services, carbon sequestration, recreation
and passive use values, using a benefits transfer approach to estimate these across all forest
biomes and geographical regions. This enabled values to be estimated even for biomes such as
boreal forest for which little economic valuation evidence was available.
The reference values from the database were therefore used in COPI I mainly to estimate the
value of regulating services for forests, and all services for other biomes. Given the number of
gaps in the COPI I database of reference values, it was necessary to make a number of
assumptions to estimate appropriate multipliers to estimate values for all biomes, services and
regions.
A similar approach will be needed in any further COPI assessment, given that even the much
expanded database of reference values still contains numerous gaps, as well as containing
certain values whose wider transferability can be questioned. The expanded reference database
contains a much wider set of values on which to base the modelling work, to compare with
estimates made in the COPI I benefits transfer exercise, and to inform future benefits transfer
work.
3.7

Effects of Land Use Change on Ecosystem Service Values

As part of the review we sought to gather evidence of the effects of changes in land use on the
value of ecosystem services within biomes. In general, we found that evidence in this area is
patchy, making it impossible to undertake a comprehensive assessment across biomes and
ecosystem services at this stage. However, the review did incorporate several studies
presenting ecosystem service values for both natural areas and human induced land uses.
Balmford et al (2002) reviewed evidence of the value of ecosystem services provided by
biomes before and after conversion to alternative uses. Their review searched for matched
estimates of the value of goods and services delivered by the biome when relatively intact, and
following modification for human use. A review of more than 300 case studies revealed only
five that met the required criteria (see table below).

Table 7 Impact of Land Use Change on Ecosystem Service Values
Example and
Description
Reference
Tropical
Forest, High intensity, unsustainable logging
Selangor, Malaysia
increases private benefits of timber supply but
Kumari (1994)
reduces non forest timber products, flood
protection, carbon stocks and endangered
species.
Tropical
Forest, Conversion of forest to agriculture increases
Mount Cameroon, private benefits (food and timber) compared
Cameroon
to sustainable forestry, but these are
Yaron (2001)
outweighed by loss of social benefits (non
timber forest products, sedimentation control,
flood prevention, carbon storage, option,
bequest and existence values). Conversion to
oil palm and rubber plantations yields
negative private benefits after allowing for
market distortions.
Mangrove,
Surat Conversion of mangrove to aquaculture yields
Thani, Thailand
short term private benefits, but these are offset
Sathiratai (1998)
by increased external costs.
Carbon
sequestration benefits were found to be
similar, but there is a near total loss of timber,
charcoal, non timber forest products, offshore
fisheries and storm protection.
Wetland, Canada
Draining freshwater marshes in agriculturally
Van Vuuren and productive area yields private benefits,
Roy (1993)
inflated by drainage subsidies, but these are
offset by lost social benefits of hunting and
angling.
Coral
reef, Destructive techniques such as blast fishing
Philippines
generate lower NPV of private benefits than
White, Vogt and sustainable fishing methods, as well as
Arin (2000)
reducing social benefits of coastal protection
and tourism.

Total Economic Value
of Services (NPV/ha)
Low impact logging $13,000
High intensity logging $11,200/ha
Sustainable forestry $2570
Small scale agriculture $2110
Palm/rubber - $negative

Intact
mangroves
$60,400
Shrimp farming - $16,700

Intact marshes - $8,800
Agriculture - $3,700

Sustainable fishing $3,300
Destructive fishing - $870

Source: Balmford et al, 2002

The Balmford et al review found that in all cases the lost social benefits of conversion
exceeded any private benefits, with an overall average loss of total economic value of 55 per
cent across four biomes.
A report by the Secretariat of the Convention on Biological Diversity (2001) presents a review
of a variety of studies that compare the economic returns from forests before and after
modification or conversion by people. It finds examples both where forest conversion is
estimated to yield net benefits, and where the loss of services exceeds the benefits of
conversion. However, many of the studies focus on provisioning services and do not appear to
take account of the full range of ecosystem services provided by forests. The report concludes
that a major cause of forest loss is that markets do not capture many of the benefits provided by
natural forests.
A study by Tianhong et al (2008) examines the effects of land use change on ecosystem service
values in Shenzhen, China. The study employs a benefits transfer approach to estimate
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ecosystem service values and combines this with the expert judgment of 200 ecologists to
assess the relative value of different services provided by different land uses (woodland,
grassland, orchard, cropland, wetland, water body, unused land, built up land). The total
ecosystem service value of grassland and cropland is estimated at only one third that of
woodland. The loss of woodland and wetland, as a result of urbanization, led to an estimated 8
per cent loss of total ecosystem service values between 1996 and 2004.
Other studies were found that gave some examples of changes in ecosystem service values
following land use change. However, in general these gave only partial estimates of changes in
service value, and did not consider a broad enough range of ecosystem services to enable an
overall comparison to be made.
3.8

Gaps, limitations and future needs

The database still holds no (or very few) entries for:
 Japan/Korea
 Russia/Caucasus
 Eastern Europe and Central Asia
 Polar regions.
Expanded coverage would be beneficial for most regions, since even in those regions with
relatively large numbers of entries, the large number of biome and ecosystem service
combinations mean that gaps in the evidence base remain widespread.
There are no (or very few) entries for the following biomes:
 Ice
 Tundra
 Boreal forest
 Cool coniferous forest
 Warm mixed forest
Some of these gaps are likely to be explained by problems of definition. For example, it is
possible that some values assigned to temperate or tropical forests could refer to other forest
types.
There are still very few values for savannah and hot desert. This is in spite of extensive
searching and suggests that there is a real lack of evidence for these biomes.
Some ecosystem services are also missing from the database:
 Ornamental resources
 Temperature regulation
 Regulation of human diseases
 Technology development from nature.
It is likely that this lack of coverage reflects the minor importance or specialist nature of these
services. However, others such as regulation of air quality and soil quality may be more
important yet have few entries in the database.

35

3.9

Implications of Updating the Database for the COPI Assessment

The analysis above suggests that a number of changes could be made to the values used in the
COPI assessment, based on the expanded database of values. This section provides a
commentary on the implications of these new values for the COPI assessment. The changes in
values that might be applied to each of the biomes and services affected are discussed. A more
detailed comparison of values is given in Annex II.
The changes in values for each biome are as follows:
•

Savannah - No original values were used in the COPI I assessment. Figures have been
found for provisioning and biochemicals (assumed to be zero in COPI I) and cultural
values (transferred from other biomes in COPI I). The overall effect of these changes
would be to have a small negative effect on the COPI values relative to the ‘high’
estimate in COPI I and a very marginal increase relative to the ‘low’ estimate (which
was zero).

•

Grassland – new values have been found for provisioning services,
climate, erosion control and water purification, cultural
recreation/ecotourism. The overall effect of including these would
reduction in the overall estimated service values for the biome relative
‘high’ estimate but a significant increase relative to the ‘low’ estimate.

•

Scrubland - the updated database includes new figures for provisioning services and
cultural values. Adjustments are proposed to the COPI I figures for air quality
regulation and water purification/waste treatment. The overall effect of these changes
would be to reduce the values used in the assessment substantially, relative to both the
‘low’ and ‘high’ values used in COPI I.

•

Mediterranean Shrub - There were no values in the COPI I database so all estimates
used in the assessment were based on assumptions and transfers. New figures for
provisioning,
biochemicals,
water
purification,
cultural
values
and
recreation/ecotourism have been identified. The overall effect of incorporating these
changes would be to reduce the estimated total service value relative to the ‘high’ value
estimate assumed in COPI I, but to increase it relative to the zero value assumed in the
‘low’ estimation scenario.

•

Tropical Forest - The updated database contains new values for provisioning services,
biochemicals, fresh water, air quality maintenance, climate regulation, water regulation,
erosion control, water purification/waste treatment, biological control/pollination,
natural hazard control, cultural diversity, recreation and ecotourism. Some of these are
higher and some lower than the COPI I estimates. In addition it is proposed to remove
previously used figures for soil quality maintenance and primary production, to avoid
double counting with other services. The overall effect of making the above changes
would be to marginally increase estimates of total service value relative to the ‘low’
estimate used in COPI I, but to reduce them significantly relative to the ‘high’ estimate.

•

Temperate Forest – the updated database includes new figures for water regulation and
water purification/waste treatment. It is proposed to remove the previously used figure

biochemicals,
values and
be a modest
to the COPI I
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for soil quality maintenance, to avoid double counting. The overall effect of making
these changes would be a substantial reduction in the ‘high’ estimates used in COPI I,
but a significant increase in the ‘low’ estimates.
3.9.1 Effects on Total Service Values
The overall effect of these changes – when appropriate transfers are made to other biomes –
would be to reduce the estimated value of services delivered by natural areas in each biome by
between 13% and 74% relative to the COPI I ‘high’ estimates. The changes relative to the
‘low’ estimates used in COPI 1 would mixed – there would be substantial increases for some
biomes but a reduction for scrubland.
The main contributors to the changes relative to the COPI I ‘high’ estimates would be
reductions in the previously very large estimates of service values for air quality maintenance
and soil quality maintenance. The increase relative to the ‘low’ estimates of service value in
COPI I would result from the inclusion of values where none were previously available – the
‘high’ estimates were based on transfers of values in these circumstances. The lower value for
scrubland is because the COPI I estimate was based on some high estimates specific to this
biome (and hence included in the ‘low’ estimation).
The overall net effect of making these changes would be to reduce the ‘high’ estimates in COPI
I significantly, but to increase the estimated changes in service value relative to the ‘low’
estimates (Table below).
Table 8: Effects on Total Service Values
Biome

Boreal forest
Savannah
Grassland and steppe
Tropical forest
Tropical woodland
Tundra
Scrubland
Warm mixed forest
Temperate mixed forest
Cool coniferous forest
Wooded tundra
Temperate deciduous forest
Mediterranean shrub

Value (Natural Areas, Euro/ha/yr)
Previous Estimates: Revised Estimate
Low
High
515
4134
1511
0
2644
444
401
1507
1317
2412
6311
2589
0
3695
2439
0
0
0
2357
2808
728
623
5088
2274
879
4411
1841
282
4094
1472
0
0
0
785
4420
1851
0
2121
483

% Change relative to:
Low

High
194%
∞
228%
7%
∞
∞
-69%
265%
109%
422%
∞
136%
∞

-63%
-83%
-13%
-59%
-34%
0%
-74%
-55%
-58%
-64%
0%
-58%
-77%

It should be noted that the value estimates used are highly sensitive to the treatment of outlying
values. The exclusion of some particularly high estimates depresses the mean. A more
conservative approach has been taken to the estimation of values than in TEEB D0, with a
consequence that the mean values identified are significantly lower. It should be noted, for
example, that the TEEB D0 estimates for tropical forests are similar to the ‘high’ estimates
used in COPI 1. Ultimately, it is difficult to determine the correct and representative values to
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be used in an exercise such as this without a detailed mapping of the characteristics of the
biomes as a whole.

3.10 Overall Conclusions from Task 1
Our overall conclusions from Task 1 are that:
 The reviewers have been able to expand the coverage of the COPI database
significantly. This should improve its fitness for purpose for the COPI assessment. The
increase in the number of values should ensure that these are more representative and
that are fewer gaps – and less need for assumptions and benefits transfer to fill them.
 In spite of substantial efforts to expand it, the database remains relatively small
compared to the number of possible biome/region/ecosystem service combinations;
 The database is far from being complete (and will never be complete). While there are
diminishing returns to searching, the experience of the reviewers suggests that there
remain further studies which could be included if more time and budget were available;
 The coverage of the database by biome, region and service is uneven. This reflects
uneven coverage in the literature – certain biomes, regions and services are studied more
than others;
 To a large extent the unevenness of coverage in the literature reflects differences in the
economic significance of biomes, regions and services. For example, it is clear that the
services provided by tropical forests are more valuable than those of rock, desert and
tundra, and therefore more studied;
 However, there may be other factors (e.g. scientific, cultural and political factors) that
mean that some biomes, regions and services are studied more than others. There are
undoubtedly some regions and biomes (e.g. Russia, boreal forest) that would benefit
from more attention;
 Evidence about the value of changes in service delivery resulting from land use change
is patchy, and further evidence would be beneficial to inform the COPI assessment.
 The overall effect of the expansion of the database – when appropriate transfers were
made to other biomes – has been to reduce the ‘high’ estimates in COPI I significantly,
but to increase the estimated changes in service value relative to the ‘low’ estimates.
The main contributors to the changes relative to the COPI I ‘high’ estimates were
reductions in the previously very large estimates of service values for air quality
maintenance and soil quality maintenance. The increase relative to the ‘low’ estimates
of service value in COPI I instead resulted from the inclusion of values where none were
previously available.

 The value estimates used are highly sensitive to the treatment of outlying values. The
exclusion of some particularly high estimates depresses the mean in COPI II. It should
be noted that a more conservative approach has been taken to the estimation of values
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than in TEEB D0, with a consequence that the mean values identified are significantly
lower. Ultimately, it is difficult to determine the correct and representative values to be
used in an exercise such as this without a detailed mapping of the characteristics of the
biomes as a whole.
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4

4.1

TASK 2: SENSITIVITY ANALYSIS OF BENEFIT TRANSFER

Introduction

Benefits transfer is a pragmatic way of dealing with information gaps and resource (time and
money) constraints. The underlying thinking is that there might be sufficient commonalities
between different areas (biomes and different land uses within biomes) and the ecosystem
services provided to allow insights from one area to be transferred to another.
Naturally, the suitability for using a benefits transfer technique needs to be carefully
considered. In this context it is important to assess both the ecological and socio-economic
similarities of the two areas. For example, it could be possible to use insights from existing
studies to estimate the value of a particular biome in regulating air quality. It has been
statistically shown that the relationship between exposure to air pollution and incidence of
illness is generally similar across peoples across the world. The dose-response relationship
established in one country can therefore be applied with some confidence in another country.
The main local specific differences that need to be considered include: level of air quality (i.e.
how polluted the air is locally), number of people benefiting from air quality (e.g. pollution
density, proximity and visitors), and the value of good air quality to the public / society in
question (e.g. avoided illness, reduced hospitalisation costs, loss of work output and eventual
loss of life expectancy / early mortality). Some of these location specific factors can be
addressed relatively easily, e.g. allowing a quantitative assessment of the number of avoided
cases of illness and early mortality. As regard economic estimates, an accepted benefits
transfer approach between countries has been, for example, to weight willingness to pay
estimates by the relative GDP per capita. Similarly, people’s estimated willingness to pay for
the protection of a particular animal (e.g. charismatic species such as gorilla, panda or whale)
can be transferred between countries also by weighting the new estimate for relative wealth.
When assessing the economic value of ecosystem services an important issue to bear in mind is
the risk of double counting. In short, a biome offers a range of services, some of which are
closely related, e.g. maintaining pollination (a regulating service) leads to greater provision of
food. Thus, when both of these services are included in a monetary assessment there is a risk
that the same benefit be counted twice. The double counting principle is also the reason why
supporting services (i.e. the key ecosystem functions forming basis for all other ecosystem
services) should not be included in developing aggregate estimates for monetary value of a
biome.
In practice, however, there are often difficulties in obtaining estimates for the monetary value
of ecosystem services (e.g. for several regulating services). Therefore, even though caution
towards double counting is advised it is rather unlikely for any monetary estimation to
overstate the benefits provided by biodiversity.
It is also to be noted that the provisioning of one ecosystem service may have a negative
impact on another (such that they may be inversely related). For example, forests are valuable
carbon stores and they can also have value as providing timber or fuel wood. The latter,
however, diminishes the value of the former. Careful consideration of the inter-linkages
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between different services and their changes over time is therefore needed when assessing the
overall value of benefits provided different biomes and landuses.
4.2

Task 2 of COPI II and its links to the COPI I study

Task 2 aims to further develop the monetary figures used in the COPI study by examining the
transfer of the initial figures used in the study to other sites. This chapter therefore aims to
make clear what the key uncertainties and assumptions are involved in the benefit transfer done
within the matrix of values, as well as to develop a better overall estimate of the economic and
monetary consequences of biodiversity loss and the associated changes in the spectrum of
ecosystem services.
To produce a worldwide economic value of the loss of biodiversity, the COPI spreadsheet was
developed with as its basis the IMAGE-GLOBIO ecological data (see Braat & Ten Brink,
2008, chapters 4,5 and 6) and economic data from a relatively small number of valuation case
studies (see Chapter 3 of this report). Considerable use was made of techniques for ‘filling
cells’ with numerical values for physical dimensions of ecosystem services and of so called
‘benefit transfer’ transfer techniques to fill gaps.
The message from the COPI analysis was strong5 (see list of COPI /TEEB presentations since
the publication in May 2008). There was however a wish to revisit the spreadsheet model, as
new case studies were published, new substantiation of some of the modelling assumption
became available and the TEEB process went into Phase II.
As part of the effort to improve the model for further use, the model was examined with respect
to the meaning of the ‘filling’ and ‘benefit transfer’ techniques for the aggregated outcome in
terms of a Global Cost of Policy Inaction. This chapter therefore presents:
 A step by step description and critical evaluation of the essential data, gap filling and
benefit transfer and calculations in the original COPI I spreadsheet model.
 A sensitivity analysis of some of the crucial elements in the model and an outline of
how to better use the (old and new) values identified under Task 1 above for future
assessments.
The calculation procedure in which known benefits in specific situations are applied to other,
similar situations (‘spatial cells’) is called Benefit Transfer in the economic literature. This
calculation can be performed at different levels of spatial-detail, with different specific
ecologic and economic properties. An examination of these properties, and the representativity
of the case studies from COPI I, can shed light on the validity and sensitivity of the used
Benefit Transfer calculation. With these insights, proposals on improvements for the COPIcalculation procedure can be given.

5

The COPI values, and the underlying ecological issues, were integrated into the TEEB Phase 1 report and also
given due prominence in a range of presentations on the TEEB carried out at Bonn at the COP9 and
subsequently (e.g. Enveco meeting in Brussels (June 08), Royal Society, London (June 08), German Nature
Protection Day, Karlsruhe (Sept. 08), London (Sept.08) and Prague (Sept. 08)).
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Types of cost in a Cost of Policy Inaction analysis. It is important for understanding the
COPI assessment, to appreciate that the COPI costs are actually a mixture of cost types (Ch 6
of COPI I study):
 actual costs,
 income foregone (e.g. lost food production),
 stated welfare costs (e.g. building on willingness to pay (WTP) estimation
approaches).
 Some directly translate into money terms that would filter directly into GDP (gross
domestic product);
 some would have an effect indirectly,
 others would not be picked up by GDP statistics (which themselves are only economic
statistics and not fully representative of welfare or wellbeing).
The combined COPI costs should be seen as welfare costs, and for the sake of ease of
comparison have been given as percentages of GDP in the COPI analysis.

4.3

Task 2 Methodology

4.3.1 Approach in Task 2
A full technical sensitivity analysis of the implication of gap filling and benefit transfer implies
the examination of this in the light of the consequences of:
o Better information about
 the physical conditions, e.g. via more detailed ecological categories in the model
 quality of the ecosystems in terms of actual biodiversity measures, and
 the socio-economic
preferences).

conditions

(income

levels,

cultural

aspects,

consumer

o Taking into account
 areas where the potential of ecosystems to provide services is not used and thus
benefits are forfeited, and
 alternatives have been developed for these products and services, either through use of
technology and fossil fuel energy, trade or through alternative use of the ecosystems
(see also Task 3).
Transferring results from one area to another (gap-filling and benefit transfer) and ‘grossing
up’ to develop regional or global totals present a range of evaluation challenges. Different
types of transfer / filling the matrix can be distinguished:
 Transfer of ‘quality indicator’ value per land use type
 Transfer of ecosystem services data (physical units)
 Transfer of monetary values of ecosystem services or biodiversity (monetary units)
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In the COPI study five types of benefits transfer were used:
(a)

Benefits transfer between sites – Because it is clearly impossible to estimate values
for all sites globally, the COPI assessment relies on identification of average per
hectare values for each biome and service obtained from the literature and the
application of these to estimate global service values;

(b)

‘Benefits transfer’ across land-uses within a biome (e.g. from natural areas to other
uses) - In most cases the COPI I database contained values for only one land use
(typically natural areas) and therefore applied a transfer function to assess changes in
value resulting from land use change;

(c)

‘Benefits transfer’ across biome (e.g. relationship of carbon storage from one forest
to another, or forest to grassland etc) - Because evidence in COPI 1 was restricted to
certain biomes, it was necessary to transfer certain estimates of service value from
one biome to another;

(d)

Geographic benefits transfer – Because of the limited number of data points, COPI
I was not able to identify original data points for individual regions. Instead, a global
average was estimated and transferred across regions making GDP adjustments as
applicable; and

(e)

Time benefits transfer – Changes in future value were estimated by making
appropriate adjustments for GDP growth over time.

These are now looked at again from a point of view of clarifying the sensitivities and
uncertainties, offering clarity on assumptions and their substantiation and additional
documentation; testing by checking the aggregate consequences of small changes in the
transfer procedure with the explicit goal to improve the model for future use; clarifying the
difference between the transfer of the actual ‘economic value’ of a service, and the transfer of
the potential ‘service delivery’. The focus is on benefits transfer across land-uses and biomes
and geographic areas, with less emphasis on transfers across time – the latter considered a
highly debatable issue by the Commission as well as the project team. Discount rates instead
are not part of this analysis. Attention was given to the issue of scaling up – i.e. the scaling up
and aggregating values estimated from small marginal changes to assess the effects of large
changes.
Although it will be possible to see how new numbers will affect the model, this was considered
more a TEEB issue than COPI. Therefore, although it could be explored informally, it will not
be covered in the present study.
Ecological and economic tracks of analysis. Several biological and physical properties of
each examined spatial unit (cell) define the so-called ‘ecological profile’, and together
determine the potential for delivered ecosystem services.
 Biome / Ecosystem type (function of climate and soil)
 Environmental pressures (a range of known pressures, including land-use as most
prominent for biodiversity)
 Degree of ecosystem degradation from pressures
 Biodiversity (as a underlying requirement or mechanism for delivered ecosystem
services)
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Delivered goods and services receive an actual monetary value when the right socio-economic
properties are in place, described in a ‘socio-economic profile’:
 Income, production, employment
 Consumer population
 Production sectors
The ecological dimension - to assess ‘ecological appropriateness of the transfers’. This applies
to land-use type to land use type gap filling / benefit transfer within a biome and also of biome
to biome benefits transfer for a given service.
The economic dimension - to assess ‘the economic appropriateness of the transfers’. This is
an important aspect of geographic benefits transfer and benefits transfer/extrapolation into the
future (which will not be examined further in this study).

4.3.2 The theory of ‘filling’ and benefits transfer
Increased policy use of environmental valuation estimates raises the need for more original
studies of environmental goods and the health effects from air, water and soil pollution, and
also improved techniques for transferring valuation estimates from one geographical area and
context to another area and context. Increased demand for biodiversity values and restricted
time and money to do new, original valuation studies, have paved the way for benefit transfer.
The only reason to distinguish between ‘gap filling’ techniques (or data-extrapolation) and
‘benefit transfer’ methods is a practical one. Benefit transfer is an established concept with a
broad literature discussing methods and merits, mostly in environmental economics and more
recently in the biodiversity valuation field.
Gap filling. In the COPI I study a world-wide coverage of land use and biodiversity data was
available from Global Land Cover 2000 and from the IMAGE – GLOBIO model. To produce
ecosystem service data (in physical units, reflecting the particular services) a set of
transformation algorithms was developed by the authors, based on ecological theory and case
study data. These generic algorithms (multipliers for ESS across land in the COPI spreadsheet)
were then applied across the COPI spreadsheet which was in its definition of the sheet
dimensions already a simplification of the original land use and biodiversity data resolution.
The combination of the algorithms (covering the world) and the monetary values from
literature cases for a limited number of locations on the world map, was a ‘filled’ spreadsheet.
Benefit transfer. Benefits transfer involves ‘borrowing’ an estimate of monetary value,
obtained with any of a number of valuation methods from one site (the study site), and
applying it to another (the policy site).
Several forms of benefit transfer exist, with different levels of complexity. Key approaches are
listed below:
1.

Transferring average WTP from a single study to another site which has no study. One
elementary procedure is to ‘borrow’ a monetary value estimate in context i (the study
site) and apply it to context j (the policy site). The estimate may be left unadjusted, or it
may be adjusted in some way. Transferring unadjusted estimates is clearly hazardous,
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although it is widely practiced. Reasons for differences in average monetary values
across sites include:
 Differences in the socio-economic characteristics of the relevant populations.
 Differences in the physical characteristics of the study and policy site.
 Difference in the proposed change in provision between the sites of the good to be
valued.
 Differences in the market conditions applying to the sites (for example variation in the
availability of substitutes)
2.

As a general rule, there is little evidence that the conditions for accepting unadjusted
value transfer hold in practice. The simple unit transfer approach is not fit for transfer
between countries with different income levels and standards of living. Therefore, unit
transfer with income adjustments has been applied, for example, by using Purchase
Power Parity (PPP) indexes. However, this adjustment does not correct for differences in
preferences, environmental conditions, and cultural and institutional conditions between
countries. Bateman et al., (1999) distinguish various forms of adjusted transfer,
including:
 Expert judgement, i.e. experts make a judgement about how the monetary value will
vary between the study site and the policy site.
 Re-analysis of existing study samples to identify sub-samples of data suitable for
transfer.

3.

Transferring benefit functions: A more sophisticated approach is to transfer the benefit
function from i and apply it to j. This approach is conceptually more appealing than
transferring unit values, because more information is effectively transferred. The benefit
relationship to be transferred from the study site(s) to the policy site could again be
estimated using either revealed preference approaches, like Travel Cost and Hedonic
Pricing methods, or stated preferences approaches, like the Contingent Valuation method
and Choice Experiments.
An alternative is to use meta-analysis to take the results from a number of studies and
analyse them in such a way that the variations in monetary values found in those studies
can be explained, i.e. permitting the estimation of cross study benefit functions applicable
to policy sites. To increase the applicability of meta-analysis for benefit transfer, one
could select studies that are as similar as possible with regards to methodology, and thus
single out the effects of site and population characteristics on the value estimates.

Testing for the validity of transferring benefit functions. The attraction of benefits transfer
is that it avoids costs and time. The essential problem with benefits transfer, however, is its
reliability. How can the transferred value be validated? Beside testing the approaches used to
conduct benefit transfer (e.g. testing the results of WTP before and after a project is
implemented; conducting meta-analysis on existing studies to test means estimates), the main
procedure for validation involves transferring a value and then carrying out a primary study at
the policy site as well.
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The testing of benefit function transfers requires that the regression coefficient estimates are
compared, and this involves selecting econometric tests (for details see Bateman et al., 1999).
The aim is to see if the coefficients in the benefit equation are the same at the two sites.
Conclusions. Ultimately, it may be possible to borrow unit values from a library of valuation
studies and apply them to new sites and issues. To date, however, the literature that tests for the
validity of benefits transfer is not that advanced. It seems clear that factors such as the quality
of the original studies may be very important in explaining why value estimates may differ. As
more and more validity studies are carried out, the nature of the factors explaining differences
in economic values across sites will become clearer. At the moment there appears to be no
substitute for high quality original studies.
Analysis of the COPI database of reference values (Section 3) reveals very wide variations in
the estimated value of services between sites. This makes benefits transfer problematic, raising
issues such as:
 How to deal with unusual or outlying values, which have a large influence on mean
per hectare values;
 How to relate the sample of values to the population of sites in the biome as a whole,
given relatively small sample sizes and the expectation that more interesting, valuable
or accessible sites are more likely to be studied.
 How to deal with the variable coverage of ecosystem services between studies. Where
particular services are not valued, should they be treated as having zero value or
simply as not having been estimated? Aggregation of mean values for each service
risks over-estimating total economic value, given that not all sites necessarily support
all services.
In general, we can be more confident about the transferability of values across the biome where
variations between studies are low. However, this is not the case for most biomes and services.
This suggests that, even where values are available for a particular service and biome, there are
methodological difficulties in identifying representative values to apply across the biome as a
whole. Further transfers across biomes and land uses present added challenges and potentially
compound the methodological differences faced.
4.4

Tracing the steps of the COPI I analysis for benefit transfers

In this section we trace the steps of the COPI analysis used for benefit transfers and add
documentation with some comments to illustrate the consequences of the steps taken for the
overall outcome and for improving the methods and model. A more general/qualitative
description of the overall methodology used in COPI was provided in Chapter 2 of this study.
This section analyses in more detail the methodology related to benefit transfers (step 3-5).
The COPI model is based on the premise that, for each conversion of one land-use to another,
there will be a change in biodiversity (species richness, species composition, abundance of
individuals in populations of animals, coverage of ground by plant species etc.) and in parallel
a change in the potential delivery of ecosystem services. A habitat in its natural, pre-exploited,
pre-converted state, has a certain set of services, and when converted, the balance changes –
e.g. from natural areas to extensive agriculture, there is an increase in the provision of food, but
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a decrease in the ecosystem services of climate regulation, soil protection and freshwater.
When the land is further converted or ‘improved’ to intensive agriculture, there can be a further
gain in provision of food, and further losses in other services (from Braat & Ten Brink, 2008).
When data on the numerical values of ESS were not available from the literature, values were
calculated through a gap filling exercise, which addressed gaps in ecosystem service values by
land uses and biomes (steps 3 and 4 below). ‘Conventional’ benefit transfer was also applied to
cover gaps across geographic areas and to project data in time (step 5).
4.4.1 Step 3: Gap Filling for ecosystem services values within a biome – across landuse
types
Generic graphical relationships. The valuation database provided values of ecosystem services
for a given landuse type within a particular biome (usually for ‘natural areas’ that were being
studied). The figure below is an illustration of these relationships.
 For regulating services (water, air, climate) there is a gradual fall of services as the area
is degraded.
 For recreation and tourism, generally values require a certain amount of accessibility and
infrastructure to have maximum wealth and fall as the quality of the resource falls as a
substitute is chosen - hence the values peak early, under light use.
 For other cultural services such as spiritual value it tends to fall as the resource is
degraded.
 For provisioning services, this is maximised in post conversion land use with the location
of the maximum depending on soil quality, market for the goods and also nature and
timescale of the analysis.
Figure 1 Relationship between Ecosystem service provision and land use types
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Relative factors for ESS value across land use types. On the basis of the assumption illustrated
above, which built on expert judgement, the team identified a series of relative factors for the
four group of services. The table below presents the relative factors for the four groups of
services.
Table 9 Relationship between ESS provision and land use types relative factors:
multipliers for gap-filling in COPI I analysis
natural areas
Pristine
(historic)

COPI
Category
General*

MSA

Natural

Cultivated and managed areas
Light
forest

Bare
natural

grazing
area

forest

woody
biofuels

Extensive
Ag

Intensiv
e Ag

Artificial
surfaces

managed

1

0.9

0.7

0.9

0.5

0.7

0.5

0.3

0.1

0.05

Importance
(gross)

-

*

**

*

***

**

***

****

*****

-

Index

0

0.2

0.5

0.05

0.7

0.5

0.7

0.8

1

0

Importance

*****

*****

****

*

***

****

***

***

*

*

Index=
F*(msa)

1

0.9

0.7

0.05

0.5

0.7

0.5

0.3

0.1

0.05

C1*:
Recreation

Importance

-

*****

*****

**

***

****

*

***

*

* (- to ***)

Index

0

1

1

0.5

0.6

0.8

0.15

0.5

0.1

0.1

C2*: Info
(spiritual,
education)

Importance

*****

*****

****

*

***

****

**

***

*

*

Index=
F*(msa)

1

0.9

0.7

0.5

0.5

0.7

0.2

0.3

0.1

0.05

P*:
Provisioning
R*:
Regulating

* These are broad relationships; for COPI valuation, where data exists that is more precise (eg for carbon
storage), this will be used. The numbers here are back-up ratios to help fill gaps
Source: COPI team: Mark van Oorschot (MNP) , P ten Brink (IEEP), Leon Braat (Alterra), Matt Rayment (GHK)

An example of how these factors were applied in practice for provisioning services in boreal
forests is provided in the table below. The violet cell identifies the original value found in the
literature, while the yellow cells represent the values transferred using the coefficients above.
Table 10 Examples of benefit transfer within a biome

Description area 2000
Boreal forest
natural areas
bare natural
forest managed
extensive
intensive
Cultivated and managed areas,
woody biofuels
Cultivated land, grazing area
Artificial surfaces and associated
areas

Region: EUR
2000 Area Total Across
Regions (hectares)
66565138
39581444
1652479
15949899
2472
1297899

Provisioning services
Food, fibre, fuel
70
0
246
281
351

3360
7980017

246
176

97567

0
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Key:
Original value
Gap filling within biome

4.4.2 Step 4: Gap Filling for ecosystem services across biomes
Where a broad similarity between services across biomes was establishable, the values from
one biome were transferred to another. The table below illustrates the principle and method
(including the 3 filling step). Two services – air quality maintenance mad soil quality
maintenance – are used as examples to illustrate the coefficient used for gap filling across
biomes (BT factors).
The transfer (filling) of the data to other biomes for the same land use type follows the
assumptions shown in Column 2 and 3 (Benefit Trasfer factor). I.e. in the case of air quality a
factor 2 was used for different forest areas, 1 for savanna, scrubland and mediterranean shrubs
and 0.1 for low vegetation such as grassland. These factors were based on expert insights on
ESS provision across biomes – these were pragmatic decisions to help fill gaps and need
review. More precise transfer function can be derived from air quality studies where the
deposition rates of air pollutants have been shown to be related to the height and density of the
vegetation.
Other services have more complicated filling algorithms, such as carbon sequestration and
water purifcation, where ecological knowledge is more extensive, and therefore more
distinctive between biomes, in cases where more independent studies are available.
Table 11 Data transfer (filling) examples: air quality and soil quality
Biome / Land use type
Boreal forest
Savannah
Grassland and steppe
Tropical forest
Tropical woodland
Scrubland
Warm mixed forest
Temperate mixed forest
Cool coniferous forest
Temperate deciduous forest
Mediterranean shrub

Air quality maintenance
BT factor
2
1
0.1
2
2
1
2
2
2
2
1

Soil quality maintenance
BT factor
1
0.778
0.778
1
1
0.333
1
1
1
1
0.333

See later discussions on relationship between service provision across biomes from the
improved information on the database. This underlines that having additional values had led to
a lesser need to use of gap filling (though still present) and some increased data on and
understanding of the relationships across biomes.
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4.4.3 Critical analysis of Steps 3 and 4:
Spatial detail and trade offs. With increasing spatial detail, information on ecological and
economic profiles (see COPI I report section 4.2.1) needs to get more specific. This then puts a
burden on the number and quality of the original case-studies as more and more representative
case-studies are required to cover the different ecological categories and economic dimensions
distinguished in the global system. Thus, several trade-offs are present within the benefittransfer approach:
1. a trade-off between coverage and the need for benefit transfer. When more cases are
included in the data/knowledge base, the coverage of the total number of spatial cells
increases, and the need for benefit transfer disappears.
2. a trade-off between increasing the spatial detail of the analysis, and the representativity of
case studies. With increasing spatial detail, case-studies generally become relatively more
specific, which reduces the coverage and increases the need and required complexity for
transfer methods.
COPI I implementation of Benefit Transfer. In the COPI I calculation system, a
straightforward Benefit Transfer procedure was used, as a first approximation to the problem of
global world ecosystem value assessment. It consisted of several steps, the first of which has
not been explicitly addressed in the COPI I report: benefit transfer from marginal value of a
(relatively small) case area to the area within a spreadsheet cell (within biome and land-use
class), i.e. most case studies values were recalculated to value per hectare per year. The
subsequent expansion to the cells by multiplying it with the area has implicitly been referred to
as ‘grossing up’ and has not been considered a benefit transfer as such. For a more detailed
discussion on the marginality issue see section 5.2.2.
Gap filling across land uses within and across biomes. Several dimensions were used to
simplify the global spatial differences in ecosystems and ecological habitats:
 Geographical regions according to geo-political borders (13 and polar)
 Biomes as basis for the ecosystem types delivering ecosystems goods and services (13
biomes defined). Based on general climatic ands soil conditions.
 Land-use types within biomes as proxy for operating pressures and level of degradation
(8 types distinguished), reflecting human influence.
This approach resulted in 1456 possible unique combinations. These ‘cells’ each have a
different size or area, and 813 (56 per cent) of them were actually filled.
The COPI I approach contains a considerable simplification of the spatial detail in the IMAGE
model, that contains 66,000 terrestrial grid-cells (each sized 0,5 x 0,5 °). This has not been
noted explicitly in the COPI I report.
For each of the distinguished dimensions, other classification systems can be taken, which will
alter the number of unique cells. For instance, instead of general biomes a more specific
ecosystem classification can be used (Olsen 2001), put forward by WWF. This is based on 14
biomes and 8 biogeographic realms, that contain the nested 867 eco-regional units6. Obviously,
6 Eco-regions are defined as ‘relatively large units of land containing a distinct assemblage of natural communities and species
,with boundaries that approximate the original ex tent of natural communities prior to major land-use change ‘
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choosing this classification instead of what has been used, creates an extra data (and gap filling
/ benefit transfer) problem, as it misses the integration with other variables (such as the socioeconomic and environmental pressure variables included in the IMAGE-GLOBIO model
framework).
Gap filling / ecosystem service estimation across land uses within a biome. Within each
spreadsheet ‘cell’ (=existing combinations), several physical-ecological variables were used in
the COPI I analysis:
 Area: to transfer marginal values per ha to the total area of a biome/land-use cell.
 Ecosystem degradation, or habitat quality: this variable is expressed by MSA-value
(range from 1.0 = natural to 0.0 = fully degraded) and is not monitored but is a
environmental pressure-based calculation. The MSA-indicator is assumed to be an
appropriate proxy for the relevant biodiversity components underlying ecosystem
services (see the graphs in the figure below). The most simple assumption would be
linear relations, but this initial approach was further developed as more ecological and
economic knowledge appeared already available during the COPI I project period.
Further substantiation of the relationships is now becoming available in the literature.
 Ecosystem inflators: In COPI I the functions are postulated for service categories (for
goods, services, recreation), and not for each specific service. For the CO2 sequestration
service, the functional form can be checked with ecological model variables (C-content
of IMAGE cells).
The Transfer of Potential Services (or Benefits) from known cases is performed with the use of
inflators (to achieve ‘gap filling’). The inflator indices express the extent to which an
ecosystem in a specific state of human use is able to supply certain ecosystem services:
EVi = EVj * ( Inflatori / Inflatorj )
where
EV = ecosystem service value (or alternatively ecosystem potential service)
j = reference situation for which an ecosystem value is known (database)
i = situation for which no information exists, but is derived based in the inflator
This can be visualized as follows, for forest carbon storage (Rc) and recreation (Cr).
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Figure 2 Visual example of gap filling method in COPI I

Gap filling / ecosystem service estimation across biomes.
In developing the Benefit Trasnsfer rations clearly a rough exercise was done in COPI I to help
ensure that the gaps did not dominate the results. There is indeed a need to updating these
ratios in light of future knowledge and data, and to increase the number of entry values so as to
reduce the dependance on gap filling/benefit tranfers. Thanks to the boradening of the number
of data in the COPI II database there has been a lesser need for this type of gap filling in the
present study. In addition, the insights on the range of values found across biomes is helping
clarify different ESS provision across biomes. See section 4.5 for a discussion on the findings
following the database expansion.
4.4.4 Step 5: Applying ‘Conventional’ Benefit transfer
The Spreadsheet tables with land use and biodiversity data obtained from the literature,
together with application of the two gap filling techniques to produce ecosystem service valuefactors for these cells, does not yet adequately produce estimates of the ‘actual benefits’ from
the calculated ecosystem service levels across the world. To approximate such benefit
estimates, the properties of the so called ‘demand’ or ‘use’ side were brought into the COPI
spreadsheet. A ‘conventional’ benefit transfer approach was therefore applied to address the
gaps in ecosystem services coverage for geographic regions (e.g. European values transferred
to Australia and New Zealand), and across time (notably 2000 to 2050 for this study).
Step 5.1 Benefit transfer across regions
 GDP (in purchasing price parity (PPP) terms)/capita ratios between countries was used
for where the ecosystem service values were judged to best reflect relative incomes
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 the common global values were used (i.e. a transfer ratio of 1) where the good was seen
as a global good with market prices (e.g. timber)
See the table below for some example rates and Table A6.1 in the annex of COPI – 1 report,

chapter 6.
Table 12 Benefit transfer: Across Regions – GDP (PPP) per capita ratios (examples)
Region

North America

Europe

China Region

Eastern Europe &
Central Asia

Africa

Model acronym

NAM

EUR

CHN

ECA

AFR

Year 2000

1.47

1.00

0.23

0.17

0.12

Year 2050

1.34

1.00

0.69

0.41

0.15

Step 5.2 Benefit Transfer over time
As the COPI I study was all about projecting the future economic consequences of biodiversity
losses, the calculated values for 2000 had to be transferred into the future. So future values did
not only differ from 2000 values because of projected changes in land use and associated
biodiversity, but also because the component demand / actual use was expected and projected
to change in the OECD Environmenbtal Outlook study, which constitutes the demographic and
economic basis of the COPI I study. World population growth, income level growth, change in
societal preferences, and increased competition for limited and decling natural resources would
each affect value. As a default, where no data or rationale was available to determine future
values, a back-stop assumption was taken that unit values per hectare grow by population and
by wealth (measured by GDP (in PPP) per capita).
This makes intuitive sense as a general default, as one could expect many service values to rise
with income and with population (e.g. recreation, tourism). Where evidence of a different
rationale existed (especially where a market for an ES existed and long term price series could
be identified – e.g. for provisioning of wood, of carbon prices, and of recreation and other
cultural services) these were applied. For example, for carbon storage values, a demand curve
into the future was used (here prices grew faster that the combination of population and
GDP/capital; see table below). The ratios varies substantially for different ESS, with higher
ratios for climate regulation due to estimates on the value of carbon in future carbon markets,
which is expected to be relatively high. See also Annex V for details on the methodology used
for carbon stock. The table below provides some examples for a range of services, while fuller
details can be found in Table A6.3 in Chapter 6 of the COPI I report.
Table 13 Examples of benefits transfer over time – changes from 2000 to 2050

Food, fibre, fuel
Fresh water
Air quality maintenance
Climate regulation (i.e. carbon storage)
Water purification & waste management
Cultural diversity, cultural heritage values
Recreation and ecotourism

Change 2000 to 2050
Partial estimation scenario
Fuller Estimation scenario
1
2.8
2.8
2.8
2.8
2.8
3.59
11.37
2.8
2.8
2.15
2.8
2.06
2.8
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4.4.5 Critical analysis of Steps 5.1 and 5.2:
Geography. The geographical regions differ considerably in the share of used combinations. In
North-America, almost all combinations of biomes and land-use types are present, while in the
Middle-East this is about 20 per cent (only 3 biome types are presented here). Also the share of
biomes or regions that are still in their natural state differs considerably. Only 40 per cent of
the Mediterranean shrub biome is still in a natural state, while 86 per cent of the wooded tundra
is still natural. The region of Russia and Caucasus contains the largest share of natural areas
(79 per cent of area), while South-Asia contains the least (33 per cent).
From this observation it is obvious that regionally specific COPI’s make more sense with
respect to representation of the case studies. This then should also lead to caution in extending
the gap filling beyond the ecologically well supported areas. The representation of the
economic differences between regions seems to be better, be it still rough and not on actual
resource use in the economic process.
A very relevant but as yet not explored extension is of course the role of trade flows (both of
raw resources and of commodities) for the social and economic consequences of the
biodiversity losses in particular regions. This would however require a different kind of
linkages in the COPI spreadsheet model.
Regional Economic Benefit Transfer (from Potential to Actual Service). Data on population
size, total GDP and GDP/capita (for 2000 and 2050) were used from the OECD Environmental
Outlook towards 2030 (OECD, 2008). Many more variables are known and can be coupled to
individual cells, although with different degrees of certainty. For instance, some variables are
only known for a whole geo-political region, and are averaged per cell.
In the spreadsheet the ecosystem services with a different spatial valuation market are treated
separately, which is logical, as follows (see table below):
 A global priced service, such as carbon, is transferred purely by ecosystem area and
ecosystem degradation (benefit transfer of 1).
 For recreation, the transfer is based on the local willingness to pay for this service. Here,
income per capita is used as an index of welfare, and is a proxy for the potential to pay
for the regional recreational needs.
Table 14 Regional economic benefit transfer – local and global pricing
Service Type
Provisioning service
Provisioning service
Regulating service
Regulating service
Cultural service
Cultural service

Price level
Globally priced
Locally priced
Globally priced
Locally priced
Recreation
Other

Transfer variable
1
GDP/cap
1
GDP/cap
GDP/cap and GDP/cap * elasticity
GDP/cap and GDP/cap * elasticity

The economic profile that translates an ecosystem service or potential benefit to an actually
enjoyed benefit is different for individual goods and services. Some examples can make this
more clear:
 For instance, it is not required that a large population is present to enjoy the benefit of
carbon-accumulation, as climate change and its mitigation are global operating
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processes. The value is therefore already there, but still has to be claimed by a local
institution that brings the value to the carbon-market (enabling environment in place).
 For watershed related services, such as green water supply from non-degraded forests,
the actual enjoyment depends on the dependence of the population and (agricultural)
sectors on natural water supply (drinking, sanitation, irrigation). Without these, the
potential is not enjoyed.
Income Adjustment To address the issue of income adjustment, the COPI I study used
appropriate ratios to convert all service values into an EU value equivalent, which could then
be compared and averaged across studies. These conversions were based on regional
Purchasing Power Parity (PPP) adjusted GDP comparisons between the EU and other regions
of the world. ‘EU equivalent’ estimates of service value were made in this way, and used to
calculate global mean values in equivalent terms. The relevant GDP ratio for each world
region was then used to convert these EU-based averages back into appropriate service
estimates for each region. This formed an important part of the gap filling and benefits transfer
methodology.
Income adjustments are necessary for the benefit transfer exercise from the case study site to
the policy site. In determining the appropriate values for such a benefit transfer we refer to the
literature relating units values for ecosystem services to real incomes. Even though WTP for
these services is determined by many factors, a recent meta analysis (Bredahl, Jacobsen and
Hanley 2007) of 35 contingent valuation studies (with a total of 107 WTP estimates) on 5
continents (80 per cent of which are from Europe and the US) of WTP for nature protection
where existence values play a major role, shows that GDP per capita is a significant and good
predictor of WTP7.
For a number of biomes, a unit value has been used as the transfer ratio with respect to GDP
and population. In some cases, as far as GDP is concerned, the data suggest a value less than
one may be appropriate (possibly 0.5),
For instance, for the analysis of forest values, income adjustment was not made on the basis of
the ratio of PPP-GDPs alone but also included an ‘elasticity’ of value with respect to PPPGDP. This elasticity in our studies was found to be equal to 0.6 for recreational values and
equal to 0.9 for passive user values. The geographical and temporal benefit transfer for forest
services relies on these results, using the range of estimated coefficients.
The use of the lower value in other cases where a unit value has been used would have the
effect of raising estimates of goods and services when transfers are made from studies in rich
countries to poorer countries (as is mostly the case). It would also have the effect of lowering
estimates when transfer are made from the present to the future. The net impact of the two
7

They report that adjusted R2 was 0.53 in a single linear regression between WTP and GDP per capita (with no
constant; since at zero income WTP also has to be zero). Often an income elasticity of WTP equal to 1 is
assumed (implicitly) in unit value transfers, but CV studies typically show an income elasticity of WTP lower
than 1 for CV studies of environmental goods, typically in the 0.3-0.7 range (Kriström and Riera 1996, Höckby
and Söderquist 2003, Bredahl Jacobsen and Hanley 2007). In our own study about forest cultural values the
income elasticity of WTP has been estimated to be equal to 0.6 for recreational values and equal to 0.9 for
passive user values. The geographical and temporal benefit transfer within forest biomes have relied on this
elasticity.
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‘errors’ is not clear but probably not large. Future COPI analysis could usefully integrate
different values of elasticity into the higher/lower scenarios (aiming to have both partial and
fuller estimates, and lower and upper values/sensitivities..
Values for provisioning services instead were not adjusted in this way, as they are more likely
to be influenced by world food, timber and fuel prices than by local income factors.
A similar approach has been undertaken in the current study. As well as provisioning services,
estimated values for climate regulation have also not been adjusted, as they tend to be based on
global shadow prices for carbon rather than local willingness to pay.

4.5

The example of CO2 sequestration

4.5.1 Introduction
This is an example of the highest valued ecosystem service in the COPI I analysis. It is a
service with a global market, and easy to transfer to other similar biomes. Several similar
biomes are important, i.e. forested biomes. The price for carbon is the result of a globally
created market for carbon off-sets.
The highest losses are found for the tropical forested biomes. They contain the most biomass
and carbon (optimal climate for biomass production), and conversion to other human uses is
prominent for this biome (especially in South-America / Brazil).
Data availability (see Annex V). Data on Carbon-values per ton carbon stored are taken from
a EU-funded project CASES. It distinguishes 2 methods to arrive at a carbon price, i.e.
Damage Costs and Avoidance Costs. These 2 general carbon sequestration costs are used in the
next calculation step.
From marginal value per service to marginal per hectare. The marginal values per ton C
are combined with the (potential) capacity of forests to store carbon, based on 2 studies
(Myneni 2001 and Gibbs 2007). They distinguish different forest biomes (6) and geographical
regions (13, excluding polar), giving 57 possible unique and existing combinations (Table AII
6 of COPI I report). For about a quarter of these, unique potential carbon capacity values are
listed (14 out of 57).
Coverage and Representativity. For carbon benefit transfer, the natural situation always
serves as reference. As an illustration, the following table shows the transfer ratios for total
biome area for Europe and global. Transfer factor is the ratio between the transfer receiving
biome-area and the natural-area on which the potential benefit is based.
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Table 15 Transfer ratios for carbon for Europe and global.
Forest Biomes

Boreal
Tropical
Tropical woodland
Warm mixed
Temperate mixed
Cool coniferous
Temperate deciduous

European areas:
Natural - Total
for 2000
(* 10^9 ha)
0.039 - 0.066
000.007 - 0.016
0.048 - 0.120
0.016- 0.029
0.059 - 0.170

Transfer
factor
within EU biome

0.7
n.a.8
n.a8
1.3
1.5
0.8
1.9

Global areas:
Natural - Total
for 2000
(* 10^9 ha)
1.48 - 1.76
0.69 - 0.91
0.31 - 0.58
0.29 - 0.59
0.23 - 0.31
0.20 - 0.47

Functional form. The relation between MSA and the inflation factor is not based on actual
knowledge, but on expert guesses (figure below). A general linear relation is assumed, with
deviations for biofuel plantations (high multiplier, but medium biodiversity) and extensively
used grassland (high biodiversity but limited biomass).
Figure 3 Assumed relation between MSA and carbon multiplier
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Biodiversity MSA

The structural relation between forest biomass and biodiversity can be checked by using
variables from the IMAGE-GLOBIO model framework. Comparisons can be done on an
aggregated level only, and not by correlating individual grid-cells (i.e. relate MSA per land-use
type in GLOBIO to C-biomass per land-cover type in IMAGE). This has to be done for each
biome separately, as climatic variation is not reflected in the MSA indicator (it takes
naturalness as reference and not the absolute species number present) – see figure below.
8

Not applicable in Europe but only in overseas territories, which were not the focus of this analysis
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Figure 4 Carbon sequestration value transfer within biome

Benefit Transfer between economic regions. As carbon sequestration is a global operating
service, there is no socio-economic based transfer applied. The price for carbon is the result of
a globally created market for carbon off-sets under the CDM-mechanisms. This neglects the
fact that there has to some kind of enabling environment to actually bring the carbon service to
the global market. The influence on the global price of demand and supply is not treated here,
but is a major source of uncertainty in the total evaluation calculation.
Conclusions on main location of sensitivity and uncertainty in C-sequestration benefit
transfer:
 Very limited source information use on marginal values (data)
 Assumed functional form with biomass (knowledge)
 Global price mechanisms (alternative technical solutions, policy incentives for climate
mitigation, obligations under UNFCCC post-Kyoto protocol).
 Local enabling environment (social)
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4.6

Expanding the COPI Database – Implications for the Need for Benefits Transfer

Section 3 noted that the COPI Biodiversity 2 study has greatly increased the number of
reference values potentially available for the COPI assessment. As a result, there are fewer
gaps in the evidence base, reducing the need for benefits transfer to be used. This section
considers the implications for the use of benefits transfer in the COPI Biodiversity assessment.
4.6.1 Effects of the Expanded Database
Benefits transfer is an essential part of a global assessment such as COPI, irrespective of the
number of reference values available, because of the unlimited number of policy sites on which
the assessment needs to be based. Furthermore, the very large number of cells to be filled in
the COPI spreadsheet means that, although the database has been substantially expanded,
transfer of benefits between cells will continue to be important.
The main effect of expanding the database is to:
1. Reduce the need for transfer of service values from one biome to another;
2. By providing more data points, increase the confidence that can be placed in the values to
be transferred.
The COPI I assessment estimated 48 different service values across 8 biomes, then used
benefits transfer to estimate a further 150 service values across a total of 11 biomes, giving a
total of 198 (11x18) biome/service combinations. The expanded database enables the
estimation of 66 service values across a total of 10 biomes. This includes coverage of two
biomes (savannah and Mediterranean shrub) for which no values were previously identified. In
addition, new service values have been identified for grassland, tropical forest and temperate
forest. This reduces the number of transfers of service values between biomes to 132.
This indicates that, in spite of the much larger number of values identified, there is still a
substantial need for benefits transfer across biomes. Many of the new values in the extended
database serve to provide additional data points for biome service combinations that were
already covered in COPI I. However, by increasing the sample of values on which the COPI
estimates can be made, this does increase confidence in the values identified and the
subsequent transfer of these across and within biomes.
It should be noted that many of the transfers are between similar biomes (e.g. tropical forest to
tropical woodland and warm mixed forest; temperate forest to cool coniferous forest and boreal
forest) – therefore the relatively large number of transfers across biomes which are required is
partly a reflection of the large number of fairly similar biome types covered by the model.
Collapsing the biomes covered by the model (e.g. reducing forest types to two – tropical and
temperate) would significantly reduce the number of cross biome transfers required.
Increased coverage in the COPI II database of the more important biomes such as tropical and
temperate forests means that the majority of values for these are based on identified values
rather than transfers across biomes.
The expanded database still contains relatively few values relating to different land uses, and
patchy coverage across different world regions. Therefore there is a continuing need to rely on
benefits transfer within biomes to estimate the value of services delivered by different land
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uses. The patchy regional coverage means that it remains necessary to estimate global
reference values and then apply these to different world regions (rather than identifying
individual values for each region).
4.6.2 Insights into Variations in Service Value between Biomes
The expanded database enables us to compare the values of different ecosystem services
between biomes. This is potentially helpful in informing the transfer of values for other
services between biomes. If, for example, we have estimates of the relative values between
biomes of some regulating services, we may be able to use these to draw inferences about
likely relationships between the values of other regulating services. It is important to note that
such an approach would rely on several quite strong assumptions regarding correlations
between service delivery, human benefits and economic values.
The table below presents information on the relative value of certain ecosystem services
delivered by different biomes, based on the values given in Table 8 in Section 3. It focuses on 5
biomes and 7 services for which most data is available. It estimates the relative value of each
service for the different biomes, compared to the biome with highest recorded value (allocated
a score of 100). The figures suggest very wide variations in service delivery, with relative
values declining steeply for most services. Tropical forest delivers the highest values for
provisioning and regulating services, while temperate forests have highest values for recreation
and cultural services, reflecting their greater proximity to relatively wealthy populations in
developed countries.
This information could potentially guide benefits transfers across biomes. However, there
significant caveats:
 The ratios are based on small sample sizes and are sensitive to the treatment of unusual
and outlying values;
 The extent to which these ratios can be applied to other services is uncertain.
Therefore such an approach might best be used as a source of information rather than a tool
that could be directly applied in a benefits transfer exercise.
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Table 16 Comparison of Service Values between Biomes
Biomes (a
selection)
Tropical
Forest
Temperate
Forest
Mediterranea
n Shrub
Grassland
Savannah

Food,
fibre, fuel

Biochemi
cals etc

Climate
Regulation

Water
purification

100

100

100

100

89

28

18

71

17

20
1

Cultural
diversity
and values

Recreation
and
ecotourism

Total
economic
value

7

13

100

35

100

100

67

1

4

1

2

8

0

10

18

0

1

40

0

0

0

0

0

0

As noted above, this offers additional insights into relationships between biomes that were
pragmatically developed in COPI 1 using simple gap filling ratios for services across biomes
above. The above focus less on soil and air quality so it is difficult to update the earlier ratios
directly from the values in this table. The issue is however now less sensitive as reviewing the
soil and air quality numbers in a new light as suggested that earlier extreme values (outliers)
had too great an affect on the numbers used and a more conservative approach reduced
significantly the values for soil and air pollution and hence the sensitivity to the use of the gap
filling.
4.7

Overall conclusions from Task 2
 The COPI I spreadsheet model is complex but a generally traceable model, which covers
a very large set of ecological and economic processes at a great level of detail.
 Given the complexity of the interrelationships, it is (surprisingly) easy to describe in a
number of steps what the essential COPI analysis requires as inputs, parameter values,
choices as to transfer algorithms and aggregation steps.
 The step by step examination of the model and some partial testing have indicated that
the most sensitive areas in the model are:
o The identification of representative values for each service in each biome,
especially given uncertainties as to how to treat variations and outlying values;
o The graphs / coefficients matrix for the relationships between ecosystem services
and land use type /biodiversity level.
o The allocation of economic factors to regions
o The Carbon market growth function
 The increase in the numbers of values from the literature has reduced the need for and
sensitivity to a range of assumptions (notably gap filling) on the final results. This is
particularly true for important biomes such as tropical and temperate forests, whose
estimates are more substantially based on identified values than on tranfers across
biomes. That said, there remains still a significant task in obtaining additional values and
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additional relationships between service provision across land uses within biomes and
across biomes. There is less information available on ecosystem service indicators to
allow such comparisons and data on values similarly does not fill the gaps, making gap
filling redundant.
 The database still contains relatively few values relating to different land uses, and
patchy coverage across different world regions. Therefore there is a continuing need to
rely on benefits transfer within biomes to estimate the value of services delivered by
different land uses. The patchy regional coverage means that it remains necessary to
estimate global reference values and then apply these to different world regions (rather
than identifying individual values for each region).
 The relatively large number of transfers across biomes which are required is partly a
reflection of the large number of fairly similar biome types covered by the model.
Collapsing the biomes covered by the model (e.g. reducing forest types to two – tropical
and temperate) would significantly reduce the number of cross biome transfers required.
 It is recommended that before a full new COPI analysis be done, that the TEEB D0
database be used to improve the understanding of the different values of different land
uses and different biomes. Similarly further analysis is needed for relationships on the
ecological side. This COPI 2 study has offered a step forward, but more is needed for a
full new COPI analysis that could be published as a level more robust than the COPI 1
analysis, as is needed for the TEEB numbers to be presented in Nagoya.
 A comparison of the COPI II figures for different biomes and services suggests very
wide variations in service delivery, with relative values declining steeply for most
services. Tropical forest delivers the highest values for provisioning and regulating
services, while temperate forests have highest values for recreation and cultural services,
reflecting their greater proximity to relatively wealthy populations in developed
countries. This information could potentially guide benefits transfers across biomes.
However, it should be noted that the ratios are based on small sample sizes and are
sensitive to the treatment of unusual and outlying values; and the extent to which these
ratios can be applied to other services is uncertain. Therefore such an approach might
best be used as a source of information rather than a tool that could be directly applied in
a benefits transfer exercise.
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5

5.1

TASK 3: POTENTIAL FOR SUBSTITUTION

Introduction

Substitutability can be looked at under different perspectives:
 an ecosystem services perspective looking at the replacement of ESS with natural
substitutes (e.g. when losing a forest in a certain area, the carbon sequestration service
lost can be replaced by planting a new forest somewhere else)
 an ecosystem services perspective looking at replacing ESS with non natural (i.e.
artificial or man-made) substitutes (e.g. the water purification service of a wetland could
be substituted by a water treatment plant)
 a ‘bundle of services’ perspective, looking at the trade-offs from moving from a land use
to another (e.g. moving from extensive to intensive agriculture some services, such as
provisioning, increase, while others, e.g. cultural values, decrease)
 a capital perspective, looking at the effects of moving from natural capital (e.g. pristine
biomes) to man-made capital (i.e. increased urbanisation, which can lead to a decrease
of ESS and an increase of monetary profits).
An overview of the key aspects and implications of these issues are summarised in the table
below.
Although these four perspectives look at related aspects of substitution, they may lead to
different analytical approaches. The present work focuses on the first 2 approaches – i.e. it
looks at natural and artificial substitutes with an ecosystem services focus. Ideas on the other
approaches, however, will be presented when relevant. Briefly - the ‘bundle of services’
approach has been and remains core to the COPI analysis (see Braat and ten Brink, 2008,
chapter 6). The issue of substitutability of natural capital to other capitals, is at the core of
considerations of ‘sustainability’ – and the de facto it has been assumed that there is
substitutability between capitals (as natural assets have been run down to create economic
wealth), and ‘weak sustainability’ is the de facto norm (strong sustainability, would require no
loss of any capital stock to another).
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Table 17 Different approaches to substitutability – an overview
Type of change/
substitution (from to)
ESS focus: from
natural capital to
other natural
substitutes

Examples
• Water from local well to another
• Fishing different catch or different
area
• Carbon storage in forests, to carbon
storage in agricultural soils

ESS focus: from
• Water from well to desalination/bottled
natural capital to
water
man-made substitute • Purification of water by wetland/water
shed compared to man-made pretreatment plant
• C storage in forest (green carbon) to C
storage underground (brown carbon)
Bundle of ESS focus: • Forest to Agriculture
from land use to
• Extensive Ag to intensive Ag
landuse (issue of
• Mangrove to shrimp farm
trade-offs between
ESS)
Capital focus: from • Convert land: deforestation to degrade
natural capital/
land for money (for subsequent use)
multiple ESS to man- • Convert landscape to residential areas /
made capital/profit
housing

Service provided
Potential different
(lower) quality
water, or different
preference for fish

Other services
Potential other
service losses

Change in quality
Important: wide
(e.g. desalinated
range of other
water taste)
services lost.
Risk of storage
Eg forest offers
(e.g. risks to forest multiples services,
carbon vs risks
underground CCS
from geological
but one.
storage)
Wide range of change of services –
trade-offs across services – e.g. less
wood, less carbon storage, less water
purification versus more food.

Other externality
(pollution)

Social
implications

If original well dried
up, potential other
impacts,
If having to fish
further afield, maybe
pollution

Yes: Time costs
to get water or to
go to new fishing
ground

Case by case: for
desalination can have
problems of disposal
of brine; for manmade CCS,
infrastructure + risks
of leakage

Economic Costs

Implicit (social
cost), maybe
explicit (real costs):
e.g. time costs can
rise, maybe fuel
costs to access new
resource
Not all can afford Costs can rise
man-made
significantly (see
substitutes. Poorer figure further
communities
below), pending on
more strongly
which substitute.
affective.

Depends on
Depends on
agricultural practice - property rights for
can be significant –
preconverted
e.g. fertiliser,
lands and access
pesticide impacts.
to services (on
site and beyond)
Loss of ecosystems from natural
Can be significant
Loss of services
capital, and loss of natural capital itself
to local
– substitution to money that can then be
population (and
used for other capitals or to but
beyond for some
artificial substitutes (or provision of
services) from
natural substitutes elsewhere).
loss of natural
capital

Losses of certain
services, with cost
implication for
those needing to
find these from
elsewhere
Can be economic
benefit. Natural
capital, not
accounted in GDP
becomes money in
GDP

5.2

Task 3 of COPI II and its links to the COPI I study

The text of the Terms of Reference (ToR) of Task 3 ‘Potential for substitution’ refers in this
context to the following aspects of substitutability:
 ‘Substitutability between environmental assets providing equivalent services, and with
man-made goods and services, can have a significant impact on their value.’
 ‘Substitutability covers a continuous spectrum, from perfect substitutability to poor
substitutability (perfect / zero substitutability with artificial capital underlies the
definition of weak / strong sustainability of the use of natural resources, in some
jargon).’
In addition, a starting point of the analysis is the notion in the ToR that ‘in many valuations, an
implicit assumption is made of perfect substitutability between natural and man-made capital.
However, this assumption is unlikely to be correct at the extreme.’
Task 3 involves setting out
 the principles of substitutability as they apply to ecosystems and ecosystems services,
and
 the potential implications for the values set out in Task 1 (see Chapter 3 above).
As such, it considers the ability to substitute for ecosystem services through:
 natural substitutes made available from other sources; and
 artificial provision.
To assess the implications of potential limits of substitutability for valuation in theory and in
practice, this chapter is organised in a two-step procedure. Firstly, an analysis of the inherent
characteristics of different ecosystem services is carried out. Building on this analysis, it is
evaluated which risks society faces by substituting ecosystem services either by natural or by
man-made alternatives.
A list of criteria has been developed based on these theoretical considerations setting the
scene. These criteria can be applied on a case-by-case basis, helping to assess the potential for
substitution of specific ecosystem services and to assess the implications for real decisionmaking, i.e. what are the implications at a local, national or global level.
The COPI I study (Braat & ten Brink 2008) focussed on the effect of changes from land use to
land use. The approach taken was to consider that a conversion of natural land leads to a loss of
ecosystem services, assuming a linear reduction of services. The current study takes into
account that limits of substitution may make the costs exponential or hit a critical threshold,
while at the same time considering the physical dimensions of limitations to substitution.
Why are substitutability issues a crucial aspect in the COPI assessment? All COPI-like
exercises aiming to provide information on a world-wide scale face the problem of having to

build on a limited amount of case study results. Hence, a substantial scaling-up of the results is
required. The problems associated with this scaling-up exercise go far beyond the problems
related to classical benefit-transfer exercises. These issues are discussed in detail in Task 2
(Chapter 4).
To understand the extent of substitutability, the resilience and cascading effects of ecosystems
and their associated services, and their complexity have to be accounted for in a COPI analysis.
This comprehensive view is necessary in order to complete the picture and to draw the
necessary conclusions for policy action from such knowledge.
The COPI I assessment made a number of assumptions about the changes in service delivery as
biomes are modified or converted from their natural state. Since this task will examine the
extent to which natural biomes can be substituted by man-made and natural systems, and the
implications of this for ecosystem services, it should provide valuable information about the
relationship between the degree of modification (as measured by MSA) and the level of service
delivery. This in turn should help to inform the benefits transfer exercise by testing the
assumptions used to estimate changes in service delivery within biomes.
As large-scale changes are considered within the COPI exercise, three main features of the
underlying cases studies have to be analysed:
1. Do the substitutes mentioned in the case studies constitute real substitutes for the lost
services – meaning that they can and will provide compensation for all lost services?
Do the benefits accrue to the same recipients, and similarly distributed in space and
time?
2. Is the concept of marginality taken into account? (see Section 5.3.2 for explanation)
3.

5.3

Have critical thresholds been reached?

Theoretical framework

In economic theory, the inputs for the production of goods and services are limited, as we live
in a world of finite resources. In order to increase production of one good, fewer units of
another good can be produced (see Figure below). This implies that goods and services are
scarce relative to other goods and services.
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Figure 5 Production curve and substitution of economic goods and services

If this concept is applied to natural resources, goods and services provided by nature are
considered from a pure economic perspective to be as substitutable as manufactured ones.
However, there are some characteristics of environmental goods and services that make them
different. In the view of ecological economists, many environmental goods and services are not
only scarce in a relative sense, but also in an absolute sense. Absolute scarcity implies that a
certain good is neither substitutable against others on the production nor on the preference side
(Baumgärtner et al. 2004). Whether and ecosystem good or service can be considered
substitutable (relatively scarce) or non-substitutable (absolutely scarce) depends on a number
of factors (Cleveland & Ruth 1997), namely
 the type of substitution (natural versus artificial);
 the existence of critical thresholds;
 the limitations related to the issue of marginality;
 the boundaries of the system (local versus global and micro- versus macro-economy);
 the time scale (long versus short run); and
 consumer preferences.

5.3.1 Character and limits of substitution
In general, two alternative options of substitution are distinguished.
a) Substitution of ecosystem services by natural means
An ecosystem services from one area that is lost (e.g. over-exploitation of water table)
or degraded (e.g. forest affected by acid rain) or converted (e.g. forest to agriculture) or
no longer accessible (due too great competition, change in property rights regimes) can
be replaced/substituted by another natural source of the ESS further away. This can
lead to new costs (social, economic) and also a loss of a range of other services that are
impacted by the change (e.g. land conversion would lead to a change from one bundle
of services to another, leading to a new portfolio of ecosystem services provided in the
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considered area). Where the services lost from the original ecosystem are substituted
for by exploiting another similar ecosystem in some other locations, there are natural
substitutes. Natural substitutes are discussed in Section 5.5.
b) Substitution of ecosystem services by artificial means
Alternatively, the loss of specific ecosystem services may be substituted by technical
solutions (artificial substitutes). For example, the losses of timber from a forest which
is replaced by a parking lot may be substituted by using artificial construction
materials, such as concrete, steel or plastic. Artificial substitutes are discussed in
Section 5.6
In the case of artificial substitution, a it needs to be discussed whether the technical substitute
really does offset the ecosystem service in question. This discussion must be held on a
technical level (the service itself) as well as on an ethical (social, distributional) level (will the
substitute provide the benefits to the same group of people as the original ecosystem service?).
Here, issues of equity become relevant. An example is bottled drinking water as a substitute for
clean drinking water. Although the product seems to be the same – drinking water – the
consequences of substitution are significant for people that used to have free access to drinking
water from the natural freshwater resource and cannot afford bottled water. A relevant question
for future COPI applications is: can we apply the cost of bottled water to derive the value of the
lost ecosystem service?
5.3.2 The marginality issue
Besides the nature of the ecosystem service , substitutability also depends on the magnitude of
the change (i.e. the loss of ecosystems). In any large-scale assessment of changes in ecosystem
services, such as a COPI exercise, it needs to be clear how the concept of marginality is dealt
with. As indicated above, available information on ecosystems services values is based on
small-scale case study results. The COPI calculations are based on the assumption that
marginal costs for the respective substitutes are held constant at the level of the underlying case
study – i.e. linear substitution. This cannot be taken for granted, as other substitution paths may
be possible. One should be aware that the substitution potential is greater for marginal
decreases in natural capital than for non-marginal ones especially if those imply dramatic,
irreversible changes in ecosystem functioning (Cleveland & Ruth 1997). Due to the nonlinearity of ecosystems, it is very difficult to estimate whether a loss of natural capital is
marginal or non-marginal.
5.3.3 The critical thresholds
Critical thresholds are reached when, on the supply side, a unit of additional ecosystem loss
leads to a non-linear (extreme) impact on the service levels provided by a given ecosystem,
whilst on the demand side a unit of additional substituted service leads to a non-linear impact
on the benefits received. In particular, when talking about substitutability in the context of
ecosystem services, special attention has to be put on the problem related to the existence of
critical thresholds (see Section 5.5). Within the COPI calculations, a specific correlation
between the size of an ecosystem and the provided service is assumed. However, this is only
applicable when the assumed changes in the ecosystems do not exceed specific thresholds,
beyond which the ecosystems would collapse.
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5.3.4 Boundaries of the system and the spatial level
The potential for substitution of an ecosystem services changes with the spatial scale of a given
service. A good, which is absolutely scarce (therefore, non-substitutable) on a given spatial
scale, may be relatively scarce (therefore, substitutable) on a larger spatial scale (Baumgärtner
et al. 2004). Thus, ‘[a] society can increase its potential for substitution if it has access to
regional or global supplies of natural capital’ (Cleveland & Ruth 1997). However, the
substitution potential on the global level has its limits set by the amount of non-renewable
natural resource and biogeochemical cycles, which determine the formation of natural capital.
Besides the geographical scale, the level of analysis is important: ‘[S]ubstitution possibilities
increase as you scale-up from individual processes to firms and entire industries, because the
possibilities for changes in technology and input and output mix increase the possibility to
substitute one form of capital for another’ (Cleveland & Ruth 1997).
5.3.5 Indirect substitution and time scale
In theory, longer time frames provide higher potential for technological change and
substitution. When discussing substitution on a longer time scale, so called indirect substitution
has to be considered, as time offers the potential to adapt. Indirect substitution involves
technological progress and increased resource productivity. For example, an indirect substitute
for the ecosystem service ‘freshwater provision’ is the development of more efficient irrigation
systems. In this example, technological progress would make people less dependent on the
natural ecosystem service as it requires less of the natural resource to be used for human
consumption. Thus, indirect substitution is a means to overcome and compensate in-part for
resource depletion.
Indirect substitution will not be considered within this report in detail, the reason being that
COPI-like assessments incorporate relative long timeframes (e.g. until 2050) and a large
geographical scale. This would require assessing the behavioural changes worldwide or
technological innovation for the next decades. This would require substantial additional
research, which goes beyond the scope of this report.
5.3.6 Consumer preferences
When substitutability is discussed on the basis of artificial substitutes, one has to assess the
substitutability from the production and from the preference side (Baumgärtner et al. 2004).
For instance, on the production side, artificial materials such as plastic may substitute wood as
a construction material. However, consumers may still prefer natural materials for house
building or interior decoration. Thus, in order to make use of artificial substitutes, a shift in
consumer preferences is required. If such a shift in preferences does not take place, the
potential for substitution is limited. Task 3 focuses on discussing substitutability on the
production side.
5.3.7 Principles to assess the substitutability of ecosystem services
Based on the theoretical considerations in the previous sections, a set of principles has been
elaborated to assess the substitutability of ecosystem services (i.e. the suitability of substitutes
and the limits of substitution). It provides information about (i) the accurateness of the
estimates of ecosystem services values used, (ii) the implications for the values, if the
suggested substitutes will be used on a global scale (scaling-up of case study results) and (iii)
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the implications for the political decision-maker, when decisions will be made based on these
estimates.
a) Appropriateness: Does the substitute really cover all dimensions of the original
ecosystem service? (i.e. are all services maintained or are some lost? Does the quality
of the services remain the same?)
b) Side effects: Does the substitute imply additional, not intended effects, which may
have ecological, social and/or economic dimensions (biodiversity loss, distribution of
costs, social impacts etc.)?
c) Transferability of implementation: A substitute described in a case study to replace an
ecosystem service may not be applicable in other settings. These settings involve
infrastructure, institutional structure and geographical settings. In areas with restricted
technical infrastructure and/or inappropriate institutional settings, these substitutes
cannot be implemented or will have a high chance of failure.
d) Regional context: Each substitute depends on site-specific conditions. This is
especially important for natural substitutes (see Section 5.5 on natural substitutes). Not
only does the utility of the original ecosystem services depend on the site-specific
conditions, but so does the utility of proposed substitutes.
e) Spatial scale of effects: Substitutes available on a local scale might reach a limit on a
larger scale. While small-scale losses might be compensated by substitutes, large-scale
changes in ecosystems affect a wide range of ecosystem services, for which no
substitutes are available.
f) Temporal scale of effects: Often, the envisaged substitute is not immediately available
or needs development time until the respective (alternative) ecosystem service is
provided (e.g. restoration). This implies additional losses of services and additional
costs.
g) Thresholds: Are there thresholds beyond which the proposed substitution is no longer
possible? (e.g. issue of fishery to fishery substitution – at some stage there will be no
more fisheries to substitute to)
h) Affordability: This refers to the social consequences of the proposed substitute in the
specific context. This does not only include the total costs of the project, but also
distributional effects within society.
i)

Social justice: Does the substitute take into account the polluter-pays principle or is
there variability in the share of burden between groups/regions?

The first three criteria indicate the appropriateness of substitutes, the next four principles
describe the limits of substitutability, and the last two address ethical implications to be
considered when interpreting the results. Based on the evaluation of potential substitution
alternatives along this set of criteria, conclusions for the adjustment and interpretation of the
valuations contained in the COPI database can be derived.

5.4

Substitution in the context of COPI

As indicated, the principles of substitutability apply particularly in large-scale contexts. The
scale of the loss of ecosystems and biodiversity as it was observed over the last decades can be
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assumed to continue if no immediate steps are taken to prevent it (see Braat & Ten Brink
2008). At the global level, the potential for substitution of individual ecosystem services
depends largely on the magnitude of the (expected) changes. A rapid loss of biodiversity will
reduce this potential, as critical thresholds for ecosystem functioning will be crossed.
To illustrate the principles of substitutability, forests, grasslands and wetlands (which were not
part of the quantitative COPI I analysis) will be the focus of the further analysis. Among all the
ecosystem services provided by forests, grasslands and wetlands, this report focuses in
particular on water regulation, water purification and climate regulation (carbon sequestration),
as they are particularly important in respect of the basic human needs for clean drinking water
and global safety conditions. Most environmental problems are the effects of disturbances in
the provision of these services. Moreover, the COPI database contains a relatively high number
of monetary values for regulating services from forests, grasslands and wetlands. The table
below illustrates the availability and importance of the three ecosystem services in each of the
three biomes.
Table 18 Importance of biomes for the provision of selected ecosystem services
Biomes

Ecosystem services
Forests

Grassland

Wetlands

• Flood regulation

+++

++

+++

• Runoff control

+++

++

+

n/a

+++

• Filtering out organic waste

+

n/a

+++

• Compounds assimilation and detoxification

+

n/a

+++

+++ (+++)

+ (++)

+ (+++)

Water regulation

• Aquifer recharge
Water purification

Climate regulation
• Carbon sequestration (storage)

Key: +++ highly important ++ medium important + important

The importance of wetlands lies in their potential for flood control and water purification.
Some wetlands have been found to reduce the concentration of nitrate by more than 80 per cent
(MA 2005a). Forests are important carbon sinks: one ton of wood is equivalent to 1.8 tons of
stored CO2 (Scholz & Hasse 2008). In addition, they play a significant role in runoff control, as
they are associated with the regulation of 57 per cent of total water runoff (MA 2005b). The
main service provided by grasslands is climate regulation due to the capacity of the biome to
capture and store carbon in the soil and in plant roots.
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Table 19 Selected ecosystem services and their occurrence in the COPI I database
Ecosystem service

Number of values
in COPI database

Water regulation

20

Water purification /
waste management

43

Climate regulation

41

Value range
(EUR/ha/yr)

0.5 - 19,851

0 - 36,996

0 – 41,525

Mean value
(EUR/ha/yr)*

806

1191

543

Biomes covered
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Grassland
Tropical forest
Temperate forest
Swamps / flood plains
Wetlands
Grassland
Scrubland
Tropical forest
Temperate forest
Wetlands
Tidal marsh
Coral reef
Mediterranean shrub
Grassland
Scrubland
Temperate forest
Swamps / flood plains

*Some unusually large numbers excluded from the mean
5.4.1 Implication of substitution for the COPI database
As noted above, the value of most ecosystem services depends on the degree to which
substitutes are available, either through trade (purchase of goods and services from other
sources) or through the local provision of alternative services, by either natural or
manufactured means. This section provides a review of the ecosystem service values in the
COPI reference database, considering how the value of different services are influenced by
natural and artificial substitutes.
Provisioning Services
The provision of food and fibre yields commodities which are tradable and whose value can be
measured through market prices. These market prices reflect supply and demand in the market,
and are influenced by the availability of substitutes. These substitutes include identical
produce sourced from other locations, similar goods produced by other semi-natural means
(e.g. farmed crops and livestock or plantation timber to replace naturally sourced food or
timber), and artificial substitutes (e.g. synthetic materials as a substitute for timber). For some
provisioning services (e.g. non timber forest products), a large proportion of produce may not
be traded but be consumed directly by beneficiaries; nevertheless, it is common to assign a
shadow price to value such produce, reflecting the value to the user and the market price of
substitutes (e.g. Rosales et al, 2005).
The value of other provisioning services (e.g. medicines and water) may be measured in
slightly different ways.
Biochemicals, pharmaceuticals and medicines
For these ESS the value of ecosystem services is usually measured in terms of option values.
For example, tropical forests may contain genetic resources that have the potential for the
future development of drugs with commercial value; unless these forests are conserved there is
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a risk that these resources will be lost. Estimated option values strongly reflect limits to
substitution – i.e. the risk that unless ecosystems are maintained potentially valuable resources
without substitutes will be lost forever. This may be reflected in the willingness of
pharmaceutical companies to pay for the right to exploit these genetic resources in future.
However, estimates of value are depleted by the large area of substitutes currently available.
Examples of studies estimating option values based on potential future discoveries include
Adger et al (1994); other studies estimate the willingness to pay of the pharmaceutical
companies (e.g. Simpson et al, 1996, Gundimeda et al, 2006).
Fresh water is not usually traded in the same way as other produce, and its value is usually
measured in terms of the cost of substitute supplies (e.g. Emerton and Kekulandala, 2002).
Regulating Services
Air quality – Ruijgrok et al (2006) estimated the value of air quality maintenance by scrubland
by estimating the costs avoided by the reduced need for other air pollution control measures.
Climate regulation – most studies value carbon storage using a shadow price for carbon,
related to the expected damage costs of climate change (e.g. Adger et al, 1994; Emerton and
Kekulandala, 2002; Rosales et al, 2005; Sala and Paruelo, 1997). Using a damage cost based
approach does not reflect the costs of substitute services (i.e. alternative abatement strategies).
However, other studies such as Naidoo and Ricketts (2006) have used carbon prices as traded
in carbon markets – these prices reflect the costs of alternative abatement techniques and
therefore effectively value carbon storage through the cost of substituting it with alternatives.
Natural Hazard Protection – coral reefs and mangroves play an important role in the
protection of coastal land and property, with loss or degradation of these habitats causing a loss
of ecosystem services. Most studies assess the value of coastal protection in terms of the value
of property protected. However, valuation may also focus on the costs of substituting services
by other means. For example, Cesar (1996) gave estimates of replacement costs, citing
examples where investments have been made in flood defences in areas of high tourism value
affected by ecosystem loss and degradation.
Erosion Control – the value of erosion control by forests and other ecosystems is often
estimated by assessing the costs of artificial substitutes – i.e. the costs of alternative means of
control or the costs of replacement of lost nutrients. Examples of values are given by Emerton
and Muramira (1999), Niskanen (1998) and Ruijgrok et al (2006).
Biological Control and Pollination – the value of pollination is usually assessed by estimating
impacts on crop yields and valuing these at prevailing market prices, rather than with reference
to substitute services. Examples include Ricketts et al (2004). However, Hougner et al (2006)
estimated the value of seed dispersal services by birds with reference to the costs of provision
of a substitute service by humans.
Water purification and waste management – the value of this service is most usually
estimated in relation to avoided water or wastewater treatment costs – i.e. treatment of water or
wastewater is used as a substitute for the maintenance of water quality by forests, wetlands and
other ecosystems (e.g. Emerton and Kekulandala, 2002; Gerrard, 2004; Dehnhardt, undated;
Ruijgrok et al, 2006).
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Water regulation – the value of flood control can be estimated either in relation to damage
prevention (e.g. Gerrard, 2004) or with respect to avoided expenditures on man-made flood
defences (i.e. an artificial substitute). Examples of the latter approach include Emerton and
Kekulandala (2002) and Rosales et al (2005).
Boxes 1 and 2 give examples of values of regulating services estimated with reference to the
cost of artificial substitutes.
Box 1 Examples of Valuation of Regulating Services through Cost of Artificial Substitutes
Adger et al (1994) – the value of watershed protection by forests in Mexico can be estimated with
reference to the costs of water treatment that would be incurred if the forests did not exist. Typical
values for avoided costs of sediment removal by water treatment plant are in the order of $50-150 per
hectare of forest.
Cesar (1996) – in areas of high tourism value affected by the loss or degradation of coral reefs, hotels
and public authorities incur high costs in investing in beach protection measures. Total costs of beach
protection per km in high tourist value beaches in Indonesia are estimated at US$ 1 million per km
over 25 years, at a 10% discount rate; major investments are also taking place in the West Indies to
replace lost ecosystem services.
Dehnhardt (undated) – the value of the Elbe floodplain as a nutrient sink was estimated using the
replacement cost method, by estimating the costs of alternative nitrogen abatement strategies through
wastewater treatment and changes in agricultural practices. This gave a total estimate of between €6.9
and €20 million annually for the 15,000 hectare Elbe floodplain.
Emerton and Muramira (1999) – the value of erosion control by upland forests in Uganda is estimated
with reference to the cost of alternative control measures. If forests were to be replaced by mixed
subsistence agriculture, the costs of controlling erosion by constructing on-farm soil and water
conservation measures are estimated at USh 70,000 - 250,000 (US$ 35-125) per hectare per year,
amounting to USh 148 billion (US $72m) per year across Uganda as a whole.
Emerton and Kekulandala (2002) – the value of flood attenuation by Muthurajawela wetland, Sri
Lanka, was estimated with reference to the replacement costs of infrastructure required to provide a
similar level of services. This was estimated at $5.4 million per year, or $1,758 per hectare per year.
The value of industrial and domestic wastewater treatment were also estimated in terms of avoided
expenditures, with estimated annual values of $1.8 million ($588/ha/yr) and $48,000 ($16/ha/year)
respectively. The value of fresh water was assessed with reference to the avoided cost of installing
treatment plant, estimated at $42,000 (or $14/ha) annually.
Gerrard (2004) estimated the value of wastewater treatment services provided by That Luang Marsh,
Lao PDR, with reference to the costs of the infrastructure required to replace these services. Two
major costs were estimated: the costs of construction or improvement of household sanitation
facilities in areas that drain directly in the Marsh and the extension of the local waste treatment plant
to deal with increased waste load. The total infrastructure cost was estimated at $1.4 million,
annualised at $70,000 per year for 25 years.
Hougner et al (2006) conducted a replacement cost analysis of the seed dispersal service performed
by the Eurasian jay in the Stockholm National Urban Park, Sweden. They estimated the costs of
replacing by human means the seed dispersal service for oak trees provided by the birds. The
replacement cost per pair of jays in the park was estimated at SEK 35,000 – 160,000 (USD 4900 22,500), giving a total replacement cost for natural oak forest regeneration by jays in the park of SEK
15,000 – 67,000 (USD 2100 - 9400) per hectare.
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Kaiser and Roumasset (2002) estimate the value of groundwater recharge services provided by
tropical forests in Ko’olau watershed, Hawaii, with reference to the costs of replacing lost water
through desalination. The NPV of the groundwater recharge function was estimated at $1.42 to $2.63
billion.
Niskanen (1998) assessed the value of erosion control through reforestation projects in Thailand by
estimating the cost of replacing nutrients lost from eroded soil. This gave estimated benefits with a
net present value of 1169 to 2765 Thai baht (€23-55) per hectare, using a 10% discount rate.
Rosales et al (2005) estimated the value of water regulation by forests in Sekong province, Lao PDR,
with reference to the costs of provision of man-made flood defences. It was estimated that conserving
forests in the area saves annual flood control costs of $26.6 million, an average of $92 per hectare of
forest conserved per year.
Ruijgrok et al (2006) estimated the value of air quality maintenance by scrubland in the Netherlands
at €70-700 per hectare, by estimating the costs avoided by the reduced need for other air pollution
control measures. Avoided costs were also used to estimate the value of erosion control by grassland
at €27 per hectare and scrubland at €42.75 per hectare, and the value of water purification by
grassland at €11-€121 per hectare and scrubland at €0-609 per hectare.

Box 2 Further Estimates of the Value of Ecosystem Services through Replacement Costs
Emerton and Bos (2004) cite evidence from a variety of studies that have assessed the value of
ecosystem services by estimating the costs of replacing these through artificial substitutes:
 In Portland Oregon, Portland Maine and Seattle Washington it has been found that every US$ 1
invested in watershed protection can save anywhere from US$ 7.50 to nearly US$ 200 in costs for
new water treatment and filtration facilities.
 By conserving upstream forests in the Catskills range, New York City hopes to have avoided
investing an extra US$ 4-6 billion on infrastructure to maintain the quality of urban water
supplies.
 In Vientiane, the capital of Lao PDR, wetlands offer flood attenuation and wastewater treatment
services at a value of US$ 2 million per year, which existing urban infrastructure is unable to
provide. It has been estimated that these ecosystem services constitute investment savings of more
than $18 million in damage costs avoided and $1.5 million in the artificial technologies that
would be required to fulfil the same functions.
 A study of the value of the Nakivubo Swamp, Uganda, in purifying water used by Kampala found
that infrastructure required to achieve a similar level of wastewater treatment to that provided by
the wetland would incur costs of up to US$2 million a year in terms of extending sewerage and
treatment facilities.
 The annual costs of replacing the ecosystem services provided by the Martebo mire, Gotland,
Sweden, through technologies that would be required to replicate them, have been estimated at
$350,000 to $1 million. These services (and their replacements) included peat accumulation
(replaced by artificial fertilisers and re-draining of ditches), maintenance of water quality and
quantity (installing pipelines, well drilling, filtering, quality controls, purification plants,
treatment of manure, pumps, dams), moderation of water flow (pumps and water transport), waste
processing and filtering (sewage plants), food production (increased agricultural production and
import of foods), fisheries support (fish farming). Certain goods and services could not be

75

replaced.

 The annual cost of replacing the flood attenuation services of Muthurajawela Marsh, a coastal
peat bog in Sri Lanka, through an engineered drainage and pumping system, have been estimated
at $5 million, or $1750 per hectare of wetland.

Cultural Services
Recreation and ecotourism – the value of recreation and ecotourism is most correctly valued
using estimates of consumer surplus per visit, based on travel costs or stated preference
methods. These estimates will reflect the availability of substitutes – willingness to pay to visit
a particular site is likely to reflect the availability and value of alternative sites.
Existence values – existence values are usually estimated using stated preference studies to
measure willingness to pay to conserve sites and species. Willingness to pay should vary
according to the degree of substitutability of the resource in question – i.e. we would expect a
higher willingness to pay for sites, habitats or species which are scarce and have few
substitutes.
5.5

Substitution of ecosystem services by natural alternatives

5.5.1 Ecological determinants for the substitutability of ecosystem services
The potential for substitution of natural ecosystem services strongly depends on the
characteristics of the ecosystem at hand. Besides all methodological problems associated with
the economic evaluation of natural resources, uncertainty about the underlying functioning of
an ecosystem further increases the challenge. As all economic evaluations are based on the
assumption of marginal changes, it has to be ensured that the assumed changes are still
marginal. This is a very tricky task and often enough the existence of non-marginal changes
becomes only ex-post apparent when systems are collapsing.
To ensure that the assumed changes are still marginal it has to be ensured that a system is not
affected in its functional structure. This section will discuss ecological determinants of
ecosystem functioning, such as ecosystem resilience, a ‘safe’ minimum standard of ecosystem
structures and processes, cascading effects and critical thresholds and will show their impact
on the substitution of ecosystem services.
Resilience: Ecosystem resilience refers to an ecosystem's capacity to recover from disturbances
(Holling 1986). A loss of resilience leads to (and is defined by) an irreversible change in an
ecosystem, which subsequently becomes vulnerable to disturbances. ‘Clear lakes can suddenly
turn into murky, oxygen-depleted pools, grasslands into shrub-deserts, and coral reefs into
algae-covered rubble’ (The Swedish Environmental Advisory Council, no date). The
suddenness of changes can be explained by the non-linearity of (the combination of)
ecosystems (processes), which implies that the response to gradual pressure is in fact not
gradual. As a result, ‘the availability of ecosystem services may be dramatically altered at these
non-linear points for only minor changes in ecosystem conditions’ (Farber et al. 2002).
Safe Minimum Standard (SMS): The Safe Minimum Standard is a numerical value of a
selected parameter, e.g. net primary productivity. This value is in general uncertain, but chosen
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to be in some distance from the known or assumed critical threshold, below which the system
would collapse. The concept of SMS entails a ‘minimum quantity of ecosystem structure and
process (including area, diversity, populations, interactions, etc.) that is required to maintain a
well-functioning ecosystem capable of supplying services’ (Fischer et al. 2008). The margin
between these points reflects a high degree of uncertainty in the development of status of the
ecosystem.
Cascading effects: These effects relate to the physical interactions between ecosystems and
ecosystem services. Besides the identification of threshold values, it is very difficult to define
the boundaries of an ecosystem to ensure that all relevant consequences are taken into account,
as most ecosystem services depend on the interaction of several species among ecosystems.
Hence there is a big danger of an underestimation of effects if the boundaries are not set
correctly in the respective valuation studies. A good example, which describes these difficulties
of potential cascading effects, is provided by Moberg and Rönnbäck (2003). They discuss the
numerous interactions among mangroves, sea-grass meadows and coral reefs (see Figure 6).
The loss of mangroves has a direct impact on coral reefs, due to increased nutrient inputs in the
coastal waters. Hence, the services provided by the three ecosystems depend on the functioning
of each of the three systems, and a partial evaluation of one of them is likely to underestimate
the true impacts. Theoretically an evaluation should cover all three ecosystems – the functional
unit is called ‘seascape’. Moreover, the functions of the ‘seascape’ are influenced by other
terrestrial and oceanic ecosystems and their services, which makes the issue even more
complicated.
Figure 6 A heuristic figure of the interactions among the subsystems in the seascape.

The above example shows that ecosystem services cannot always be regarded to be produced
by separate ecosystems in isolation, as done in the COPI I exercise. This has consequences for
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their valuation as well as for the potential for substitution. In cases of linked but spatially
separate ecosystems, full substitution for lost services of one of the ecosystems, e.g. because
the mangrove is converted to shrimp production pools, would involve taking care of all the
dependencies of the other systems in the seascape. This principle holds of course also on land,
e.g. in a series of land, river and lake systems in a watershed.
Critical thresholds: As mentioned above, when talking about substitutability in the context of
ecosystems services, a particular attention has to be paid to critical thresholds. Within the COPI
calculations, a specific correlation between the size of an ecosystem and the provided service is
assumed. This is only applicable when the assumed changes in the ecosystems do not exceed
specific thresholds, beyond which the ecosystems would collapse.
Figure 7 Land use changes and rate of ecosystem services loss

100%

Threshold

Linear - used in COPI I
EV

Exponential decline

0%
Pristine

Area loss

Full area loss

Examples for these thresholds are tourist destinations or fish stocks. The loss of a small part of
a forest will not affect the recreation opportunities too much, but as soon as the forest does not
provide a sufficient habitat for touristic relevant flagship species, e.g. primates, the value as the
touristic destination will drop immediately. In the case of fish stocks, a drop in the population
below a critical number will lead to a sudden decline in the population, which cannot be offset
by natural reproduction rates. In addition, fragile ecosystems (e.g. coral reef) have been seen
to pass a tipping point / critical threshold as temperatures rise, leading to coral bleaching (death
of the coral), with due implications for a wide range of services. Similarly, a water body can be
close to ‘apoxia’ (lack of oxygen), and additional algae growth/eutrophication following
additional run off of fertilisers can lead to the oxygen content threshold being breached, and a
‘dead zone’ created (there are around 400 regular dead zones ‘created’ every year).
Applying the concepts of critical thresholds and safe minimum standards (SMS): As
indicated above, the ex-ante definition of critical thresholds is very difficult, which has led to
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the emergence of the concept of the SMS (creating a margin of safety) – e.g. for fish takes to
avoid fisheries collapse and bacterial content in waters to avoid health impacts. In the
following part of the chapter, examples will illustrate this concept.
Within a territory there are groups of species (often referred to as a meta-population9) that
interact with each other, helping the functioning of the ecosystems and the delivery of services.
A change in species can lead to a change in ecosystem functions and habitat fragmentation,
which in turn can also create affect the provision of ecosystem services. If you loose key
species (keystone species) it can lead to substantial effect to functionality, e.g. loss of bees and
pollination; beavers and water flow in rivers. Similarly if there is a critical loss of habitat (e.g.
mangrove as a fish breeding ground) or corridor (e.g. river for salmon migration
obstructed/fragmented by a hydrological dam, without measures to facilitate fish migration)
then there may be significant effects on the functioning, life and services provided by the
ecosystem The loss of some species may be less important (suggesting redundancy) as
different species may play the same function, or take over functions (see later discussion on
‘redundancy’ or nuanced picture). Put simply in a city, if 10 per cent of the general population
migrates, then the city still functions, but if the doctors, or rubbish collectors, representing a
much smaller share of the population, all migrate, then the city will no longer function.
Figure 8a depicts a meta-population consisting of five forests populations. If socio-economic
activities expand at the expense of ecosystems with less importance for the meta-populations,
the meta-ecosystem will still continue to function. The loss of 1/5 of the forest habitat will
correlate to an actual loss of 1/5 of the potential habitats. Figure 8b, in contrast, depicts a case
where development is planned at the expense of the key habitat. As a result, the whole metapopulation might gradually disappear and the species is at risk. Here, the loss of 1/5 of the
ecosystem area causes a loss of 100 per cent of the potential habitat for the species.

9

The concept of meta-population was developed in order to describe the dynamics of species in fragmented
habitats
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Figure 8 Interdependency of habitats for the dynamics of meta-population and
functioning of meta-ecosystem.

Meta-population (a)

Meta-population (b)

Figure 9 illustrates a situation where a forest is partly replaced by other land uses
(constructions, agriculture etc.). If half of the original forest is replaced, can the remaining half
still be regarded as the same ecosystem, or will a new equilibrium (i.e. another type of forest)
emerge? The Species Area Curve approach suggests that for any particular scale (local,
regional, continental, global) the loss of area leads to a non-linear (parabolic) decrease of the
number of species. This would suggest a definite change of ‘biodiversity’ in the remaining
forest ecosystem and possibly a change in the kind and number of ecosystem services
provided.
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Figure 9 What share of an ecosystem can be replaced without triggering an ecosystem
flip?



Box 3 Examples of ecosystem collapse (the simultaneous loss of most of its key species)
Victoria Lake
The significant increase since 1950 of nutrient inputs caused a considerable decline in water quality
due to eutrophication. The five-fold increase in algal growth led to the deoxygenation of water. This
resulted in near-total loss of the deepwater species. The periodic upwelling of hypoxic water kills a
large number of fish. The massive blooms of algae, in particular the toxic blue-green variety, are a
considerable threat to human health (American University, 1996).
Gulf of Mexico dead zone
The dead zone in the Gulf of Mexico is one of the largest in the world and is caused by nutrient (in
particular nitrogen and phosphorus) enrichment from the Mississippi river. The nutrient excess in river
waters is due to farming activities. The inevitability of hyper-eutrophication will lead to destruction of
habitat and changes in the food web. As a result, changes in species will occur. Especially damaging
effects are expected for fisheries (Bruckner 2008).
Ogallala Aquifer
‘The Ogallala Aquifer covers approximately 10,000 square miles from Texas to the Dakotas, and is a
major source of water for the High Plains. Unfortunately its water is being used faster than it is being
replenished, and the result is predicted by many to be serious eco-centric pressure on the area in the not
so distant future’ (Guru & Horne 2000).

5.5.2 Dimensions of substitution by natural means
‘Global gains in the supply of food, water, timber, and other provisioning services were
often achieved in the past century despite local resource depletion and local restrictions on
resource use by shifting production and harvest to new underexploited regions, sometimes
considerable distances away. These options are diminishing’ (MEA, CH2 P.46)
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By definition (e.g. MA, 2005), all ecosystems on earth provide services, at all time, to some
recipients, whether they realise this or not. Primary examples are of course the regulation
services, which contribute to the human environment through climate regulation, water
regulation, pollination by free living insect populations, etc. Provisioning services almost by
definition involve conscious acts of humans (agriculture, capture fisheries, managed bee
cultures for pollination), cultural services to some extent also (infrastructure for outdoor
recreation, obtaining information through observation and scientific analysis etc.). The socalled ‘supporting services’ can better be understood as the ‘back office’ work by ecosystems,
which does not deliver actual recognisable goods and services. They are usually included in the
concept of ecosystem functioning.
The whole concept of ecosystem services exists by the grace of the anthropocentric position of
the analyst. It pertains to the ‘taking the human species out of its natural ecosystem context’
and subsequently analysing the interdependencies between man and its environment.
For the cluster of provisioning services, which are characterized by the flow of biomass from
ecosystems to human economic and social processes (production, consumption), it holds that
they may include gathering and hunting only, and continuous substitution of products
(services) takes place. They may also include active management of the ecosystems (in
agriculture, fish farms, horticulture etc.) where examples of the substitution may include
genetic material in livestock and crops, use of different grazing areas, when fodder availability
changes, or use of alternative natural fertilisers.
Natural substitutes can be applied on different geographic or temporal scales. Considering
geographic substitution, the same service may be obtained from the same type of ecosystem
which is in a different location. Geographic substitution applies to provisioning and in some
cases also cultural services, while temporal substitution can be applied to the whole range of
provisioning, regulating, supporting and cultural services. With geographic substitution, the net
effects may be neutral (zero difference in total flow) if evaluated at the appropriate spatial
scale, i.e. the area which covers the original ecosystem as well as the one which takes over the
role of providing the service. The crucial issue is the limitation in space, again with artificial
boundaries. It refers to substituting diminishing services in location A by services from
location B, in another location, another country with or without fair compensation (mediated
through the trade market).
Box 4 below gives an example of geographic substitutability of provisioning services by
looking at fisheries. It highlights the limits to geographic substitutability.
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Box 4 Limits to geographic substitutability - Fishing down the marine food web.
The shifts and trends in fisheries practice offer a telling example of natural substitution at work.
Technological advances in fishing techniques as well as a shift in consumer preferences towards fish
products have led, over the last few decades, to the over-exploitation and depletion of numerous fish
stocks with 52% of all fish stocks fully-exploited and a further 17% over-exploited (FAO 2006). It is
high-value high-trophic (high on the food-chain) fish species that are traditionally targeted first. With
the depletion of these fish types fishing activity shifted to fish species lower down the food web. This
practice of replacing an over-fished stock with another situated at a lower trophic level has been
labeled fishing down the marine food web (Pauly et al 1998). It also leads to fleets having to change
fishing spots and shift to new fishing waters.
This is possible for larger, international fishing fleets but small-scale traditional fleets exploiting
local resources are limited in their geographic substitution options. Whilst this practice might lead to
an increase in landings at first, ultimately catches will fall as will their value (Pauly et al 2005). This
type of substitution is unsustainable and, ultimately, offers an imperfect replacement with a lower
value of service being offered.

Considering substitution in a temporal sense, current shortages in goods and services, e.g. due
to natural fluctuations, can be compensated by means of borrowing from future production by
ecosystems. In practice that means: harvest more than ‘sustainable’ now, but give the
ecosystem later time to recuperate (and maybe assist the ecosystem recuperation processes by
conservation management, restoration etc.)
Considering ecological redundancy, proponents of the ecological redundancy hypothesis argue
that cases exist where multiple species offer the same ecosystem service. In cases where a
number of species each offer the same services, the decline or extinction of one species will be
offset by other species because of their ecological equivalency (Walker 1992). This also has
implications on the resilience of ecosystems as losses can be offset. Whilst this situation would
seem to offer a number of natural substitution options an alternate theory highlight the limits to
this kind of substitution. An ecosystem may encompass a number of species each offering the
same service, some species may only offer this service under specific conditions thus limiting
the potential for substitution. When considering the impact of redundancy on ecosystem
resilience, the rivet hypothesis focuses on the exponential effect the loss of each species will
have on the function of an ecosystem and argues that whilst the loss of one species may have
little to no impact on the ecosystem as a whole, multiple extinctions will inevitably cause
disturbance to the ecosystem thus altering the level and quality of ecosystem services provided.
Furthermore, (Huitric et al, 2009) argue that it is not the number of species that helps sustain an
ecosystem but rather the existence within this ecosystem of different functional groups
(groupings of species each providing the same function).

5.5.3 An illustrative hypothetical analysis of ecosystem services by natural alternatives
The substitution may be specified (as in the COPI-I analysis) in terms of net benefits in
economic, monetary units: Ecosystem A provides Services A to Economy I which trades this
service (fully or partially) to Economy II, in exchange for another service (B) from Ecosystem
B. The current economic trade analysis is based on monetary, market based principles, with
hidden subsidies, political power and other distortions. A trade scheme in terms of ecosystem
services may reflect these distortions and provide a new basis for sustainable trade flows.
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In a series of three diagrams, a generic illustration is given of the substitution issue for the case
of natural alternatives. General principles are illustrated from a hypothetical common case. The
case example is a regional economy, with a forest ecosystem providing a major economic
resource, timber and pulp, which are partly exported (against a market price) as raw resources
and partly processed to develop furniture and paper, of which again a part is exported against
some market price (see figure 17,). The economy imports an assortment of goods and services
including fuels, for which is pays. It spends energy on forest management, harvesting and
internally in the economic system on the wood processing activities. All other features of this
regional system are ignored for this example only. The forest ecosystem of course provides
other provisioning services (non-wood products such as berries, game etc), regulating services
(climatic, hydrological etc) and cultural (outdoor recreation). The ‘?->€’ symbol indicates nonmonetised flows of services. Some of the other services flow cross-boundary, unpaid for. As
the graphs suggest, if the harvest increases over time, the other services decrease in some
fashion (see alternative graphs in Ch. 5 in the COPI I report). This may continue until the forest
has been completely harvested, which not only stops the flow of timber and pulp, but also stops
a great number of the other services. If the harvest is, however, continued at some sustained,
more or less constant level, the other services can be expected to stabilise at some submaximum rate of flow. The substitution issue in this example is focused on the provisioning
service (timber, pulp). What can be done if no harvesting is possible from the forest A, for
example because of designation as a conservation area?

Figure 10 A regional economy harvesting a forest ecosystem
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Figure 11 Substitution within the region
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In the second diagram (Figure 11), the example is therefore developed into a situation where
forest ecosystem A is no longer harvested, because of recreational and species conservation
purposes. The wood processing industry in the region, however, has made sure that its
existence is continued by moving the management/harvesting activities towards another
regional forest ecosystem (which is assumed to be available and not protected). The situation
of forest ecosystem B is now similar to that of A in the previous diagram (and - not
diagrammed –, if B was not harvested yet, it looked like A in this second diagram). Forest
ecosystem A may recover from its previous status and provide, more or less, the original set of
non-harvesting services again - still unpaid for. A number of economic processes may have
changed, such as increased taxes to allow for the cost of substitution (e.g. greater distance to be
covered between source and industry), or price hikes in the exported flows. For the total of the
regional ecological-economic system, substitution within the economic borders does obviously
not provide a fundament difference.
The third diagram (Figure 12) then illustrates the situation (such as e.g. in many state forests
the Netherlands) where the local production of commercial timber is completely stopped, in
favour of other services. To keep employment of the wood processing industry in the region,
timber and pulp are now imported from elsewhere (ca. 90 per cent of total demand in the
Netherlands), paid for from the revenues of the exported finished goods. Although the harvest
is taking place outside the regional economy (e.g. Scandinavia, Canada), the region does now
experience less free regulating services from these external forest ecosystems. At a higher
spatial level, this, again, is not a fundamentally different total of services. Substitution does not
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lead to more efficiency (in fact, less efficient if the assessment is based on energy units,
because raw resources have to be transported over greater distances). It does not alter the
overall picture of renewable resource use, but may regionally lead to a totally different type of
economy.
Figure 12 Substitution of local resource use by imported resources
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Some observations regarding substitution by natural means based on this example:
 In the first diagram, a system with only one forest in the region, there is a relative
scarcity of the of the goods and services derived from that forest as long as substitution
is possible from outside the region, and as long as the region has the financial means to
pay for those imports. In fact, Figure 10 illustrates the case where the forest has become
un-available for some services (i.e. timber, pulp), so these have become temporarily and
locally scarce, but this situation is resolved by importing these raw materials from
outside the region. So formally, there is no absolute scarcity as long as other sources can
be exploited. At some point, the degradation of forest or the obstruction of harvesting of
timber will, of course, lead to an absolute scarcity.
 This hypothetical region suggests that substitution of services from a forest by natural
means looks like a redistribution of the production of services in space. The total amount
of services and benefits, when viewed and measured at the appropriate spatial scale
(which covers all re-distribution activities), does not change. There may, however, be
small differences in benefits due to small differences in the forest ecosystems.
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 Prices of export / import flows are important in determining financial net-gain or net loss of the structural changes. In a more developed situation, the change in the region
may actually generate more revenues from tourists that spend money in the region to
visit the non-harvested forest ecosystem A.

Box 4 Case of the Veluwe in the Netherlands: a quantitative example
A Study in the Veluwe region (Baade & Van der
Schroeff, 2006) assessed the various ecosystem services
of the region and showed that the example given in
Figure 11 would actually be beneficial for the region,
i.e. giving up the monetary benefits of timber
harvesting - as the costs of the ESS lost (mainly
climate regulation and cultural services) are higher
than the returns from provisioning services).

Figure 13a and b: the Veluwe area (NL)

Provisioning ecosystem service: timber
 2 million Euros annually, based on ca. 44 Euros per
hectare, but a negative business result of 62 Euros per
hectare.
Climate regulation
 180,000 tons of CO2 annually, which at average prices
over the last few years is equivalent to 3.5 million Euros
per year.
Cultural ecosystem service: ‘recreation’
534 million Euros annually and over 9,000 full-time
jobs; over 10 million overnight stays (by Dutch people);
more than 600,000 by foreign tourists. And 125 health
related institutions in and around the Veluwe, gross
income of 1,100 million Euros annually, and more than
25,000 full-time jobs.

5.5.4 Evaluation of substitutability of ecosystem services by natural means
The ecosystem services of natural systems as defined by the MA are generally covering the
whole set of provisioning, regulating and cultural (and by definition supporting) services. Man
has optimised the production of food, fibre and other remunerative natural goods/services by
converting natural systems to provisioning systems, but at the expenses of many competitive
species, and often leading to a substantial loss of other ESS.
This means that substitutability of the whole set of ecosystems services provided by a natural
system by any other ‘converted’ version of that system is very limited at least. The crosses in
the table below illustrate this point. The number of ‘x’s indicate the abundance/value of an ES.
Terrestrial and marine biomes in the columns are ordered from left to right from natural to
more man-managed areas.
The ecosystem services of converted versions (land use types) in the various biomes can be
substituted for by other converted versions – though with differing degrees of substitution, and
different ‘collateral damage’ (losses of other ecosystem services as one moves from one land
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use to another). There can be some substitution in some areas across biomes (e.g. land to sea
for protein, or vice versa, often with a range of impacts on ecosystems and biodiversity),.
Eventually substitutability of services by other natural systems is often going to be very partial.
In other words, many potential benefits / values are given up in land conversion. There are
therefore some fundamental questions to ask as regards the ultimate value to society of
‘running down the natural capital’ and whether there is in fact true substitutability (income
more than compensates for loss of services). Recent analysis suggest that in some cases the
reduction in natural capital has led to GDP growth (i.e. apparent substitutability), but this GDP
growth relates to the reduction of the asset and not the services from the asset, and it is
questionable whether true new wealth is created overall.
Table 20 Table of ecosystem services (MA) vs. criteria with ‘substitutability’ comments
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Substitution of ecosystem services by artificial alternatives
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5.6.1 Substitutability of different classes of ecosystem services
Within this chapter, the substitutability of specific ecosystems in respect to potential artificial
substitutes is discussed along the lines of the aforementioned list of criteria (see Section 5.3.7).
Besides this very detailed view, one can also draw some general conclusion on a more abstract
level based on the inherent characteristics of the different types of ecosystem services. The
Millennium Ecosystem Assessment (2005) differentiates among four classes of ecosystem
services, namely provisioning, regulating, cultural and supporting ones.
Figure 14 Substitutability of different classes of ecosystem services
Supporting
Services
0
(zero)

Cultural
Services

Regulating
Services

Substitutability

Provisioning
Services
100
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Though the services differ within each of the four classes, one can postulate an increase in the
degree of substitutability from the group of the supporting services over cultural and regulating
services to provisioning services, which ranges from zero to perfect substitutability (Figure
above).
Supporting services, such as soil formation, photosynthesis etc., are not only from the
perspective of the current technological development the least substitutable ones, but are also
per definition out of the scope of economic evaluations. In contrary, provisioning services have
the highest substitution potential. The reason for this is that for many provisioning services
market prices are available (e.g. food and timber are traded, which offers the possibility for a
substitution with natural substitutes). In addition, good technical substitutes already exist (e.g.
food can be produced in greenhouses, natural fibre can be replaced by artificial materials,
natural pharmaceutics can be replaced by chemical ones etc.). The substitution potential of
cultural services can vary substantially along the substitutability axis: some recreational sites
are easier to be replaced by similar ones in another geographical area, whereas unique sites (for
example the Great Canyon in the US) are more or less non-substitutable. The same is true for
regulating services.
5.6.2 Substitution and the value of ecosystem services
The economic value of an ecosystem service for society is defined as the magnitude of its
physical changes as well as the unit value (factor price) of the specific service. The idea behind
considering the issue of substitutability is the assumption that the value of an ecosystem service
is a function of potential technical substitutes (see Figure below). There are a number of
substitutes available, which vary in their costs and potential (i.e. the share of an ecosystem
service which could be substituted). From an economic point of view, the least expensive
substitute should first be chosen for compensating the natural ecosystem service. However, the
total flow of a particular ecosystem service cannot be provided by only one substitute. After the
potential of the least expensive substitute is fully exploited, the next, more expensive measure
has to be implemented.
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Figure 15 Value of an ecosystem service as a function of the costs of potential artificial
substitutes.
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A quantitative case as example
An example is the substitution for drinking water, which might be required due to the pollution
of the natural freshwater resource. Potential artificial substitutes are: (1) water saving, (2) the
transport of water from more remote sources, (3) desalination, and (4) the import of bottled
water. The cost of implementation varies among these substitutes (see Figure 24). In general, it
can be assumed that the cheapest solution will be implemented first until its potential to
compensate for the lost ecosystem service is exhausted. Then, the second cheapest solution will
be implemented, and so on. This is especially relevant in the case of continuously degrading
ecosystems.
While water saving can be implemented at nearly no additional cost, the other substitutes are
accompanied by relatively high factor costs. Yuan & Tol (2004) state that ‘transport costs
range from a few cents per cubic meter to over a dollar’ depending on the technique used. 100
km of horizontal transport by pipelines are estimated to cost as much as €0.04 to €0.05 per
cubic meter of water transported, while in difficult terrain (where vertical transport is
necessary) costs might be ten times as high. Seawater desalination is estimated to cost around
€0.75 per cubic meter, depending on where in the world it is produced, which makes it an even
more expensive substitute. However, technological progress and economies of scale are
expected to lead to lower costs in the future (Yuan & Tol 2004).
Bottled water is clearly the most expensive substitute for drinking water. Its price can be
10,000 times as high as the price for tap water, amounting to €1.88 per litre (Earth Policy
Institute 2006). In developing countries, these high prices often lead to social problems, as the
poor share of the population cannot afford to pay for the substitute. Apart from social
considerations, the example of bottled water also illustrates the negative environmental impact
of certain substitutes. While tap water is distributed in a relatively energy-efficient way, the
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production and long-distance transport of bottles is energy and carbon intensive. Moreover, a
huge amount of packaging waste is produced. The same is true for the desalination alternative.
Here, not only high financial costs are involved, in addition the energy-consuming production
causes significant negative external effects (with consequences for an unknown spectrum of
ecosystem services).
Figure 16 Ecosystem Service and substitution potential
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The question whether the potential for substitution is already taken into account in market
prices and in estimates of non-market values of ecosystem services can be discussed along the
four categories of ecosystem services (MA 2005). The value of provisioning services, such as
food and fibre, can be determined by market prices. One can assume that the availability of
alternatives (which can be provided via trade with other regions, for instance) is factored into
the market price. Thus, the value of most (marketed) provisioning services takes the potential
for substitution into account. Both regulating and supporting services are largely non-marketed
services. Prices can only be revealed by indirect methods, such as the replacement cost method
or damage functions. For these services, one can hold that the concept of substitutability is not
or only partially inherent in the value estimation. Cultural services, such as recreation, are often
valued by stated-preference techniques. When people are asked for their willingness-to-pay for
a certain ecosystem service, one can assume that they are informed about available alternatives
when stating the amount they are willing to pay. Thus, one can argue that the value estimates
derived from stated preference techniques include the concept of substitutability. This shows
that also non-market values can – depending on the valuation method applied – be considered
to take concept of substitutability into account.
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5.6.3 Evaluation of artificial substitutes
This section summarises the results of the evaluation of a set of selected artificial direct
substitutes for the following regulating ecosystem services: (i) water regulation, (ii) water
purification and (iii) carbon storage. The table below gives an overview of the financial costs
associated with the implementation of evaluated artificial substitutes. Social and environmental
costs are not taken into account here. It should be noted that construction costs are highly site
specific and that the total financial costs associated with the implementation of the project
depend greatly on the local context. The table should therefore be regarded as illustrative. A
qualitative description of these substitutes is provided further below in this chapter, while the
complete results of the analysis are presented in Annex VII.
Table 21 Financial costs associated to the implementation and operation of artificial
substitutes
Artificial Substitute

Associated costs
Water regulation

Runoff diversion

negligible

Agricultural practices

Low, but very much correlated to the region and the respective production systems.

Embankments

€4 million per km [Source: NLWKN (2006)]

Flood reservoirs

€2490 – €3670 per m³ [Source: US Department of the Interior (2006)]

Groundwater infiltration

€0.75 – €7.50 per m3 [Source: Dillon (2005)]
Water purification

Agricultural practices

€1 – 23 per kgN (depending on the production system and the intended reduction
level) [Source: Bräuer (2002)]

Sewage treatment plant

€15.8 million @ 49 million litres per day [Source: Water Environment Federation,
City of Columbia (2007)]
For nitrogen removal, marginal costs of €6 – €25 per kgN and for phosphorous
removal costs of €20 – €35 per kgP are reported in Germany [Source: Grünebaum
(1993); Borchard et al. (2004)]

Water purification plant

€365 million (construction costs) and €17.2 million (O&M) per year; €0.29 per m³
[Source: Groundwater Replenishment System (undated)]
Carbon storage

Carbon capture and storage

€0.5 – €1.1 billion per plant; €35 – €50 per tonne of carbon abated [Source:
McKinsey (2008)]
Current trading price (ICE, April 2009): approx. €14 per tonne CO2 equivalent

Water regulation
Water regulation is a complex ecosystem service which covers runoff control, flood protection
and aquifer recharge. The three sub-services are strongly linked with each other: better aquifer
recharge and less runoff results in lower flood risk. There are a number of measures broadly
applied in developed countries which substitute for the original ecosystem service. For each of
the sub-services, two artificial substitutes were analysed.
• Runoff control

92

Runoff-control measures aim at decreasing surface-water run after heavy rains. The runoff
diversion measures and agricultural practices analysed within the study are relatively
affordable, easily applicable on the local or farm level and give positive results shortly after
being implemented. Runoff-diversion systems and water diversion systems comprise a number
of elements such as diversion banks, constructed water ways (channels), and sediment basins.
Strip cropping, mulching and counter ploughing are the basic agricultural measures that
contribute to runoff control. In comparison to the implementation of runoff diversion measures,
agricultural practices might appear to be a cheaper solution in the context of developing
countries. However, this only applies in case of appropriate environmental and climatic
conditions (soil structure, slope steepness, amount of precipitation, vegetation cover etc.). If
these conditions are not met, the priority should be given to more expensive runoff diversion
systems.

Summary of evaluation (see Annex VII for detailed information):
Accurateness of the substitutes: While the application of agricultural practices maintains most
of the functions of the original ecosystem service, run-off diversion measures do not fully
substitute ecosystem functions which were provided by a previously intact ecosystem, such as
runoff control through higher infiltration and deep water storage. Moreover, negative side
effects (such as erosion) might occur.
Limits of substitutability: There are only low limits with regard to the substitutability of the
original ecosystem service. Runoff diversion measures and agricultural practices can be
implemented within a short timeframe and do not require a particular technical knowledge.
Moreover, implementation of the substitutes is relatively inexpensive. Depending on the
regional context, however, site-specific conditions might influence feasibility of the
implementation.
Ethical implications: Implementation costs are low. As the substitutes are usually applied (and
financed) by individual farmers, no negative impacts on society occur. Benefits are received by
the ones who take the financial burden of the implementation.
• Flood protection
River embankments and flood reservoirs are massive and capital-intensive structures.
Embankments are constructed to prevent flooding of the adjoining land. They entail a number
of side effects including river degradation or aggradation, decrease of soil fertility outside the
embankment, drainage congestion and water logging in the protected area. Flood reservoirs
help to regulate water flows by storing water during heavy rains and releasing it slowly during
dry seasons. Their construction might result in irreversible ecosystem changes so that original
ecosystem services are not anymore provided. The construction of embankments and flood
reservoirs requires advanced engineering and planning capacities, as well as permanent
centralized monitoring and maintenance. In this regard, the transferability of substitutes from
developed to developing countries with weak institutions is low.
Summary of evaluation (see Annex VII for detailed information):
Accurateness of the substitutes: The substitutes can be classified as end-of-pipe measures,
which implies that their potential to substitute for all original ecosystem services is limited.
There are severe negative side effects connected to their implementation (population
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resettlement, loss of habitat, erosion), but also positive ones, such as the provision of new
arable land behind embankments or of recreation opportunities connected to a flood reservoir.
Limits of substitutability: In general, the potential for implementation of embankments and
flood reservoirs is highly dependent on site-specific conditions, such as river characteristics
and climatic conditions. The larger the size of the project is, the more do these factors have to
be considered. Moreover, planning, construction and maintenance of the substitutes is capital
intensive, which limits the application in poorer regions of the world.
Ethical implications: The high costs associated with these substitutes are the main factor which
makes their implementation questionable in developing countries. In countries where these
substitutes are realized, some parts of the population (downstream users) might benefit more
than others. In these cases, a fair share of the costs among population groups must be assured.
• Aquifer recharge
In response to a decrease in natural aquifer recharge (due to soil sealing, deforestation, intense
abstraction, or saltwater intrusion), artificial groundwater infiltration may be applied to
compensate for the original ecosystem service. Specific techniques include aquifer storage and
recovery, aquifer storage transfer and recovery, bank filtration, dune filtration, infiltration
ponds, percolation tanks, rainwater harvesting, and soil aquifer treatment. These techniques
may provide 1.000 – 1.000.000 m3 of fresh water per year (Dillon 2005). Implementation of
this substitute is relatively capital-intensive and requires a certain degree of technical
knowledge and engineering skills. Currently, application of this technology takes place mainly
in Australia and Southern Europe, but is spreading to developing countries (e.g. South Africa).
Summary of evaluation (see Annex VII for detailed information):
Accurateness of the substitute: The substitute covers most of the dimensions of the original
ecosystem service (i.e. the provision of fresh water), while the extent to which the original
ecosystem service can be substituted depends on the scale of the project.
Limits of substitutability: The degree of technical knowledge and the amount of capital
required to realize aquifer-recharge projects limit their applications in poorer regions of the
world (which often suffer most from groundwater depletion). Apart from that, regional
conditions might greatly determine the extent to which this substitute may compensate for the
original ecosystem service.
Ethical implications: The high costs associated to this substitute are the main factor which
makes its implementation questionable in developing countries. With regard to groundwater
depletion, agriculture can often be recognized as the main cause ( see example on the Ogallala
Aquifer in the US). In this context, the polluter-pays principle is often ignored when society as
a whole bears the costs associated to the implementation of aquifer-recharge projects (e.g. in
cases where projects are carried out by public water suppliers).

Water purification
Water purification is the process of removing undesirable chemical and biological
contaminants from raw water in order to produce water fit for a specific purpose. Most water is
purified for human consumption (drinking water), but may also be required for particular
medical, pharmacology, chemical and industrial applications. Water purification plants and
sewage treatment plants are artificial substitutes which are located on the opposite sides of
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water use: purification for consumption and purification before releasing the used water back
into the environment. In most parts of the world only water purification plants exist, while
sewage treatment plants are rare. Water purification includes filtration and sedimentation,
biological processes such as slow sand filters or activated sludge, chemical processes such as
flocculation and chlorination, and the use of electromagnetic radiation such as ultraviolet light.
Both measures are capital- and energy intensive. Moreover, sanitation norms and the control of
these norms are often not established in developing countries, which results in low incentives
for implementing any water purification measure.
Summary of evaluation (see Annex VII for detailed information):
Accurateness of the substitutes: Water purification plants and sewage treatment plants largely
fulfil the original ecosystem functions. However, the effectiveness of sewage treatment plants
depends on their specific features, i.e. their ability to filter all pollutants from the wastewater.
Often, such plants have problems coping with diffuse pollution. The residuals from purification
processes can have negative impacts on the environment.
Limits of substitutability: The amount of capital, engineering expertise and infrastructure
required are the main factors which determine the implementation potential of the substitutes.
The regional context (degree of contamination of drinking water) determines the needed
capacities and features of the plants. Increased pollution or the emergence of new infections
may restrict the effectiveness of the substitutes.
Ethical implications: Planning, construction and maintenance of water purification and sewage
treatment plants are capital intensive. This is the reason why many people in the poorer parts of
the world do not have access to clean drinking water. In countries where these substitutes are
realized, the polluter-pays principle is often not taken into account where large polluters
(agriculture or industry) determine the quality of the available freshwater.

Carbon storage
Carbon capture and storage (CCS) offers a technological opportunity to capture carbon from
emitting industries and thereby use geological reservoirs as artificial carbon sinks. The amount
of carbon that can be sequestered depends on the type of geological reservoir (oil, gas, saline).
The measure can significantly contribute to reducing atmospheric greenhouse gases (GHG) (up
to 55 per cent) and can be considered a relatively cost-effective option. A side-effect of the
substitute is the risk of carbon leakage from the storage, which can dramatically affect
groundwater quality, as well as human and the environment.
The value of the ecosystem service ‘carbon storage’ and the price of possible substitutes are
usually derived from the prices of carbon certificates traded at international carbon exchanges.
The price of carbon certificates does, however, not take account of all external effects of a ton
CO2 released to the environment. It does, therefore, not reflect the true price of the damage
caused. Moreover, when considering forest biomes, carbon storage is often regarded as the
most important service provided, at least from a global perspective. This does consequently
lead to an underestimation of the value of the natural ecosystem service, since more efficient
power plants (equipped with CCS technologies) cannot compensate for additional services
provided by forests.
Summary of evaluation (see Annex VII for detailed information):
Accurateness of the substitute: If applied, CCS facilities would capture most of the CO2
released by industrial plants and could thus contribute to mitigating climate change be reducing
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the amount of GHGs emitted. The risk of leakage connected to the artificial carbon sinks,
however, poses considerable risks to the environment and human health.
Limits of substitutability: The high degree of technical knowledge required for the
implementation of this substitute limits its application in developing countries. Furthermore,
the potential of the technology depends on the availability of geological reservoirs, which can
be used as artificial carbon sinks.
Ethical implications: Implementation of the substitute is extremely capital-intensive. Thus, its
application would probably be limited in developed countries. Where applied, the industries
would presumably pass on the costs of the projects to the consumers through increased product
prices. In this way, an equitable share of the burden would be assured.

5.6.4 Implications of artificial substitution for the values in the COPI database
In order to set out what the potential implications for the COPI exercise are, an assessment of
the following criteria seemed particularly useful:
 Accuracy of the economic value used (risk of using a partial substitute);
 Transferability (including regional context); and
 Affordability.
In this context, we considered the criteria for developed, emerging and developing countries.
The division into three global regions takes account of income inequalities among the world’s
countries as well as differences in institutional capacities to organise the potentially possible
substitution of the lost ecosystem services.
The final assessment of the implications for the values contained in the COPI database was
carried out on the basis of the following assumptions and taking into account the principle of
the least costly substitute available:
 In cases where the accuracy of the economic value used is doubtful, the value of the
original ecosystem service should – after a critical assessment – be adjusted. This
adjustment can be in both directions, depending on whether relevant costs or benefits of
the substitute have been taken into account or not.
 In cases where transferability is considered to be low, e.g. due to institutional problems,
the value of an original ecosystem service should be higher in the area to which the
value is transferred. This can either be an adjustment in a benefit-transfer exercise within
the COPI scaling-up procedure, or the information will be used to interpret existing
valuation studies from the region. Based on this information, the monetary value should
be adjusted.
 In cases where the implementation of a substitute is capital intensive, poor regions
(developing countries) will find it difficult to realise such a compensation measure
(affordability). Therefore, the same adjustments as mentioned in the above point should
be made.
The substitution of ecosystem services by artificial alternatives is often connected to
uncertainties, which are related to the specific regional context, spatial scale, and thresholds.
Appropriateness and side effects of the substitutes have direct impacts on the economic value
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of the original ecosystem service, as they determine the potential for implementation. The
following tables summarise the findings of the detailed assessment of artificial substitutes (in
Annex VII).
Table 22 Accuracy of the substitute used and effects on the economic value
Substitute

Appropriateness / side effects
on the economic value of ESS
Water regulation

Uncertainty (regional context,
spatial scale, thresholds)

Runoff diversion

low

Agricultural practices

low

Embankments

low

Flood reservoirs

high

Groundwater infiltration

high
Water purification

Sewage treatment plant

low

Water purification plant

low
Carbon storage

Carbon capture and storage
increase

slight increase

low
no change

slight decrease

decrease

In general, the classical economic approach of purchasing power parity (PPP) should be
applied when transferring the price of the substitute from one region to another. However, this
may result in an underestimation, as other factors such as strong or weak institutional settings
also influence the price of the substitute and therefore the value of the original ecosystem
service. The evaluation of artificial substitutes showed that the transferability criterion has a
significant impact on the price of the substitute (compared to other criteria) and, therefore, on
the value of an ecosystem service. The transferability factor must therefore be considered in
addition to the PPP adjustment. The table below shows the potential for substitutes being
transferred among global regions, based on the evaluation of potential substitutes according to
defined criteria (see Annex VII)
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Table 23 Potential for transferability of potential substitutes in the different regions.
Substitute

Runoff diversion

Substitute transfer from
Developed to
Emerging to
Developing
Emerging
Developed Developing
Water regulation
++
+++
++
++

Developing to
Developed Emerging
++

+++

+++
+

+++
++

++
+++

+++
+

++
n/a

+++
n/a

Flood reservoirs
Groundwater infiltration

+
-

++
++

+++
+++

+
-

n/a
n/a

n/a
n/a

Sewage treatment plant

+

Water purification
++
+++

-

n/a

n/a

Water purification plant

+

-

n/a

n/a

Carbon capture and storage

-

n/a

n/a

n/a

Agricultural practices
Embankments

++
+++
Carbon storage
-

n/a

+++ high potential ++ medium potential + low potential – no potential

The above findings have direct implications for the benefit-transfer exercise within the COPI
assessment. In cases where the potential for transferability has been estimated low, the value of
the original ecosystem service must be adjusted accordingly in the benefit-transfer exercise.
The table below summarises how the values for the three selected ecosystem services should be
adjusted when transferring them from one region to another.
Table 24 Implications of the potential for substitution on benefit transfer
Benefit transfer from
Ecosystem service

Developed to
Developing
Emerging

Emerging to
Developed Developing

Developing to
Developed
Emerging

Water regulation
Water purification
Carbon storage
increase

slight increase

no change

slight decrease

decrease

Table 24 shows that in developing countries, which often face financial constraints with regard
to the implementation of artificial substitutes, the original ecosystem services should be
estimated higher when transferring values from developed or emerging regions. The low
transferability of the substitutes, i.e. the low potential for implementation, would make an
intact ecosystem and its associated services more valuable in these countries. In contrast, a
value transfer from poor to wealthier regions would generally require a decrease of the value,
as the potential for implementation is usually higher in these regions.
This proposed adjustment of the values is based on the evaluation of the three factors, which
determine the substitutability of artificial substitutes: the accurateness of the substitute, the
limits of substitutability, and its ethical implications (see Annex VII for a detailed analysis).
These factors determine the overall transferability of a substitute, as expressed in Table 24.
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Regarding the values in the COPI database, the implications as summarised above can be
translated to value adjustments, which could potentially also be expressed in quantitative terms.
Deriving a quantitative adjustment factor, however, is prone to errors, as there is no scientific
base for such an exercise. The involvement of key experts in the area of environmental
valuation and benefit transfer – possibly in the context of the wider TEEB initiative – could be
one mean to derive such a factor.

5.6

Overall conclusions from Task 3
 Natural and artificial substitution of individual ecosystem services is possible. This fact
allows considering substitutes and their prices as determinants of the value of
ecosystems and their associated services.
 However, there are various pitfalls, which may interfere with the straight application of
the principles of substitutability. The interaction within and among ecosystems
determine the potential for substitution. Ecological determinants, such as ecosystem
resilience, the safe minimum standard of ecosystem structures and processes, and the
critical threshold for ecosystem functioning, influence the ability to compensate for
individual ecosystem services.
 These ecological constraints apply particularly when considering changes in biodiversity
on a per hectare basis. The existence of meta-populations and meta-ecosystems make it
difficult to predict the effects of ecosystem degradation on ecosystem services and
therefore the potential for substitution.
 Although the substitution of ecosystem services by natural and artificial substitutes is in
practical terms possible, the evaluation of individual substitutes has shown that there are
limits to the concept of substitutability. Compensating for original ecosystem services
can lead to negative economic, social and environmental effects. High financial costs
and site-specific conditions determine the ability to implement substitutes, which means
that developing countries are often put at a disadvantage. On a local scale, distributional
issues related to changes in the share of burden between groups and regions remain
largely unsolved.
 With regard to artificial substitutes, it needs to be determined whether their
implementation leads to adverse effects. Furthermore, a problem in this context is the
non-compatibility of certain substitutes. While artificial substitutes may be suitable to
compensate the loss of a single ecosystem service, they will most likely fail in cases
where an entire ecosystem with its variety of associated services needs to be substituted.
This effect is accelerated the bigger the losses are, either in respect to the geographical
region affected or in relation to the proportion of the ecosystem lost within a region.
 There are of course also positive side effects connected to the substitution of original
ecosystem services. For instance, the construction of embankments and flood reservoirs
as substitutes for the water-retention potential of a forest may result in the provision of
new, additional services, such as recreation opportunities or the provision of new arable
land.
 There may be a limited potential for substitution in terms of quantity. For instance,
Europe’s terrestrial biosphere alone represents a net carbon sink of between 135 and 205
gigatonnes per year, equivalent to 7–12 per cent of the 1995 anthropogenic carbon
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emissions (Janssens et al. 2003). A large-scale loss of these biotic carbon sinks would
significantly increase the demand for mitigation measures and would strongly affect
current carbon-allowance prices within the EU-ETS. In managing land, humans can
optimise the benefits of specific ecosystem services. Nevertheless, as these services are
not independent from another, trade-offs between the services will occur.
 Different types of trade-off can be identified: (a) Temporal trade-offs: often, benefits
from substitution occur now whereas costs occur later. For instance, land used for food
production may store progressively declining stocks of organic matter, with long-term
consequences both for nutrient cycling, and hence future fertility and carbon
sequestration. (b) Spatial trade-offs: the benefits of e.g. fertilizer/pesticide use occur at
the site of application, but the costs occur elsewhere when drinking water has to be
treated at a great expense by water companies.
 In the case of natural substitutes, the case study on the Netherlands, where the local
production of commercial timber is completely stopped in favour of other services, has
shown that a shift of preferences has taken place. The provision of cultural services,
such as recreation, is considered more valuable than gains from resource extraction.
 The lack of (monetary) data for a range of biomes and ecosystem services makes it
difficult to integrate the principles of substitutability into the valuation exercise.
Carrying out valuation studies for these under-researched areas should therefore be a
priority for future research.
 For those ecosystem services, which have been evaluated, one can note a general
underestimation of the values. In the benefit-transfer exercise within the COPI
assessment, these values should therefore be adjusted accordingly.
 So far, a qualitative assessment of the principles of substitutability and the implications
for the values in the COPI database has been carried out. In a further step, the
implications should be expressed quantitatively in terms of a multiplier, which specifies
by which factor the individual ecosystem services should be appreciated or depreciated.
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6

6.1

CONCLUSIONS AND RECOMMENDATIONS

TEEB D0 workshop’s outcome and feedback to the present study

The study benefited from useful insights, suggestions and examples shared at a joint workshop
of the COPI and The Economic of Ecosystems and Biodiversity (TEEB) D0 teams. The
workshop, which took place in Brussels on 1 April 2009, involved members of the European
Commission DG Environment, the European Environment Agency, the Convention on
Biological Diversity (CBD), the United National Development Programme (UNDP),
Conservation International (CI) and the Helmholtz Centre for Environmental Research (UFZ)
as well as the COPI and TEEB D0 teams. The workshop enabled us to present and discuss our
approach, enhance our understanding of other databases and initiatives, and identify new data
sources and opportunities for data sharing.
The expert consultations helped to signpost additional data sources (notably Conservation
International’s ConsValMap database and CBD technical reports). Consultations also enabled
some general discussion of the issues involved in identification and interpretation of values and
the construction of databases. They allowed the COPI team to further raise awareness of the
COPI work and to share the database with other users. In general the approach adopted
received favourable feedback, and very few detailed comments were received on the content of
the database or the methods employed. The TEEB D0 work however was insufficiently
advanced at the time of the study to provide additional data. It will be important to integrate
upcoming results from TEEB D0 and UNEP-LAT in future COPI work.
Key insights which were particularly useful for the COPI study are summarised in Annex VIII.
6.2

Key findings

The number of values found in the COPI II study increased significantly, making the overall
base of data more robust than in COPI I. However there are still a range of gaps due to lack of
studies being available. Coverage has particularly expanded in the following domains:
 Regions: North America, Brazil, Australasia, China, Other Asia and Africa.
 Biomes: temperate and tropical forests and grassland/steppe.
 Ecosystem services: provisioning services, recreation, cultural values, biochemicals,
climate regulation, water purification and control of natural hazards.
Additional values will be upcoming via the TEEB D0 and the UNEP-LAT work, which are
expected to complement future COPI works numbers in due course
Some reduction in the need for gap filling has been achieved. However in future COPI studies
the use of gap filling/benefit transfer methods (the four transfer methods used in COPI) will
still be needed in order to cover unavoidable information gaps. Nevertheless the improvements
in the number of values in COPI II should ensure that these are more representative and that
there are fewer gaps – and less need for assumptions and benefits transfer to fill them.
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The overall effect of the expansion of the database – when appropriate transfers were made to
other biomes – has been to reduce the ‘high’ estimates in COPI I significantly, but to increase
the estimated changes in service value relative to the ‘low’ estimates. The main contributors to
the changes relative to the COPI I ‘high’ estimates were reductions in the previously very large
estimates of service values for air quality maintenance and soil quality maintenance. The
increase relative to the ‘low’ estimates of service value in COPI I instead resulted from the
inclusion of values where none were previously available.
On the gap filling the work concentrated on identifying sensitive areas and looking for
additional information to substantiate or fine tune the existing methods and assumptions. The
step by step examination of the model and some partial testing have indicated that the most
sensitive areas in the model are: (a) the graphs / coefficients matrix for the relationships
between ecosystem services and land use type /biodiversity level; (b) the allocation of
economic factors to regions; and (c) the Carbon market growth function. As benefit transfer is
such an important part of the COPI analysis, it will require further focus before a potential
future COPI analysis can fully be done.
The increase in the numbers of values from the literature has reduced the need for and
sensitivity to a range of assumptions (notably gap filling) on the final results. The database,
however, still contains relatively few values relating to different land uses, and patchy
coverage across different world regions. Therefore there is a continuing need to rely on
benefits transfer within biomes and across biomes to estimate the value of services delivered
by different land uses. The patchy regional coverage means that it remains necessary to
estimate global reference values and then apply these to different world regions.
A comparison of the COPI II figures for different biomes and services suggests very wide
variations in service delivery, with relative values declining steeply for most services. Tropical
forest delivers the highest values for provisioning and regulating services, while temperate
forests have highest values for recreation and cultural services, reflecting their greater
proximity to relatively wealthy populations in developed countries.
With regard to the issue of substitutability, it is noted that historically it has almost been
assumed that we work and live in world where globally there is effectively unlimited
substitution, so a loss of ecosystem (and their related services) locally could be made up for by
a supply from somewhere else, using either natural or artificial substitutes. It has also been
assumed that the price effects of substitution are generally not dramatic and social impacts not
of overriding importance.
However, it is now increasingly clear that there are limits to substitutability and to the
availability of both natural and artificial substitutes, and that these can have important
economic and social implications. In some cases there will be non-linear effects on price.
Therefore, for those ecosystem services evaluated in the COPI database, it can be assumed that
there is a general underestimation of the values. From a valuation perspective, the cost of
substitutes can be a useful proxy of the value of ecosystem services. Though these should be
seen as gross approximations rather than directly indicative of value.
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6.3

Recommendations

The coverage of the database by biome, region and service is uneven. This reflects uneven
coverage in the literature. The database still holds no (or very few) entries for some regions
(Japan/Korea, Russia/Caucasus, Eastern Europe and Central Asia and Polar regions), biomes
(ice, tundra, boreal forest, cool coniferous forest, warm mixed forest, savannah and hot desert),
and ecosystem services (especially ornamental resources, temperature regulation, regulation of
human diseases and technology development from nature). While for some biomes this can be
due to issues related to definitions used in the literature (e.g. nuances in the definition of
different type of forests), there are undoubtedly some regions, biomes and services that would
benefit from more attention.
Furthermore, evidence about the value of changes in service delivery resulting from land use
change is patchy, and further evidence would be beneficial to inform the COPI assessment.
The lack of (monetary) data for a range of biomes and ecosystem services makes it difficult to
integrate the principles of substitutability into the valuation exercise. Carrying out studies for
these under-researched areas should therefore be a priority for future research.
The need for gap filling has been reduced by increasing the extension of the database, but
substantial gaps still exists and benefit transfers will always be needed to cover all range of
biomes, land uses and services. Even using gap filling some elements will have to be left blank,
e.g. biomes with little info such as tundra, and equally services for which there is too little
information.
The COPI II analysis enabled a rough analysis of the ratios of the services values provided by
different biomes obtained through the literature. This information could potentially guide
benefits transfers across biomes. However, it should be noted that the ratios are based on small
sample sizes and are sensitive to the treatment of unusual and outlying values; and the extent to
which these ratios can be applied to other services is uncertain. Therefore such an approach
might best be used as a source of information rather than a tool that could be directly applied in
a benefits transfer exercise.
While some progress was made in COPI II though the expansion of the dataset on the basis of
existing studies, additional analysis of values in D0 database will help further clarify benefit
transfers and gap filling. Furthermore, additional analysis of physical relation of ESS functions
and services across land uses and biomes will be needed. This is recognised by experts as a
vast and complex exercise, given the complexity of ecosystem functions links to biodiversity
components, geographic conditions and social and economic context. Each step in the
improvement of the analysis should be seen as a step forward, but not a final step.
It is clear that the issue of substitutability of ESS by natural and non-natural means offers some
important conclusions both as regards the limit to substitutability (ecological, social economic)
and the implications for decision making and assessments. An important lesson is that the
whole set of ESS should be taken into account in any assessment of substitutability. In
addition, the social, geographic, distributional and temporal aspects have also to be considered.
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The extensions of the COPI database has allowed both an increase in the coverage of ESS and
biomes from COPI I and also helped iron out some over-simplistic assumptions in the original
work. The overall effect of the expansion of the database – when appropriate transfers were
made to other biomes – has been to reduce the ‘high’ estimates in COPI I significantly, but to
increase the estimated changes in service value relative to the ‘low’ estimates. The main
contributors to the changes relative to the COPI I ‘high’ estimates were reductions in the
previously very large estimates of service values for air quality maintenance and soil quality
maintenance. The increase relative to the ‘low’ estimates of service value in COPI I instead
resulted from the inclusion of values where none were previously available.
The value estimates used are highly sensitive to the treatment of outlying values. The
exclusion of some particularly high estimates depresses the mean in COPI II. It should be
noted that a more conservative approach has been taken to the estimation of values than in
TEEB D0, with a consequence that the mean values identified are significantly lower.
Ultimately, it is difficult to determine the correct and representative values to be used in an
exercise such as this without a detailed mapping of the characteristics of the biomes as a whole.
Whether a final estimate will be lower than COPI I will depend on additional numbers to come
from D0.
The current improvements on the base input numbers and the status of the current gap filling
and benefits transfer approaches are not yet sufficient for a new COPI analysis that could
replace the current numbers out in the press and being referenced widely. The team would
recommend that the database of input numbers is worked on further, including some new
primary research for such a next stage.
We understand that additional ongoing work in D0 is needed and being carried forward. We
believe that it does not make sense to run a new COPI analysis without the benefits of new data
from D0, even if the extended database and improved methodological assumptions would
allow a partial improvement. Any new COPI assessment would have to be a major
improvement of the first COPI assessment, given that there are already numbers out in the
public domain and only a fundamental improvement merits putting a new number out there.
It is understood in that in TEEB Phase 2 work there is interest in new aggregate estimates at the
cost of policy inaction and also on the cost of policy action. In order to develop new COPI
numbers it will be important to integrate the results from COPI and TEEB D0, as this will give
another level of comprehensiveness.
It should be noted that, throughout the COPI II work, the COPI database has been passed to D0
and UNDP to help insure others could benefits from the work., hence some links between the
two already exist - which can potentially make a future integration of the two datasets easier.
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ANNEX 1 METHODOLOGY – SUPPORTING TABLES COPI I
Table A1 Multipliers for Gap filling (the General MSA is presented as a comparator – the values used to fill the gaps are those for the
individual services).

Regulating services

Air quality maintenance

Soil quality maintenance

Climate regulation (i.e. carbon
storage)

Temperature regulation,
precipitation
Water regulation (i.e. flood
prevention, timing and magnitude
of runoff, aquifer recharge etc.)

Erosion control

Water purification and waste
management

Regulation of human diseases

Biological control and pollination

Natural hazards control / mitigation
(i.e. storm and avalanche
protection, fire resistance etc.)

Climate services

Recreation and ecotourism

Technology development from
nature (bionica)

0.2
0.0
0.7

0.9
0.1
0.5

0.2
0.0
0.7

0.9
0.9
0.5

0.9
0.1
0.5

0.9
0.1
0.5

0.9
0.1
0.5

1.0
0.1
0.6

0.9
0.1
0.5

0.9
0.1
0.5

0.9
0.1
0.5

0.9
0.1
0.5

0.9
0.1
0.5

0.9
0.1
0.5

0.9
0.1
0.5

1.0
0.5
0.6

0.9
0.5
0.5

1.0
0.5
0.6

1.0
0.5
0.6

1.0
0.5
0.6

90%
90%
50%

0.3

0.8

0.8

0.3

0.8

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.4

0.3

0.4

0.5

0.4

30%

0.1

1.0

1.0

0.1

1.0

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

10%

0.5

0.7

0.7

0.1

0.7

0.5

0.5

0.5

0.5

1.0

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.2

0.3

0.2

0.2

0.2

50%

0.7

0.5

0.5

0.2

0.5

0.7

0.7

0.7

0.7

0.1

0.7

0.7

0.7

0.7

0.7

0.7

0.7

0.8

0.7

0.8

0.8

0.8

70%

0.1

0.0

0.0

0.1

0.0

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

5%

Primary production (gas, oil, clay,
sand, salt, shelves, gravel), nutrient
cycling, soil formation

Fresh water

0.2
0.0
0.7

Supporting services

Ornamental resources

0.9
0.9
0.5

Cultural diversity, spiritual and
religious values, educational
values, etc
Living comfort due to
environmental amenities

Biochemicals, natural medicines,
pharmaceuticals

Supporting services

Food, fibre, fuel

Natural areas
Bare natural
Forest managed
Extensive
(agriculture)
Intensive
(agriculture)
Cultivated and
managed areas,
woody biofuels
Cultivated land,
grazing area
Artificial
surfaces and
associated areas

Cultural services

Provisioning services

Description
area 2000

Regulating services

General MSA

Provisioning services
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Partial estimation
scenario
Fuller Estimation
scenario
1
2.8 2.8 2.8
2.8 2.8
3.59 2.8
2.8 2.8
2.8 2.8
2.8
2.8
2.15

2.8
2.8 2.8 2.8
2.8 2.8 11.37 2.8
2.8 2.8
2.8 2.8
2.8
2.8
2.8

2.8 2.06
2.8

2.8
2.8

2.8

Note: 2.8 = Average EU rate for GDP per capita and by population for period
Separate transfer values are used to transfer to other regions across the world (addressing different GDP/capita and population rates)
Source of variants from 2.8: FEEM
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Technology development from nature
(bionica)

Recreation and ecotourism

Living comfort due to environmental
amenities

Cultural diversity, spiritual and
religious values, educational values,
inspiration, aesthetic values, social
relations, sense of place and identity,
cultural heritage values

Natural hazards control / mitigation
(i.e. storm and avalanche protection,
fire resistance etc.)

Biological control and pollination

Regulation of human diseases

Water purification and waste
management

Erosion control

Water regulation (i.e. flood prevention,
timing and magnitude of runoff,
aquifer recharge etc.)

Temperature regulation, precipitation

Climate regulation (i.e. carbon storage)

Soil quality maintenance

Air quality maintenance

Fresh water

Ornamental resources

Biochemicals, natural medicines,
pharmaceuticals

Food, fibre, fuel

Table A2 Time inflators for 2000 to 2050

ANNEX II IMPLICATIONS OF UPDATING THE DATABASE FOR THE
COPI ASSESSMENT
The analysis in Section 3 suggests that a number of changes could be made to the
values used in the COPI assessment, based on the expanded database of values. This
annex provides a commentary on the implications of these new values for the COPI
assessment. The changes in values that might be applied to each of the biomes and
services affected are discussed in turn. In each case comparison is made with the
values of each service included in the ‘high’ or ‘fuller’ value scenario in COPI 1, as
well as the overall effects on the total service biome under both the ‘low/partial’ and
‘high/fuller’ estimation scenarios in COPI 1.
6.3.1 Savannah
No original values were used in the COPI 1 assessment. Figures have been found for
provisioning, biochemicals and cultural values (at 2.4, 0.2 and 0.1 euro/ha/yr
respectively). For the first two these compare to the zero values used in the COPI 1
assessment. For cultural services they are substantially lower than the assumed values
used in COPI 1 (116 euro/ha for natural areas; ‘high’ estimate). However, the COPI 1
figure was extrapolated from other biomes rather than being based on evidence for the
savannah biome itself. The overall effect of these changes would be to have a small
negative effect on the COPI values relative to the ‘high’ estimate in COPI 1 and a
very marginal increase relative to the ‘low’ estimate (which was zero).
6.3.2 Grassland
The following changes could be made to the COPI analysis:
•

•
•

•
•
•

Provisioning Services - the expanded database contains six values with a mean
of 49.9 compared to the previous value of 106. This is treated as relating to
‘extensive’ land uses. If the new mean is included this reduces the absolute
values in the database. However, the effect on the COPI assessment is less
clear as modification of grasslands is assumed to increase productivity (from a
lower value base).
Biochemicals, natural medicines and pharmaceuticals – the COPI 1
assessment identified no value for grassland. A new value of zero has been
identified, which makes no change to the analysis.
Fresh Water – no value for this service was included in the COPI 1
assessment. A new value of 358.7 euro/ha/yr (European equivalent) has been
identified but is not considered robust or representative. Therefore no change
is proposed.
Air Quality. The COPI 1 assessment used transfer values for this service. A
new value of 358.7 euro/ha/yr (European equivalent) has been identified but is
not considered robust or representative. Therefore no change is proposed.
Climate Regulation. The new database gives a mean value of 88 euro/ha/yr
(from 5 values) compared to a previous mean of 36 (3 values). Including this
would slightly increase the COPI value estimates.
Water Regulation. No change is proposed as a result of the evidence review.
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•
•

•
•
•

Erosion Control. The analysis suggests a slight increase in the mean value
from 23 to 33.8 euro/ha, providing a large outlying value is excluded.
Water Purification and Waste Treatment. The mean of the database values
falls from 240 to 80 euro/ha/yr, if a large outlying value is excluded. This
brings the values for this biome more in line with forest values (which they
exceeded substantially in the COPI 1 assessment).
Cultural Values. This service is problematic due to the few data points and
difficulty of deciding how to treat outliers. The previous mean of 112 could
be retained but there is concern that it may be a significant over-estimate.
Recreation and ecotourism. No figure was included in the COPI 1 assessment,
while a new figure of 8 euro/ha/yr has been identified from the task 1 evidence
review.
The overall effect of the above changes would be a modest reduction in the
overall estimated service values for the biome relative to the COPI 1 ‘high’
estimate but a significant increase relative to the ‘low’ estimate.

6.3.3 Scrubland
The updated database suggests the following changes in estimated service values
relative to COPI 1:
• Provisioning Services – The mean value of 438 compares to the previous mean
of 779 (which was used in both the ‘low’ and ‘high’ estimation scenarios).
However, even this looks high compared to figures for other biomes. It is
included in the absence of an alternative estimate. This is treated as referring
to extensive land uses.
• Air Quality Regulation – The figure of 793 from the COPI 1 assessment is
based on a single Dutch study and unlikely to be representative of the biome
more widely. In the absence of further data this has been divided by 10 (on the
assumption that high values such as this occur on only 10% of scrubland area).
This has knock on effects for estimates for some other biomes which are based
on this. The negative effect of this on the estimates would be large, relative to
both the ‘low’ and ‘high’ COPI 1 values.
• Climate Regulation – No change proposed
• Erosion Control – No change proposed
• Water Purification and Waste Treatment – The figure of 838 from the COPI 1
assessment is based on a single Dutch study and unlikely to be representative
of the biome more widely. In the absence of further data this could be divided
by 10 (on the assumption that high values such as this occur on only 10% of
scrubland area).
• Cultural Values – A new figure of 5.2 has been identified to replace the 112.4
used previously. The latter was based on adjustment of a very large single
study estimate of 1124, which might best be excluded from the analysis.
• The overall effect of these changes would be to reduce the values used in the
assessment substantially, relative to both the ‘low’ and ‘high’ values used in
COPI 1.
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6.3.4 Mediterranean Shrub
There were no values in the COPI 1 database so all estimates used in the assessment
were based on assumptions and transfers. The following values have been identified
and added:
• Provisioning of food, fibre, fuel – 180 euro/ha/yr (no figure used in COPI1);
• Biochemicals, pharmaceuticals and medicines – 6 euro/ha/yr (no figure used in
COPI 1);
• Water purification and waste treatment – 16.7 euro/ha/yr (much lower than the
transferred value used as the ‘high’ estimate in COPI 1);
• Cultural diversity and values – 20.3 euro/ha/yr (lower than the transferred value
used in the ‘high’ estimate in COPI 1);
• Recreation and ecotourism – 27.5 euro/ha/yr (higher than the transferred value
used in the ‘high’ estimate in COPI 1).
• The overall effect of incorporating these changes would be to reduce the
estimated total service value relative to the ‘high’ value estimate assumed in
COPI 1, but to increase it relative to the zero value assumed in the ‘low’
estimation scenario.
6.3.5 Tropical Forest/Tropical Woodland
The updated analysis suggests the following changes relative to the service values
used in COPI 1:
• Provisioning services – no value was used in COPI 1. A new value of 254
euro/ha/yr for managed forest has been identified.
• Biochemicals, pharmaceuticals and medicines – A revised figure of 35.7
euro/ha/yr has been identified. This is based on 11 values, excluding outliers,
and is considered more representative than the previous value of 514
euro/ha/yr in COPI 1 (which was based on 5 values).
• Fresh water - A new, slightly lower figure of 7.6 euro/ha/year (compared to 9.6
euro/ha/yr) has been identified, based on an extra data point.
• Air quality maintenance – A new figure of 8.9 euro/ha/yr has been identified.
This is much lower than the ‘high’ estimate used in COPI 1 which was based
on transfer of values from other biomes and was unlikely to have been
representative of the value of this service across the biome as a whole.
• Soil quality maintenance – The previous figure of 1176 euro/ha/yr, based on
dividing by five a value of 5881 derived from a 1996 study in South America,
should be replaced by a value of zero. This is because it is unclear how this
service benefits people except through the delivery of other services, and there
is a need to avoid double counting (i.e. soil quality contributes to functioning
of forest and hence other provisioning and regulating services). There would
be knock on effects for other biomes as this figure had previously been
transferred across biomes.
• Climate Regulation – A new estimate of 896 euro/ha/yr has been identified
(based on a mean of 19 data points). This compares with previous figures of
1455 for tropical forest and 367 for tropical woodland, derived from transfer
of figures from other biomes.
• Water Regulation – A new estimate of 135 euro/ha/year has been identified, one
tenth of the estimate of 1356 euro/ha/yr used in COPI 1. This is based on 7
values and considered more representative of the wider biome.
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• Erosion control – A new figure of 406 euro per hectare per annum has been
identified (no figure was used in COPI 1).
• Water Purification and Waste Treatment – A new figure of 445 euro/ha/yr has
been identified (based on 10 data points) much larger than the COPI 1 figure
of 104 euro/ha/yr (based on a single data point).
• Biological control and pollination – A new figure of 141 euro/ha/yr has been
identified; this is a significant increase on the COPI 1 value which was based
on a transfer of values from other biomes.
• Natural hazard control – A new, higher figure of 22.9 euro/ha/yr has been
identified (based on 3 data points) compared to the COPI 1 figure of 6
euro/ha/yr (based on a single data point).
• Cultural diversity – A new value of 125 euro/ha/yr has been identified (based on
14 data points) compared to COPI 1 figure of 8 euro/ha/yr (based on 2 data
points)
• Recreation and ecotourism – A new higher figure (141 compared to 91
euro/ha/yr) has been identified, based on a much larger number of data points
(18)
• Primary Production etc – These supporting services were given a value of 1115
euro/ha/yr in COPI 1. These services provide no direct benefits to people – it
is therefore recommended that the value should be changed to zero to avoid
double counting with other services.
• The overall effect of making the above changes would be to marginally increase
estimates of total service value relative to the ‘low’ estimate used in COPI 1,
but to reduce them significantly relative to the ‘high’ estimate.
6.3.6 Temperate Forest
The updated analysis suggests the following changes relative to the service values
used in COPI 1:
• Soil quality maintenance – it is proposed that the figure used in COPI 1 is reset
to zero (please see explanation under tropical forest, above).
• Water regulation – a new, figure of 275 euro/ha/yr has been identified, lower
than that used in COPI 1.
• Water purification and waste treatment – a new, higher figure of 155 euro/ha/yr
has been identified (based on 5 data points) compared to the previous estimate
of 104 euro/ha/yr (based on a single data point).
• The overall effect of making these changes would be a substantial reduction in
the ‘high’ estimates used in COPI 1, but a significant increase in the ‘low’
estimates.
6.3.7 Temperate and Boreal Forests - Provisioning, Climate Regulation,
Recreational and Cultural Services
The values in COPI 1 were based on a detailed analysis of the value of these services
by forest type, rather than on extraction of values from the database. No amendments
are therefore proposed to these figures.
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6.3.8 Effects on Total Service Values
The overall effect of these changes – when appropriate transfers are made to other
biomes – would be to reduce the estimated value of services delivered by natural areas
in each biome by between 13% and 74% relative to the COPI 1 ‘high’ estimates. The
changes relative to the ‘low’ estimates used in COPI 1 would mixed – there would be
substantial increases for some biomes but a reduction for scrubland.
The main contributors to the changes relative to the COPI 1 ‘high’ estimates would be
reductions in the previously very large (but questionable) estimates of service values
for air quality maintenance and soil quality maintenance. The increase relative to the
‘low’ estimates of service value in COPI 1 would result from the inclusion of values
where none were previously available – the ‘high’ estimates were based on transfers
of values in these circumstances. The lower value for scrubland is because the COPI
1 estimate was based on some high estimates specific to this biome (and hence
included in the ‘low’ estimation).
The overall net effect of making these changes would be to reduce the ‘high’
estimates in COPI 1 significantly, but to increase the estimated changes in service
value relative to the ‘low’ estimates.
Table: Effects on Total Service Values
Biome
Boreal forest
Savannah
Grassland and steppe
Tropical forest
Tropical woodland
Tundra
Scrubland
Warm mixed forest
Temperate mixed forest
Cool coniferous forest
Wooded tundra
Temperate deciduous forest
Mediterranean shrub

Value (Natural Areas, Euro/ha/yr)
Previous Estimates: Revised Estimate
Low
High
515
4134
1511
0
2644
444
401
1507
1317
2412
6311
2589
0
3695
2439
0
0
0
2357
2808
728
623
5088
2274
879
4411
1841
282
4094
1472
0
0
0
785
4420
1851
0
2121
483

% Change relative to:
Low
High
Estimate
Estimate
-63%
194%
-83%
∞
-13%
228%
-59%
7%
-34%
∞
0%
∞
-74%
-69%
-55%
265%
-58%
109%
-64%
422%
0%
∞
-58%
136%
-77%
∞
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ANNEX III - SELECTED CASE STUDIES ABOUT FOREST REGULATION
SERVICES
The following case studies provide relevant insights on the studies used for
ascertaining some of the values on regulating services for forest biomes used in the
COPI database.
Item
Full reference
of paper –
authors, year,
title, reference
Summary

Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service
(covered by the
study)
Units used in
the study
Value

Range
of
values
Time basis of
value
Year of value
Standardized
value – units
used
Standardized
value

Valuation
method
Location
Comments

Notes
Rosales, R.M.P., Kallesoe, M.F., Gerrard, P., Muangchanh, P., Phomtavong, S., and
Kahmsomphou, S. (2005), ‘Balancing the Returns to Catchment Management: The
Economic Value of Conserving Natural Forests in Sekong, Lao PDR.’ IUCN Water,
Nature and Economics Technical Paper No. 5, IUCN – The World Conservation
Union, Ecosystems and Livelihoods Group Asia.
The study estimates the total economic value of regeneration of natural forests in
Sekong Province, Lao PDR, including watershed protection and flood control. The
forest biome under analysis is mainly mixed deciduous forest, including rare, endemic
and threatened species. The area under analysis is a priority region of WWF's
Ecoregion Conservation Programme.
Water regulation [9], erosion control [10], natural hazard control/mitigation [14].
Natural and managed
Varied, mainly mixed deciduous. Contains rare, endemic and threatened species,
priority region of WWF's Ecoregion Conservation Programme.
Other Asia - OAS
Watershed protection, flood control.

US$/ha/yr
Total watershed protection functions include the following values:
Fisheries & aquatic resources: 0.47 US$/ha/yr
Agricultural production: 2.5 US$/ha/yr
Micro-hydropower facilities: 0.003 – 0.02 US$/ha/yr
Potential hydropower supply: 233-1,581 US$/ha/yr
Flood control: 92.3 US$/ha/yr
Micro-hydropower facilities: 0.003 – 0.02 US$/ha/yr
Potential hydropower supply: 233-1,581 US$/ha/yr
Annual
2003
2000 US$/ha/yr

Total watershed protection functions include the following values:
Fisheries & aquatic resources: 0.44 US$/ha/yr
Agricultural production: 2.35 US$/ha/yr
Micro-hydropower facilities: 0.003 – 0.02 US$/ha/yr
Potential hydropower supply: 219-1,486 US$/ha/yr
Flood control: 86.7 US$/ha/yr
Damage costs avoided (using production value of fisheries, agriculture and
hydropower).
Lao PDR, Sekong Province.
The analysis is conducted on the Sekong watershed (28,815km2). Benefits from
protecting watershed for agricultural take into account lowland and irrigated rice
production (upland rice harvesting, instead, is causing erosion). Flood control services
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are valued by estimating the cost of planned hydropower dams if these were built to
protect from flooding.
Item
Full reference of
paper – authors,
year,
title,
reference
Summary

Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units used
Standardized
value
Valuation method
Location
Comments

Item
Full reference of
paper – authors,
year,
title,
reference
Summary
Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)

Notes
M. Verma (2000), ‘Economic Valuation of Forests of Himachal Pradesh’, Report
to Indian Institute of Forest Management (IIED), Himachal Pradesh Forestry
Review.
The study estimates the economics values of the goods and services provided by
Himachal Pradesh forests, which serves as a major watershed area. It provides a
value per hectare for a set of regulating services (watershed, microclimate). The
forest biomes under analysis are moist tropical, dry tropical, montane sub-tropical
forests, montane temperate, sub -alpine and alpine scrub. The methodology used is
based on valuation techniques and benefits transfer.
Water regulation [9], climate regulation [7].
Natural and managed
Tropical forest
South Asia - SOA
Watershed protection, flood control.

Rs/ha
Watershed, microclimate: Rs200,000/ha
Annual
2000
2000 US$/ha/yr
Watershed protection: 4347 US$/ha/yr
Microclimatic factors: 8.5 US$/ha/yr
Benefit transfer
Himachal Pradesh, India
The study reports estimates drawn from different valuation studies conducted in India
and similar countries (no primary survey was conducted). We suggest not using the
value for watershed protection as it is quite high compared to the other studies
reviewed, and the reasons for this difference are not clear from the methodological
point of view.
Notes
Kaiser, B. and Roumasset, J. (2002), ‘Valuing indirect ecosystem services: the case
of tropical watersheds’, Environment and Development Economics, 701-714.

The study provides estimates of the indirect ecosystem benefits of watershed
protection by tropical forests.
Water regulation [9]
Tropical forest
North America - NAM
Watershed protection
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Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units used
Standardized
value
Valuation method
Location
Comments

US$

Item
Full reference of
paper – authors,
year,
title,
reference
Summary

Notes
Howard, P. (1995), ‘The economics of protected areas in Uganda: costs, benefits
and policy issues’, Dissertation for University of Edinburgh,

Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units
used
Standardized
value
Valuation
method
Location
Comments
Added by
Item
Full reference of
paper – authors,
year,
title,
reference
Summary
Ecosystem
service code

US$ 1.42bn (3% discount)
Annual
2002
2000 US$/ha/yr
1022 US$/ha/yr
Production function and modelling to obtain shadow prices
USA, Hawaii (Ko'olau Forest)
Size of watershed: approx 97,760acres (40,000ha)

The study estimates the overall costs and benefits associated with Uganda's protected
area system.
Water regulation [9]
Tropical forest, savannah woodland and natural high forest mixed with grasslands
(protected area)
Africa - AFR
Watershed protection

US$/yr
US$ 13.8million/yr
Annual
1995
2000 US$/ha/yr

4.63 US$/ha/yr
Value of fish catch
Uganda
Aline/Paulo/Anil
Notes
Ammour, T., Windervoxhel, N. and Sencion, G. (2000), ‘Economic Valuation of
Mangrove Ecosystems and Sub-tropical Forests in Central America’. In M. Dore
and R. Guevara (eds), Sustainable Forest management and Global Climate Change,
Cheltenham: Edward Elgar, 166-197.
The study estimates the value of loss of watershed functions in Guatemala forests.
Water regulation [9], erosion control [10], primary production, nutrient cycling, soil
formation [19].
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Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value

Range of values
Time basis of
value
Year of value
Standardized
value – units
used
Standardized
value
Valuation
method
Location
Comments

Item
Full reference of
paper – authors,
year,
title,
reference
Summary
Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units
used
Standardized
value
Valuation
method

Tropical forests.
Other Latin America & Caribbean - OLC
Watershed protection, prevention of nutrient loss and soil erosion.

US$/ha/yr
Watershed protection values:
Prevention of nutrient loss: 12 US$/ha/yr
Prevention of soil erosion: negligible
Annual
2000

For soil erosion: cost of soil replacement and preventing soil loss.
For nutrient loss: replacement costs based on fertilizer prices.
Guatemala.
The reported watershed protection unit values (per hectare) are small, but they result
in high total values as the watershed areas are large. The available studies focus on
single services of watershed protection.
Notes
Kumari, K. (1996), ‘Sustainable Forest Management: Myth or Reality? Exploring
the Prospects for Malaysia, Ambio, 25, 7, 459-467.

The study estimates the value of loss of watershed functions in Malaysia forests.
Water regulation [9]
Tropical forests.
Other Asia - OAS
Watershed protection

US$/ha/yr
Protection of irrigation water: 15 US$/ha/yr
Protection of domestic water supplies: 0 US$/ha/yr
Annual
1996

Protection of irrigation valued at productivity of water in crops. Protection of
domestic water supplies valued at treatment cost for improved quality.
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Location
Comments

Malaysia
The reported watershed protection unit values (per hectare) are small, but they result
in high total values as the watershed areas are large. The available studies focus on
single services of watershed protection.

Item
Full reference of
paper – authors,
year,
title,
reference
Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units
used
Standardized
value
Valuation
method
Location
Comments

Notes

Item
Full reference of
paper – authors,
year,
title,
reference
Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value

Hodgson, G., and Dixon, J. (1988), Measuring Economic Losses due to Sediment
Pollution: Logging versus Tourism and Fisheries’, Tropical Coastal Area
Management, 5-8.
Erosion control [10],
Tropical forests.
Other Asia - OAS
Fisheries protection

US$/ha/yr
268 US$/ha/yr
Annual
1988

Value of fisheries protection from avoided logging.
Philippines.
The value is high because of the presence of in-shore fisheries industries.
Notes
Bann, C. (1999), ‘Contingent Valuation of the Mangroves of Benut’, Johor State,
Malaysia. Report to DANCD, Copenhagen.
Erosion control [10], natural hazard control/mitigation [14].
Tropical forests.
Other Asia - OAS
Watershed protection, fisheries protection.

US$/ha/yr
Shoreline protection: 845 US$/ha/yr
Fisheries protection: 526 US$/ha/yr
Annual
1999
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Standardized
value – units
used
Standardized
value
Valuation
method
Location
Comments
Item
Full reference of
paper – authors,
year,
title,
reference
Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units used
Standardized
value
Valuation method
Location
Comments
Item
Full reference of
paper – authors,
year,
title,
reference
Ecosystem service
code
Land use type
Biome
Geographic region
Ecosystem service
(covered by the
study)
Units used in the
study
Value
Range of values
Time basis of
value

Value of watershed protection functions. Shoreline protection and fisheries
protection by mangrove forest.
Malaysia.
Notes
Yaron, G. (2001), ‘Forest, Plantation Crops or Small-Scale Agriculture? An
Economic Analysis of Alternative Land Use Options in the Mount Cameroun Area,
Journal of Environmental Planning and Management, 44 (1), 85-108.
Natural hazard control/mitigation [14].
Tropical forests.
Africa- AFR
Flood protection.

US$/ha/yr
Flood protection: 24 US$/ha/yr
Annual
2001

Value of avoidable crop and tree losses
Cameroun.
Notes
Bann, C. (1998), ‘Turkey: Forest Sector Review - Global Environmental Overlays
Program, Final Report, Washington DC, World Bank.
Natural hazard control/mitigation [14], Erosion control [10]
Tropical forests.
OECD Europe - EUR
Flood protection, soil erosion.

US$/ha/yr
46 US$/ha/yr
Annual
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Year of value
Standardized value
– units used
Standardized value
Valuation method
Location
Comments
Item
Full reference of
paper – authors,
year,
title,
reference
Ecosystem service
code
Land use type
Biome
Geographic region
Ecosystem service
(covered by the
study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized
value – units used
Standardized
value
Valuation method
Location
Comments
Item
Full reference of
paper – authors,
year,
title,
reference
Ecosystem
service code
Land use type
Biome
Geographic
region
Ecosystem
service (covered
by the study)
Units used in the
study
Value
Range of values
Time basis of
value
Year of value
Standardized

1998

Replacement costs of nutrients from soil erosion and costs of flood damage.
Turkey
Notes
Hougner C., Colding J., Soderqvist T. (2006), ‘Economic valuation of a seed
dispersal service in the Stockholm National urban park, Sweden’, Ecological
Economics 59, 364-374.
Biological control and pollination [13]
Oak forest (?)
EUR
Pollination services

US$/ha

2100-9400

2000

Replacement costs
Sweden, Stockholm National Urban Park
Notes
Rickets, T.H., Daily, G.C. and Michener C.D. (2004), ‘Economic value of tropical
forest to coffee production’, Proceedings of the National Academy of Sciences of the
United States of America.
Biological control and pollination [13]
Tropical forests.
OLC
Pollination services to agriculture

US$/ha

127-129

2000

129

value – units used
Standardized
value
Valuation method
Location
Comments

Value of coffee production
Costa Rica
-
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ANNEX IV - ASSESSING CARBON SEQUESTRATION SERVICES FROM
AGRICULTURE
This Annex presents a review from the CASES and CLIBIO projects10, which
provided values on carbon sequestration services for agriculture used in the COPI
study. The methodology and assumptions used and key findings are summarised
below.
Background
We analysed 33 European countries, and we grouped them into four latitude intervals,
according their geographical location: Mediterranean Europe (Latitude N35-45°),
Central-Northern Europe (Latitude N45-55°), Northern Europe (Latitude N55-65°)
and Scandinavian Europe (Latitude N65-71°). This geographical grouping is
presented in the table bellow.
Table 25 Geographical grouping of the 33 European countries
Geographical
groupings
Mediterranean Europe

Latitude classification

Countries included

Latitude N35-45°

Central-Northern
Europe

Latitude N45-55°

Northern Europe

Latitude N55-65°

Scandinavian Europe

Latitude N65-71°

Greece, Italy, Portugal, Spain, Albania, Bosnia and
Herzegovina, Bulgaria, Serbia and Montenegro,
Turkey, TFRY
Austria, Belgium, France, Germany, Ireland,
Luxembourg, Netherlands, Switzerland, Croatia,
Czech Republic, Hungary, Poland, Romania,
Slovakia, Slovenia
Denmark, United Kingdom, Estonia, Latvia,
Lithuania
Finland, Norway, Sweden

Carbon in the cropland and grassland soil
Quantitative data regarding cropland and grassland areas, included crop products, for
the year 2005, are derived from the FAO database (FAOStat) and disaggregated at
national level. Carbon in the cropland and grassland soil is regulated by two opposite
processes: climate effects, in terms of soil temperature and moisture, will tend to
speed decomposition and cause decrease/release of carbon soil, while net primary
production will increase carbon storage (Brussard et al., 2007). By means of the
model ATEAM the quantity of carbon stocked in the soil to 30 cm of depth was
10 CASES project is a Coordination Action on ‘Cost Assessment of Sustainable Energy Systems’ funded by the

European Commission under the Sixth Framework Programme, Sustainable Energy Systems in 2006. The
project builds on state-of-the art methodologies to arrive at a dynamic assessment of full costs (external plus
private costs) of the electricity generation technologies in EU countries and in selected non-EU counties,
including Turkey, Brazil, India and China, and calculate the values of GHG emissions and costs by each
technology at present, in 2020 and in 2030 under energy scenarios. CLIBIO is an international research project
on the Impacts on ‘Climate Change and Biodiversity Effects’ funded by the European Investment Bank. The
project focuses on two major research areas: (1) the macro-economic implications of climate change impacts,
and (2) the use of micro-econometric valuation tools to assess the economic costs of climate related biodiversity
losses. The second area aims to examine the potential of micro-econometric valuation tools, including market
and non-market methodologies, to assess the economic value of biodiversity and its role on the provision of
ecosystems goods and services.
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estimated. The future trends of the selected indicators are projected individually for
the period of 2005 to 2050 based on the results of IPCC circulation model, where
greenhouse gas concentration and climatic and socio-economic conditions are the
drivers of the land use changes (Nakicenovic and Swart 2000; Schöter et al. 2004). As
a consequence, we are able to present four different development dimensions of
agricultural ecosystem goods and services in Europe, that are consistent with the four
IPCC storylines: A1FI, A2, B1 and B2. The IPCC storylines reported by the Special
Report on Emission Scenarios (SRES) have respective specifications in terms of
population growth, CO2 concentration, degree of temperature changes, and change of
precipitation in Europe (Nakicenovic et al., 2000), see table bellow. Each scenario
family provides a narrative description of alternative futures that goes beyond
11
quantitative scenario features calculated with HadCM3 . Temperature-change
scenarios in Europe vary regionally but show a general trend toward warming.
Changes in precipitation are considerable in the scenarios B1 and B2, instead in the
first two scenario they are irrelevant. According to the IPCC definition, A1FI, A2, B1
and B2 storylines are distinguished in terms of four future development paths, i.e.
‘global economic’ oriented, ‘local economic’ oriented, ‘global environmental’
oriented, and ‘local environmental’ oriented, respectively. The two economic oriented
scenarios (A1FI and A2) focus on ‘material consumption’, while the two
environmental oriented scenarios (B1 and B2) are mainly concentrated on the
concepts of ‘sustainability, equity and environment’.
Table 26 Summary of the basic socioeconomic, atmospheric, and climatic drivers
based on model outputs forced by SRES scenarios

6

Population (10 )
CO2 concentration (ppm)
∆ Temperature (°C)
∆ Precipitation Europe (%)

Storyline A1FI
376
779
4,4
-0,5

Storyline A2
419
709
2,8
0,5

Storyline B1
376
518
3,1
4,8

Storyline B2
398
567
2,1
2,7

Source: adapted from Schöter et al. 2005

Results
The driving forces for agricultural land use change are: world demand and supply,
market intervention (through agricultural policy), rural development policy,
environmental policy pressure, impact of EU enlargement, resource competition (e.g.
biofuels), as well as the role of the international organisations such as the WTO.
According to these variables, one is expected to have a decline in surface areas of
agricultural land use for the A (economic) scenarios, related to the technological
development that allows to obtain the same level of productivity in less land. This
area reduction is compensated by increasing of biofuel production, forest land use and
urban expansion.
11 HadCM3, Hadley Centre Couplet Model Version 3 is a coupled atmosphere-ocean GCM developed at the
Hadley Centre.
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Declines in agricultural areas are less for the B (environmental) scenarios, for which,
however, productivity is limited by policy mechanisms, as extensification,
substitution of food production by energy production and the planting of trees
(Schröter et al., 2004).
The decrease in soil carbon is significant for all scenarios, most pronounced in the
A1FI scenario and least pronounced in the B1 scenario. In some cases, land use
change (from abandoning croplands) slows the decline in soil carbon such that it
counteracts the loss induced by climate change.
Technological development also has the potential to slow the decrease in soil carbon,
but this depends upon how much of the potential increase in net primary production
(NPP, plant growth) due to technological improvements is translated into carbon
inputs - see tables below.
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Table 27 Total carbon (1,000t to 30 cm depth) stocked in cropland soil on 2050.
Latitude

35 to 45

45 to 55

55 to 65

65 to 71

Country

2000

A1FI

A2

B1

B2

Greece

1160,0

308,3

509,0

526,5

650,4

Italy

2395,5

1197,8

1237,9

1514,9

1603,4

Portugal

532,9

113,8

218,6

192,5

262,5

Spain

3205,1

702,0

1407,3

1378,8

1884,1

Albania

144,7

136,3

120,4

123,9

97,8

Bosnia and Herzegovina 205,5

214,5

189,5

195,0

153,9

Bulgaria

854,0

736,8

650,8

669,8

528,4

Serbia and Montenegro

837,5

728,6

643,5

662,4

522,6

Turkey

5687,1

5144,8

4543,7

4676,9

3689,7

TFR of Yugoslav

1590,0

116,8

103,2

106,2

83,8

Austria

386,4

307,4

329,0

435,8

450,5

Belgium

140,3

127,2

81,8

137,6

107,5

France

3203,4

2484,9

2312,3

3078,5

3021,5

Germany

3674,4

2669,4

2769,3

3740,7

3786,1

Ireland

431,5

37,6

48,5

44,4

56,5

Luxembourg

2,5

0,5

1,1

1,0

1,4

Netherlands

266,9

276,6

181,3

299,6

254,6

Switzerland

101,6

131,7

117,5

173,9

167,3

Croatia

308,9

358,2

316,2

325,6

256,8

Czech Republic

875,1

810,8

718,4

742,3

585,3

Hungary

547,4

519,1

451,1

465,2

361,3

Poland

2459,4

2288,0

2041,0

2100,4

1655,9

Romania

2972,0

2796,3

2473,3

2542,0

2013,6

Slovakia

665,8

81,4

72,1

74,1

58,7

Slovenia

20,9

152,1

133,1

137,8

106,1

Denmark

1239,8

1010,3

640,0

1114,7

867,8

United Kingdom

3094,0

2228,1

1545,9

2528,3

2120,6

Estonia

532,5

382,9

339,4

349,5

277,2

Latvia

824,6

447,5

396,4

408,3

324,1

Lithuania

1355,4

1285,6

1140,0

1173,2

929,9

Finland

1130,4

128,9

208,8

161,9

261,0

Norway

434,9

166,6

145,0

172,3

184,5

Swed en

1419,2

860,1

957,9

1091,5

1229,7

Total

42703,2

28952,5

27044,8

31347,3

28556,4

Source: CLIBIO
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Table 28 Total carbon (ton per ha to 30 cm depth) stocked in cropland soil on
2050.
Latitude

Country
Greece
Italy
Portugal
Spain

35 to 45

Albania
Bosnia and Herzegovina
Bulgaria
Serbia and Montenegro
Turkey
TFR of Yugoslav
Austria
Belgium
France
Germany
Ireland
Luxembourg
Netherlands

45 to 55

Switzerland
Croatia
Czech Republic
Hungary
Poland
Romania
Slovakia
Slovenia
Denmark
United Kingdom

55 to 65

Estonia
Latvia
Lithuania
Finland

65 to 71

Norway
Swed en

2000

A1FI

A2

B1

B2

292,42

292,38

292,49

292,59

291,64

200,09

202,32

201,69

201,44

200,36

170,53

171,80

168,02

168,45

166,49

158,89

160,17

160,72

160,30

159,32

205,48

206,67

205,73

205,70

204,45

205,48

206,67

205,73

205,70

204,45

205,48

206,67

205,73

205,70

204,45

205,48

206,67

205,73

205,70

204,45

205,48

206,67

205,73

205,70

204,45

205,48

206,67

205,73

205,70

204,45

256,71

258,94

258,59

259,56

257,84

103,51

114,53

112,18

112,37

109,95

166,93

169,19

170,11

170,05

168,90

295,99

299,06

298,14

297,65

297,06

413,31

422,61

421,85

421,53

420,43

88,55

102,30

100,93

101,48

98,45

293,66

297,17

296,47

295,38

295,25

246,51

251,03

246,74

247,20

245,78

233,15

239,35

238,13

238,15

236,71

233,15

239,35

238,13

238,15

236,71

233,15

239,35

238,13

238,15

236,71

233,15

239,35

238,13

238,15

236,71

233,15

239,35

238,13

238,15

236,71

233,15

239,35

238,13

238,15

236,71

233,15

239,35

238,13

238,15

236,71

482,24

482,83

482,12

482,40

482,48

462,77

466,36

466,13

465,98

465,32

472,50

474,60

474,13

474,19

473,90

472,50

474,60

474,13

474,19

473,90

472,50

474,60

474,13

474,19

473,90

496,88

491,95

493,18

492,10

492,49

503,33

502,37

501,45

501,03

501,01

498,14

495,58

495,70

495,41

495,37

Source: CLIBIO
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Table 29 Total carbon (1.000t to 30 cm depth) stocked in grassland soil on 2050
Latitude

35 to 45

45 to 55

55 to 65

65 to 71

Country

2000

A1FI

A2

B1

B2

Greece

197,22

72,43

69,87

143,93

94,34

Italy

244,18

114,08

105,86

135,39

141,53

Portugal

50,36

19,52

20,72

25,85

22,89

Spain

654,57

264,34

270,35

652,92

512,99

Albania

22,03

6,96

9,78

6,61

7,58

Bosnia and Herzegovina 63,40

17,27

24,27

16,41

18,81

Bulgaria

105,82

31,10

43,71

29,56

33,87

Serbia and Montenegro

111,58

29,07

40,86

27,64

31,67

Turkey

633,99

240,37

337,84

228,51

261,85

TFR of Yugoslav

34,08

10,36

14,56

9,85

11,29

Austria

225,18

108,98

95,77

223,26

146,43

Belgium

106,52

94,52

50,57

108,46

64,04

France

939,19

583,24

422,71

821,66

527,26

Germany

667,31

383,16

319,92

585,02

423,15

Ireland

506,50

244,87

204,32

530,00

227,28

Luxembourg

6,41

2,89

3,05

6,97

4,02

Netherlands

135,89

155,29

62,79

142,31

99,69

Switzerland

141,48

81,89

60,99

137,66

107,73

Croatia

115,76

53,67

74,08

50,06

58,03

Czech Republic

93,66

35,59

49,12

33,19

38,48

Hungary

127,24

38,62

53,30

36,02

41,76

Poland

435,58

123,75

170,80

115,42

133,80

Romania

507,25

171,17

236,26

159,65

185,07

Slovakia

89,58

19,14

26,43

17,86

20,70

Slovenia

35,19

11,14

15,38

10,39

12,05

Denmark

25,48

21,07

9,17

25,14

11,92

United Kingdom

1189,82

828,51

601,90

1224,92

824,59

Estonia

27,26

10,13

14,24

9,51

11,19

Latvia

90,50

27,46

38,54

25,76

30,31

Lithuania

50,77

39,25

55,23

36,84

43,40

Finland

18,30

7,60

7,28

17,99

11,25

Norway

13,03

5,72

5,10

13,52

8,08

Sweden

83,59

38,27

39,39

89,15

64,64

Total

8062

4028

3684

6019

4439

Source: CLIBIO
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Table 30 Total carbon (ton per ha to 30 cm depth) stocked in grassland soil on
2050.
Latitude

Country
Greece
Italy
Portugal
Spain

35 to 45

Albania
Bosnia and Herzegovina
Bulgaria
Serbia and Montenegro
Turkey
TFR of Yugoslav
Austria
Belgium
France
Germany
Ireland
Luxembourg
Netherlands

45 to 55

Switzerland
Croatia
Czech Republic
Hungary
Poland
Romania
Slovakia
Slovenia
Denmark
United Kingdom

55 to 65

Estonia
Latvia
Lithuania
Finland

65 to 71

Norway
Swed en

2000

A1FI

A2

B1

B2

37,53

35,91

36,07

36,19

35,40

50,16

51,68

52,24

52,02

51,14

60,09

61,91

62,80

63,24

61,26

63,55

66,70

67,91

67,46

66,56

52,83

54,05

54,76

54,73

53,59

52,83

54,05

54,76

54,73

53,59

52,83

54,05

54,76

54,73

53,59

52,83

54,05

54,76

54,73

53,59

52,83

54,05

54,76

54,73

53,59

52,83

54,05

54,76

54,73

53,59

112,87

115,44

115,21

116,06

114,71

120,63

144,81

142,54

142,91

140,33

82,53

89,19

90,41

90,42

89,36

118,78

129,65

129,00

128,01

127,89

109,99

122,46

121,40

120,90

120,04

101,69

118,72

118,07

118,64

116,64

123,87

143,42

142,39

140,40

140,71

87,93

97,02

96,73

96,98

95,76

107,29

120,09

119,47

119,29

118,18

107,29

120,09

119,47

119,29

118,18

107,29

120,09

119,47

119,29

118,18

107,29

120,09

119,47

119,29

118,18

107,29

120,09

119,47

119,29

118,18

107,29

120,09

119,47

119,29

118,18

107,29

120,09

119,47

119,29

118,18

117,43

116,51

117,06

115,86

116,29

103,31

113,18

112,93

112,41

111,69

110,37

144,15

146,00

144,06

144,94

110,37

143,51

145,16

143,37

144,17

110,37

144,80

146,84

144,75

145,70

150,03

147,37

150,20

147,50

148,76

116,35

121,38

122,14

121,45

121,65

147,17

157,92

158,12

157,04

157,52

Source: CLIBIO
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ANNEX V - ECONOMIC VALUATION OF CARBON STOCKS BASED ON
CASE PROJECTS - METHODOLOGICAL NOTE
The methodology used for estimating the value of carbon stock in the current study,
which built on the EU funded ‘CASES’ project, is described in detail below. This was
more elaborated that the simplified approach used for other variables in the model
(e.g. market prices or GDP growth) and better reflect the complexity of carbon
valuation.
The impact pathway of the emissions of greenhouse gases (GHG) is extensive as
compared to the impact pathways of conventional air pollutants, both in time and in
space. GHGs are stock pollutants that through their building in the atmosphere cause
an increase in temperatures and changes in related climate variables at a global scale
and over a long time period. Thus the reduction of the GHG emissions and the
stabilization of the GHG concentration in the atmosphere are the important targets of
current mitigation policy for halting climate change. However, appropriate
policymaking requires a good understanding of the damage costs of GHG emission
and global warming. In particular since the time period over which the impacts of
current emissions occur extends the lifetime of the gasses in the atmosphere because
of extensive time lags in the climate system, it makes precise damage assessment
difficult and received lot of attention in the academic world.
The current methodology review is based on a recent EC funded project, CASES,
which stands for ‘Cost Assessment of Sustainable Energy Systems’ for EU countries
and the selected non-EU countries, including Turkey, Brazil, India and China. The
study aims at providing a comprehensive and dynamic assessment of the full costs of
electricity generation based on the state-of-the art methodologies, taking into account
both geographical and temporal extend of the impacts and social economic impacts,
such as health and safety, economic production and consumption, recreation, and
environmental and natural assets caused by climate change. In particular, with the
help of Integrated Assessment Models (IAM), the project is able to combine the
dynamics of global economic growth with the dynamics of geophysical climate
dynamics so as to estimate the cost of GHG emissions under different energy
evolution paths in 2020 and 2030.
The estimates of marginal damage costs of carbon in CASES project are built on
various available estimates produced by IAM’s in recent years. Being aware of the
fact that different IAM’s are usually designed with their own specific strengths,
weakness, and possibly subjective biases, the initiative of CASES is to count for most
IAM information by largest number of researchers to reduce the bias in the original
model. In addition, the choice of some parameter values, such as the social discount
rate and the elasticity of utility, are necessary before using the IAM’s. Furthermore,
the equity weighting of damages is considered to be different across different regions
as the impacts of climate change may affect people in very different economic
circumstances. Finally, the most recently updated IAM’s assessment is preferred.
Given all above mentioned considerations, the CASES project adopted the value of
social costs of carbon estimated by the UK Department for Environment, Food and
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Rural Affairs (DEFRA, 2005) for it is reflexive to the policy context in which the
values are used, and it combines the results of number of IAM’s in a transparent
matter. The DEFRA study distinguishes between a central guidance value and upper
and lower estimates. The values are based on full Monte Carlo runs of the FUND and
PAGE models, in which all parameters varied to reflect the uncertainty surrounding
the central parameter values in both models. The lower and upper bounds are the 5per
cent and 95per cent probability values of the PAGE model, while the central guidance
value is based on the average of the mean values of the FUND and PAGE models. A
declining discount rate is used as suggested by the UK Government ‘Green Book’.
The equity weighting of damages in different regions is applied to aggregate the
regional damage costs to global damages, in other words, damages in richer regions
receive lower weights and damages in poorer regions receive higher weights. The
underlying emissions scenarios are the IPCC SRES A2 scenario for PAGE and an
emissions scenario for FUND that is in-between the IPCC IS92a and IS92f scenarios.
Both models predict rising marginal damages of emissions over time, that is, the
present value (discounted back to the year of emission) of the damage of one tonne of
CO2 emitted in 2020 is larger than the present value (also discounted back to the year
of emission) of one tonne emitted in 2005. This is a common finding of all IAM’s and
basically reflects that underlying assumption that the world economy is continuously
growing over the models’ time horizons. Therefore, even if physical damage due to
one tonne of CO2 would be similar across time (for example causing a similar rise in
sea level), the economic value of damage would increase (because the stock of coastal
assets would have increased in value).
Finally, the CASES project was able to obtain three levels of estimates of marginal
damage costs, i.e. lower, upper and central estimates, respectively. The lower
estimates of marginal damage costs (PAGE5%) evolve from € 6.43/tCO2 in 2007 to €
23.11/tCO2 in 2050. The upper estimates (PAGE95%) evolve from € 15.8/tCO2 in
2007 to € 179.6/tCO2 in 2050. The central estimate evolves from € 19/tCO2 in 2007
to € 54.8/tCO2 in 2050. The central estimate is the average of the means of FUND
and PAGE.
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ANNEX VI – ECONOMIC VALUATION OF FOREST CULTURAL
SERVICES: RESULTS FROM A CASE STUDY FOR EUROPE
In this section we present the results of a case study for Europe which is part of the
CLIBIO12 project ‘Impacts of Climate Change and Biodiversity Effects’ financed by
the EIB (European Investment Bank). The study focuses on the economic valuation of
climate change impacts on forest ecosystems and human welfare at the European
scale. The framework for the analysis is based on the Millennium Ecosystem
Assessment (MEA) approach, taking into account the IPCC storylines and a
geographic classification of European countries based on climate. More specifically
the 34 European countries are grouped in term of their latitude, which identifies
sensitivity to climate and predominantly forest type. Marginal and total economic
losses/gains are finally projected in 2050 following the different IPCC storylines.
The aim is to provide a fine-tuning of the marginal values for cultural services
estimated in COPI I, to harmonize the methodology used for value-transfer and to
compute a range of possible values instead of point estimates.
Geographical classification
The definition of the European regions and countries is based on the ‘European Forest
Sector Outlook Study 1960-2000-2020’ main report (UNECE/FAO, 2005) which
covers 34 European countries13 located in Western Europe and Eastern Europe. The
European countries have been classified into four main groups: (1) Mediterranean
Europe (Latitude N35-45°), (2) Central-Northern Europe (Latitude N45-55°), (3)
Northern Europe (Latitude N55-65°) and (4) Scandinavian Europe (Latitude N6571°), in terms of their geographical locations in the respective latitude intervals.

12 CLIBIO is an international research project on the Impacts on ‘‘‘Climate Change and Biodiversity Effects’’’
funded by the European Investment Bank. The project focuses on two major research areas: (1) the macroeconomic implications of climate change impacts, and (2) the use of micro-econometric valuation tools to assess
the economic costs of climate related biodiversity losses. The second area aims to examine the potential of
micro-econometric valuation tools, including market and non-market methodologies, to assess the economic
value of biodiversity and its role on the provision of ecosystems goods and services.
13 CIS sub-region is excluded from this analysis (i.e. Belarus, Republic of Moldova, Russian Federation and
Ukraine).
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Table 31 Geographical grouping of the 34 European countries
Geographical
groupings

Latitude
classification

Countries included

Mediterranean Europe

Latitude N35-45°

Greece, Italy, Portugal, Spain, Albania, Bosnia and
Herzegovina, Bulgaria, Serbia and Montenegro,
Turkey, TFRY Macedonia

Central-Northern
Europe

Latitude N45-55°

Austria, Belgium, France, Germany, Ireland,
Luxembourg, Netherlands, Switzerland, Croatia,
Czech Republic, Hungary, Poland, Romania,
Slovakia, Slovenia

Northern Europe

Latitude N55-65°

Denmark,
Lithuania

Scandinavian Europe

Latitude N65-71°

Finland, Iceland, Norway, Sweden

United

Kingdom,

Estonia,

Latvia,

Source: CLIBIO project

This classification follows the assumption that the type of forest depends on the
climatic conditions of the country. This is important from an economic point of view,
as different forest types may provide different flows of ecosystem services.
The methodological approach
The methodological framework, as presented in COPI I, is based on the following
steps: (i) creation of a database of all available WTP estimates selected from the
literature review; (ii) estimation of a meta-regression function based on suitable WTP
values; and (iii) application of value transfer procedures for geographical and intertemporal transfer. The utility model is expressed by V = f (S , I ) , where V is the
marginal value of a given forest site designated to recreation or conservation of
biodiversity, S is the size of the forest area designated to recreation or conservation
and I is the income level of the country where the forest is located. By running the
regression function based on the utility model we have estimated the marginal effect
on V of the forest size and the income level of the country. These coefficients are then
used for the geographical as well as the inter-temporal value-transfer.
A common methodology of value-transfer has been applied for both recreational and
passive use values. The first step consists of selecting some original studies in Europe
according to the different latitudes (see tables below). When several representative
case studies and values are available, the mean marginal value is used.
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Table 32 Selected studies on recreational use for geographical value-transfer
Country

Reference study

Forest type

Geographical
grouping

United
Kingdom

Scarpa, R., S. M. Chilton, W. G. Hutchinson, J.
Buongiorno (2000)

Temperate
broadleaf and
mixed forests

Northern
Europe

The
Netherlands

Scarpa, R., S. M. Chilton, W. G. Hutchinson, J.
Buongiorno (2000)

Temperate
broadleaf and
mixed forests

CentralNorthern
Europe

Finland

Bostedt, G. and L. Mattsson (2005)

Boreal

Scandinavian
Europe

Italy

Bellu, L. G. and Cistulli V. (1994)

Mediterranean
and
Temperate
Broadleaf

Mediterranean
Europe

Source: CLIBIO project

Table 33 Original studies for passive use selected for the geographical valuetransfer
Country

Reference study

Forest type

Geographical
grouping

United
Kingdom

Garrod, G.D. and Willis, K. G. (1997)
Hanley, N., Willis, K, Powe, N, Anderson, M. (2002)
ERM Report to UK Forestry Commission (1996)

Temperate

Northern and
centralnorthern
Europe

Finland

Kniivila, M., Ovaskainen, V. and Saastamoinen, O. (2002)
Siikamaki, Juha (2007)

Boreal

Scandinavian
Europe

Spain

Mogas, J., Riera, P. and Bennett, J. (2006)

Mediterranean

Mediterranean
Europe

Source: CLIBIO project

Estimates for forest types from original case studies are then scaled up to the
corresponding higher geographical EU region and forest biome, by taking into
account the effect of the size of the forest area under valuation, β, according to the
following formula:

VEU ,l

 S
= Vi ,l  i ,l
S
 EU ,l






β

where
VEU,l = estimated WTP/ha for EUROPE by latitude l
Vi,l = WTP/ha of country i by latitude l (from representative case studies)
Si,l = forest area designated to recreation or conservation in country i by latitude l
SEU,l = forest area designated to recreation or conservation in Europe by latitude l
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i = country
l = latitude
Data on forest areas designated to recreation and biodiversity conservation by country
are taken from FAO/FRA2005. This procedure allows to estimate marginal values
corresponding to the main geographical groupings of European countries.
Finally, the estimated marginal values are projected in 2050 using population and
GDP growth rates, and taking into account the effect of forest size, as illustrated
below:

Vi ,50

 H i ,50
= V i ,00 
 H i ,00
∗

 S i ,00

 S
 i ,50






β

 PPPGDPi ,50
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where
Vi,50 = estimated annual value per hectare by region WR and forest biome b
V*i,00 = annual value per hectare by region wr-th and forest biome b-th (first step
estimation)
Vi50 = estimated value/ha/year for country i in year 2050
Vi00 = estimated value/ha/year for country i in year 2000
Si50= forest area designated to recreation or conservation in country i in year 2050
Si00= forest area designated to recreation or conservation in country i in year 2000
Hi50 = number of households in country i in year 2050
Hi00 = number of households in country i in year 2000
PPPGDPi50 = GDP adjusted for PPP (purchasing power parity) in country I in year
2050
PPPGDPi00 = GDP adjusted for PPP (purchasing power parity) in country I in year
00
i = country

Results
Results are presented by latitude, separately for recreation and passive use values, in
terms of marginal values in year 2000 (US$2000), and projected marginal values in
year 2050 under different IPCC storylines: A1F1, A2, B1 and B2.
The IPCC storylines are defined in terms of population growth, CO2 concentration,
change in temperature and precipitation (see table below). They are classified in
global and local economic oriented scenarios (A1F1 and A2), and global and local
environmental oriented scenarios (B1 and B2) (see figure below).
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Table 34 The specifications of the four IPCC storylines
Scenarios by 2050
Storyline A1FI
6

Climatic model
HadCM3
Storyline A2
Storyline B1

Storyline B2

Population (10 )

376

419

376

398

CO2 concentration (ppm)

779

709

518

567

∆ Temperature (°C)

4,4

2,8

3,1

2,1

-0,5

0,5

4,8

2,7

∆ Precipitation Europe (%)
Source: Schröter et al., 2005

Figure 17 IPCC Storylines
A1 (Rapid and successful economic
development)

A2 (A differentiated world)
•

Population (106): 419

•

Economic growth is uneven in the
world

•

Income per capita: largely increased

•

Cumulative CO2 (ppm): 709

•

∆Temperature (ºC): 2.8

•

∆Precipitation Europe (%): 0.5

6

•

Population (10 ): 376

•

High savings and high rate of
investments and innovation at national
& international level

•

Cumulative CO2 (ppm): 779

•

∆Temperature (ºC): 4.4

•

Precipitation Europe(%): -0.5
B1 (Global sustainable development)

B2 (Local and regional sustainable
development)

6

•

Population (10 ): 376

•

High investment in resource efficiency

•

Distribution Efficiency: High

•

Cumulative CO2 (ppm): 518

•

∆Temperature (ºC): 3.1

•

∆Precipitation Europe(%): 4.8

•

Population (106): 398

•

Human
welfare,
equality,
environmental protection

•

Cumulative CO2 (ppm): 567

•

∆Temperature (ºC): 2.1

•

∆Precipitation Europe(%): 2.7

and

Source: CLIBIO project

Results for marginal values are presented in the tables below.
Table 35 Marginal recreational values of European forests (US$2000/ha.,
projected US$2050)
Scenarios

Mediterranean EU
latitude 35-45
Initial 2000
1.06-3.06
A1 2050
1.25-7.87
A2 2050
1.26-7.91
B1 2050
1.20-9.24
B2 2050
1.03-6.77
Source: CLIBIO project

Central-Northern EU
latitude 45-55
0.43-2.61
1.07-8.15
0.68-5.17
0.81-8.08
0.65-4.83

Northern EU
latitude 55-65
1.88-7.10
4.17-99.92
4.03-96.55
3.97-124.34
2.97-62.55

Scandinavian EU
latitude 65-71
0.16-1.05
0.23-0.53
0.23-0.54
0.27-0.73
0.22-0.44
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Table 36 Marginal passive use values of European forests (US$2000/ha.,
projected US$2050)
Mediterranean EU
Scenarios
latitude 35-45
Initial 2000
356-615
A1 2050
898-1,552
A2 2050
902-1,558
B1 2050
748-1,292
B2 2050
678-1,171
Source: CLIBIO project

Northern and Central-Northern EU
latitude 45-65
123-182
361-534
344-509
342-506
230-340

Scandinavian EU
latitude 65-71
123-255
219-454
220-457
262-543
203-421

Both recreational and passive use marginal values are comparable with those obtained
in COPI I, which shows that the two methodologies used in COPI I for value-transfer
lead to similar results. Specific estimates show however that the marginal values
might differ widely according to the latitude where the forest is located. For
recreational values, the highest estimates can be seen in Northern Europe followed by
Central-Northern Europe, probably due to the facilities provided for forest recreation
in these countries. The lowest values are registered in the Scandinavian countries. For
passive use values, instead, the highest estimates are registered in the Mediterranean
countries, which have a higher potential for biodiversity and ecosystem conservation.
Disaggregated results are probably more useful for policy-making than a single
estimate applicable to one entire region such as all Europe.
The two tables below report the marginal and total value estimates for recreational
and passive use, by latitude and IPCC scenario.
Table 37 Recreational use values of European forest ecosystem (US$2000)
Latitude
year 2000
35-45
45-55
55-65
65-71

Recreation forest
area in EUROPE
(ha)

Estimated WTP/ha in
EUROPE

4.610.712
4.609.072
833.249
4.643.904

1.06-3.06
0.43-2.61
1.88-7.10
0.16-1.05

1.556.549
3.044.951
815.973
469.683

4.493.433
18.482.143
3.081.599
3.082.297

1.25-7.87
1.07-8.15
4.17-99.92
0.23-0.53

3.744.740
4.235.443
2.352.815
862.584

23.564.337
32.265.238
56.395.794
1.979.009

1.26-7.91
0.68-5.17
4.03-96.55
0.23-0.54

4.556.432
3.288.897
3.328.960
850.319

28.672.025
25.054.532
79.793.494
1.950.869

1.20-9.24
0.81-8.08
3.97-124.34
0.27-0.73

5.632.777
4.583.073
3.641.733
985.298

43.215.611
45.456.848
114.091.704
2.720.041

year 2050 A1-A2r Scenario
35-45
2.993.091
45-55
3.958.296
55-65
564.412
65-71
3.704.670
year 2050 A2-A2r Scenario
35-45
3.623.758
45-55
4.847.184
55-65
826.450
65-71
3.631.876
year 2050 B1 Scenario
35-45
4.677.047
45-55
5.624.539
55-65
917.607
65-71
3.715.154
year 2050 B2 Scenario

Total Recreation Value
(WTP/ha *ha)
lower
upper
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Latitude

Recreation forest
area in EUROPE
(ha)

Estimated WTP/ha in
EUROPE

35-45
45-55
55-65
65-71

4.850.635
6.101.013
1.056.716
3.559.167

1.03-6.77
0.65-4.83
2.97-62.55
0.22-0.44

Total Recreation Value
(WTP/ha *ha)
lower
upper
4.980.505
3.958.938
3.140.754
779.355

32.832.734
29.451.235
66.095.517
1.576.285

Source: CLIBIO project

Table 38 Passive use values of European forest ecosystems (US $2000)
Latitude
year 2000
35-45
45-65
65-71

Protected forest
area in EUROPE
(ha)

Estimated WTP/ha in
EUROPE

6.021.672
7.107.768
6.065.022

year 2050 A1-A2r Scenario
35-45
3.909.031
45-65
5.906.737
65-71
4.838.365
year 2050 A2-A2r Scenario
35-45
4.732.693
45-65
7.409.867
65-71
4.743.295
year 2050 B1 Scenario
35-45
6.108.308
45-65
8.544.161
65-71
4.852.057
year 2050 B2 Scenario
35-45
6.335.016
45-65
9.348.123
65-71
4.648.336

Total Passive Use Value
(WTP/ha *ha)
lower

upper

356-615
123-182
123-255

2.143.715.232
874.255.464
745.997.706

3.703.328.280
1.293.613.776
1.546.580.610

898-1,552
361-534
219-454

3.510.309.533
2.132.332.194
1.059.601.913

6.066.815.584
3.154.197.761
2.196.617.665

902-1,558
344-509
220-457

4.268.888.996
2.548.994.076
1.043.524.852

7.373.535.538
3.771.622.049
2.167.685.714

748-1,292
342-506
262-543

4.569.014.190
2.922.102.912
1.271.239.034

7.891.933.600
4.323.345.243
2.634.667.157

678-1,171
230-340
203-421

1.897.668.872
943.612.176

4.295.140.848

7.418.303.736
3.178.361.657
1.956.949.389

Source: CLIBIO project

The projected total economic values for cultural services (recreation and passive use)
can be summarized in the figure below. In all scenarios, Mediterranean Europe
appears to have the highest values, followed by Central and Scandinavian Europe.
Within the same latitude, climate change might have a different impact on the cultural
services provided in the local economy.
By comparing the different IPCC scenarios, we can see that total values are generally
higher for scenarios B1 and B2 which are environmental oriented than for the
economic oriented scenarios (A1 and A2).
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Figure 18 Total cultural values for European forests, projected under different
IPPC scenarios
Total Cultural Values Derived from Forests in Different
European Regions by 2050

IPCC Storylines

B2 2050

Scandinavian
Europe
Northern
Europe
Central
Europe
Mediterranean
Europe

B1 2050
A2 2050
A1 2050
0

2,000

4,000

6,000

8,000

10,000

Million$, 2005

Source: CLIBIO project

The following table finally compares the total values of forest cultural services among
the different IPCC scenarios, using scenario A2 as a benchmark for the analysis. This
scenario is characterized by the largest population and the highest GDP per capita. By
comparing the remaining scenarios with the benchmark, we can capture the costs
associated with a change from environmental oriented scenarios towards
economically oriented scenarios. Scenarios B1 and B2 show a positive change in total
cultural values compared with A2, which represents a positive impact on human
welfare. Moving instead from B-type scenarios to A2 scenario would entail a cost of
policy inaction. Furthermore, economic oriented policy might reduce the welfare gain
from other ecosystem services, such as the enjoyment of natural environment and the
knowledge of existence of biodiversity in the forests.
Table 39 Comparison of total value of cultural services for European forests
Benchmark A2 Scenario
Absolute value A1vs.A2
difference
B1vs.A2
(Million$,
2005)
B2vs.A2
A1vs.A2
B1vs.A2
∆%
B2vs.A2
Source: CLIBIO project

latitude 35-45
-862
4.156

latitude 45-55
-352
1.795

latitude 55-65
-121
393

latitude 65-71
18
1.808

Europe
-1.317
8.152

3.607
-17,8%
85,7%
74,4%

633
-14,2%
72,5%
25,6%

182
-28,3%
92,3%
42,9%

1.038
1,5%
152,5%
87,5%

5.460
-14,7%
91,2%
61,1%
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ANNEX VII - ARTIFICIAL SUBSTITUES

WATER REGULATION
•

Runoff control

Ecosystem service
Substitute
Appropriateness

Side effects

Transferability of
implementation

Regional context

Runoff control
Runoff diversion
This measure controls on-site water runoff and eliminates the resulting damages.
However, initial ecosystem functions (for instance the ones provided by forests), which
control runoff through higher infiltration and deep water storage, are not fully
substituted. Indeed, additional services, such as aquifer recharge, are not covered by this
artificial substitute.
On the positive side, implementation of runoff diversion measures may contribute to
flood control by dispersing the water over a larger area. However, the opposite might
happen if the water is routed directly to the water body. Moreover, fertile silt might be
carried away with the runoff instead of being spread over the area.
Although this measure is relatively easy to implement, some degree of technical
knowledge is required. To function properly, a runoff diversion system requires
permanent control and maintenance and should be inspected after each significant
rainfall. Maintenance work is usually carried out by the landowner or tenant. In
developing and emerging countries, factors such as motivation and efforts of the local
residents to maintain the diversion, financial means, or the level of technical knowledge
might influence the functioning of the substitute.
Site specificity strongly determines the characteristics of the runoff (for instance, steeper
slopes cause higher stream velocities) and is important for the choice of the most
adequate measure. The slopes, on which runoff diversion measures can be implemented,
should be stable and not be steeper than 3:1 (US Department of Agriculture, no date).

Spatial scale of
effects

Runoff diversion systems are usually implemented at a small (local) scale. Therefore,
they can only compensate for a large-scale loss of the original ecosystem service if a
sufficiently large number of projects is realised.

Temporal scale of
effects

A runoff diversion system can be realised relatively promptly, as only a small amount of
skilled labour is required. In developing countries, financial and time constraints of the
farmers concerned might delay implementation.

Thresholds

Threshold, beyond which the proposed substitution is no longer possible, are related to
the size of the runoff diversion system (see spatial scale of effects).
In developed countries, the measure is cost-efficient and can be considered as potentially
affordable in developing and emerging countries. However, in comparison to the
implementation of specific agricultural practices, this substitute is more cost-intensive
and time-consuming.

Affordability

Social justice

Implications for
values in COPI
DB

When implemented (and financed) at a local scale, those interested in protecting their
land are also carrying the financial burden. In developing and emerging countries,
however, the costs for implementation might hinder some farmers from realising runoff
diversion systems. Thus, only a certain share of the affected farmers might have the
means to replace the original ecosystem service by a substitute.
In general, the proposed substitute covers only parts of the original ecosystem service.
Regarding the significance of the damages caused by the uncontrolled water runoff, the
share of the population affected (e.g. subsistence farmers) and the vulnerability of the
people affected, the value of the original ecosystem service should be higher in
developing and emerging countries than in developed countries. Moreover, taking into
account the institutional settings required for their implementation and maintenance, the
relative price for realising the measures in developing or emerging countries is higher
than in developed countries.
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Storyline

Runoff diversion is a measure that diverts water from agricultural fields and
constructions and directs it to water bodies or storages, or takes a form of an irrigation
system and spreads the excess water over an area. Water diversion systems include a
number of elements such as diversion banks, constructed water ways (channels), and
sediment basins. The measure is cost-efficient in developed countries and can be
considered as potentially affordable for developing regions. However, in comparison the
implementation of specific agricultural practices, this substitute is more cost-intensive
and time-consuming.

Ecosystem service

Runoff control

Substitute
Appropriateness

Agricultural practices (strip cropping, counter ploughing and mulching)
The application of particular agricultural practices helps reducing the negative effects of
water runoff on agricultural land. Crop striping and mulching practices keep the surface
of the land covered, thus support a high degree of water retention and infiltration, and
might considerably decrease the runoff velocity. Mulching, for instance, might reduce
runoff velocity by 24 – 78% depending on the mulch used (US Environmental Protection
Agency, no date: 31).
Besides runoff control, strip cropping provides other benefits, such as improved pest
management and diversification of economic risks. On the other hand, mulching might
result in fungi development and lead to negative effects on crops.
Transferability of these agricultural practices is to a large degree dependent on the
agricultural practices in place, the incentives of the local residents to implement the
measure, and their knowledge base. Mulching is most widely applicable; there are no
limitations with regard to its transferability.
Site specificity is of particular relevance for the application of counter ploughing.
Practice shows that under particular climatic and environmental conditions this measure
might lead to significant landslides. Thus, when applying counter ploughing, local
climate conditions and soil structure need to be taken into account. Mulching can be
applied on slopes as steep as 2:1 (US Environmental Protection Agency, no date: 29).

Side effects

Transferability of
implementation

Regional context

Spatial scale of
effects

These suggested substitutes are applied on a small scale (i.e. a single agricultural field).

Temporal scale of
effects
Thresholds

The agricultural practices discussed can be implemented almost immediately, as no
development activities are required.
Strip cropping cannot reduce runoff on steep slopes. Depending on the amount and
velocity of the runoff, mulching and stripe cropping might not suffice to compensate for
the original ecosystem service. The particular requirements with regard to soil type,
amount and strength of rainfall limit the application of counter ploughing.

Affordability

Implementation of these agricultural measures is relatively inexpensive, also in
developing and emerging countries.
As these measures are mainly implemented by a single farmer who benefits from the
positive effects, there is no social injustice implied.
In theory, the substitute covers most dimensions of the original ecosystem service.
However, since it is usually applied at a small scale, it cannot substitute for large-scale
losses of ecosystems. As with runoff diversion, agricultural practices are relatively costeffective and easy to implement. Certain institutional settings might be required to
realise this substitute, thus the costs might be somewhat higher in developing and
emerging countries than in developed countries.

Social justice
Implications for
values in COPI
DB

Storyline

Strip cropping, mulching and counter ploughing are the basic agricultural measures that
contribute to runoff control. Strip cropping is a type of plant production under which
winter and summer crops are sowed on one field in stripes. Mulching means covering
land surface with hay, straw, wood chips and fibres etc. These agricultural practices are
affordable and easy to implement by a single agricultural producer. In comparison to the
implementation of runoff diversion measures, agricultural practices might appear to be a
cheaper solution in the context of the developing countries. This, however, does only
apply in case of appropriate environmental and climatic conditions (soil structure, slope
steepness, amount of precipitation, vegetation cover etc.). When environmental and
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climatic conditions are not favourable, the more expensive runoff diversion system
should be applied. In these cases, the value of the original ecosystem service increases.
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•

Flood protection

Ecosystem service
Substitute
Appropriateness

Flood protection
Construction of embankments
This substitute prevents the area from flooding. However, in contrary to the original
ecosystem services embankments cannot mitigate floods through water infiltration like a
forest would do. It can therefore be classified as an end-of-pipe measure.

Side effects

Embankments increase the water level of the river and its velocity by confining it. As a
result, silt deposits may not be spread over the flood plain, but instead are carried with
the flow. The transport capacity of the stream increases with its velocity. Potential
impacts include increased river erosion (degrading river) with gradual removal of rock
material from the river banks and bed, or sediment being carried downstream and
deposited on the un-embanked area (aggradation) or in the sea. Moreover, the fertility of
soils outside of the embankment may decrease, because the fertile silt is carried away by
the river. The embankment may block the natural drainage of the tributaries and lead to
drainage congestion, which causes water logging of soils in the protected area. Also,
increased erosion might eventually lead to dam failures. On the positive side, new arable
land might be developed at the adjoining countryside.

Transferability of
implementation

The construction of embankments is a widely applied measure of flood control.
Implementation requires advanced engineering and planning capacities, as well as
permanent centralized monitoring and maintenance. In this regard, the transferability of
this particular measure from developed to developing countries with weak institutions is
low.
Site-specific conditions (e.g. climatic conditions, river characteristics, soil structure)
greatly affect the construction possibilities and determine the potential side effects of the
measure.
With increasing length of the construction, the risk of potential side effects increases as
well (see side effects).
The construction requires time (up to several years, depending on the size of the project).

Regional context

Spatial scale of
effects
Temporal scale of
effects
Thresholds

The construction of an embankment should be avoided as a long-term measure if the
river has an aggrading nature (see side effects).

Affordability

Construction costs are high. Thus, affordability of this substitute for developing
countries is low. It might, however, be regarded as the most cost-effective measure.
Implementation of this substitute might protect existing (agricultural) land, but might
also generate new areas with high soil fertility. In this context, residents (including
farmers) owning land close to the embanked river will benefit most from this measure.
It has become clear that the substitute performs relatively well as far as flood protection
is concerned. However, there are severe side effects connected to its implementation.
These are strongly connected to the regional context, which, if not taken into account,
might result in an underestimation of the original ecosystem service.

Social justice

Implications for
values in COPI
DB
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Storyline

Embankments are constructed to prevent flooding of the adjoining land. Their
construction might be required because of land use changes that have taken place in the
upstream river region (e.g. deforestation or soil sealing), resulting in higher water levels
of the river, or because the neighbouring areas (which might formally have served as
buffer zones) have been cultivated and must now be protected. As the implementation of
embankment projects requires a certain degree of engineering and is relatively capitalintensive, developing countries might face difficulties in realising them. Embankments
are important protection measures in densely populated areas. Thus, a relatively large
share of the population profits from the investments made.

Ecosystem service
Substitute
Appropriateness

Flood protection
Construction of flood reservoirs
This substitute prevents the downstream area from flooding, but not the upstream area. in
contrary to the original ecosystem services embankments cannot mitigate floods through
water infiltration like a forest would do. It can therefore be classified as an end-of-pipe
measure. Furthermore, this measure cannot be implemented on small rivers.

Side effects

A dam, which is an element of a flood reservoir, is considered by international
humanitarian law as an ‘installations containing dangerous forces’ (Protocol Additional
to the Geneva Conventions). The possible destruction of a dam would have severe
impacts on the local population and the environment. Moreover, construction of a dam
might require resettlement of (or parts of) the local population and result in a loss of
cultural heritage. On the other hand, recreation opportunities might emerge. The flood
reservoir has negative impacts on flora and fauna of the river by reducing habitats and
worsening conditions for spawning and living, and hampering migration up- and
downstream. The altered flow regime downstream of the reservoir might trigger
degradation (close to the dam) and aggradation (further downstream) of the river. On the
positive side, the stored water might be used for irrigation and energy production.

Transferability of
implementation

This measure requires advanced engineering and planning capacities, as well as
permanent monitoring and maintenance. In this regard, the transferability of the
substitute from developed to developing countries with weak institutions is low.

Regional context

Site-specific conditions are important; in particular landscape plays an important role. A
natural valley is a prerequisite for the construction of a flood reservoir.

Spatial scale of
effects
Temporal scale of
effects
Thresholds

Affordability

The substitute and its effects cover a relatively large area.
The construction requires time (up to several years, depending on the size of the project).
Flood reservoirs alter the ecosystems significantly. Especially in warmer climate
conditions flood reservoirs result in a considerable decrease in water quality due to
eutrophication, toxic algae blooms, and excessive production of methane.
Construction costs are high. Thus, affordability of this substitute for developing
countries is low.

Social justice

Some social groups might directly suffer from the construction of a flood reservoir (e.g.
resettled local population), but in general, the positive effects from flood protection
concern a wide range of the population (downstream residents). Particularly in arid
regions, the construction of a reservoir might imply significant distribution inequalities,
as the downstream users might be deprived of the water they require, for instance, for
irrigating their fields.

Implications for
values in COPI
DB

It has become clear that the substitute performs relatively well as far as flood protection
is concerned. The construction of flood reservoirs has certain side effect, of which some
are positive, while the majority is clearly negative. In this context, there is a risk that the
original ecosystem service is underestimated. Moreover, taking into account the costintensity of the measure, the unfavourable institutional settings and the potential
distributional inequalities resulting from construction, the original ecosystem service
should be valued higher in developing than in developed countries.

Storyline

Certain land use changes (e.g. deforestation or soil sealing) may result in increased river
flows. Flood reservoirs are widely used to compensate for formally water-retaining
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ecosystems, such as forests, or abolished buffer areas. Flood reservoirs help to regulate
water flows by storing water during heavy rains and releasing it slowly during dry
seasons. Often, the construction of reservoirs results in severe side effects: A formally
intact river ecosystem is modified in way that it may not be able to provide its original
services any longer. As the construction of a reservoir is relatively capital-intensive,
implementation of such projects can only take place at a large scale. As has become
apparent in some central African countries, floods caused by heavy rainfalls can
constitute a threat to large parts of the population even in arid regions. In this context, the
need for artificial substitutes for flood protection might even be higher in arid regions
than in humid, high-latitude countries.
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Aquifer recharge

Ecosystem service
Substitute
Appropriateness

Side effects

Transferability of
implementation

Aquifer recharge
Groundwater infiltration
This substitute covers most of the dimensions of the original ecosystem service (i.e. the
provision of freshwater). However, the amount of freshwater provided depends on the
scale of the groundwater infiltration project and might not compensate fully for the
original ecosystem service.
There might be impacts on the microbial groundwater ecology (this dimension, however,
is still to a large extent under-researched). Furthermore, the soil might be chemically
modified if the infiltrated water is polluted. Also, soil stability might be negatively
affected.
A medium technical knowledge is required for the implementation of this substitute.
Also, a medium regulation difficulty is connected to the management of aquifer recharge
(Dillon 2005: 315). In this regard, developing countries are at a disadvantage and might
be dependent on the financial support and transfer of technological knowledge by
developed countries when implementing this substitute.

Regional context

When applying groundwater infiltration techniques, enough freshwater of high quality
must be available. Also, certain geographical settings (slope etc.) are required in order to
realise groundwater infiltration projects.

Spatial scale of
effects

Aquifer recharge projects are commonly realised on a limited spatial scale, for instance
on a village or town scale (Dillon 2005: 315). This means that the ability to compensate
for a large-scale decrease of the groundwater level in an aquifer is not given. In this case,
the substitute will only compensate for a small part of the services that where provided
under the original state of the ecosystem.
This substitute is already available and technically mature. Groundwater infiltration
projects are relatively widespread, while most of them have been implemented in
Australia and Southern Europe. The development of sound (financial) strategies for the
implementation of projects in developing countries might require additional time.
If the size of the aquifer concerned is too big, groundwater infiltration projects, which
are usually implemented at a small scale, will not be able to compensate fully for the

Temporal scale of
effects

Thresholds
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Affordability

Social justice

original (range of) ecosystem services. In these cases, a certain degree of natural
recharge will have to take place, while artificial recharge can only be regarded as a
means which supports and contributes to the existence of the natural ecosystem.
Investigation costs are relatively high. The typical unit costs amount to 1 – 10 USD per
m3 (Dillon 2005: 315). This implies that developing countries might require financial aid
from developed countries in order to realise groundwater infiltration projects.
Agricultural uses are often a main cause for over-abstraction of groundwater. In this
case, one social group causes the damage and should – according to the polluter-pays
principle – bear the costs of compensation measures. However, soil sealing and
deforestation can be attributed to a larger share of the society. In these cases, dividing the
financial burden over the whole society can be regarded equitable.

Implications for
values in COPI
DB

In theory, groundwater infiltration seems to be an appropriate substitute for the original
ecosystem service as it covers most of the relevant functions of the original service and
has no major side effects. Nevertheless, large-scale application is questionable as there is
a high chance of limited freshwater resources available to use for infiltration. Moreover,
the potential for implementing this substitute in developing and emerging countries is
questionable due to the associated costs. Therefore, the original ecosystem service
should be valued higher in these regions.

Storyline

In response to a decrease in natural aquifer recharge (due to soil sealing, deforestation,
intense abstraction, or saltwater intrusion), artificial groundwater infiltration may be
applied to compensate for the original ecosystem function. Specific techniques include
aquifer storage and recovery, aquifer storage transfer and recovery, bank filtration, dune
filtration, infiltration ponds, percolation tanks, rainwater harvesting, and soil aquifer
treatment (Dillon 2005: 313). Aquifer recharge techniques may provide 1.000 –
1.000.000 m3 of fresh water per year (ibid: 315). Implementation of these techniques
requires a certain degree of technical knowledge and engineering skills and the costs are
relatively high. While this substitute is mainly applied in Australia and Southern Europe,
developing and emerging countries increasingly start applying it as well (e.g. South
Africa). In the latter countries, people might suffer from aquifer depletion even more
severe than people in developed countries, since a larger share of the population will be
affected from the consequences (e.g. subsistence farmers).
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WATER PURIFICATION
Ecosystem service

Water purification

Substitute

Sewage treatment plant

Appropriateness

This substitute filters and partly cleans the sewage waters before releasing them into the
environment. Sewage treatment plants are not capable to eliminate all the contaminants
from the water which are finally released into environment. The particularly hazardous
compounds, with which ecosystems are not able to cope, might enter the environment.
This can have negative effects on the health of the ecosystems and humans as their users.

Side effects

This substitute might be a significant energy consumer, which might be a problem for
the rural communities in developing countries.
Besides the sewage treatment plant itself, the sewage collection system should be
established and properly maintained.

Transferability of

Sewage treatment plants are usually placed near the water body where the used and
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implementation

treated water is discharged.

Regional context

Sewage treatment plants are usually placed near the water body where the used and
treated water is discharged.

Spatial scale of
effects

A proper sewage treatment plant including sewage collection system might provide
services for the entire community.
The effects of the sewage treatment on the environment and human health will be seen
only in a long run: time is needed for the ecosystems to process the earlier discharged
non-treated waste.
The substitute is beneficial for environment and society, so particular thresholds for
implementation could be identified.
The construction of a sewage treatment plant and the necessary sewage collection system
requires high investments. Besides the initial construction costs, further expenditures
should be expected which are linked to plant maintenance.
The introduction of sewage treatment plants favours all population. At the same time, in
order to have positive effects on the environment and human health a number of such
plants should be introduced. Just one sewage treatment construction won’t change a lot is
the untreated waste will continue to enter the environment from other
communities/sources. In such a case, the community which introduced sewage treatment
will carry the costs without benefiting from the effects. The issue should also be
considered not only on the national, but also international level. The nations within a
continent share water bodies. Therefore, a country with established sewage treatment
system might still suffer from uncontrolled waste discharge by neighbours.

Temporal scale of
effects
Thresholds
Affordability

Social justice

Implications for
values in COPI
DB

Storyline

In theory, this substitute covers most dimensions of the original ecosystem service.
Moreover, it helps to reduce the human-induced environmental pressure. In the long run,
the substitute contributes not only to improved environment conditions, but is also
beneficial for human health. However, sewage treatment plants are costly and require
well established sewage collection systems and continuous maintenance. Therefore, the
natural ecosystem service should be valued higher in developing countries.
Water purification is the process of removing undesirable chemical and biological
contaminants from raw water. The goal is to produce water fit for a specific purpose.
Most water is purified for human consumption (drinking water), but water purification
measures may also be designed for a variety of other purposes, including meeting the
requirements of medical, pharmacology, chemical and industrial applications. The
objective of sewage treatment plants is purifying water not only for human consumption,
but also for reducing pressure on the ecosystem. In general, the purification methods
used include physical process such as filtration and sedimentation, biological processes
such as slow sand filters or activated sludge, chemical process such as flocculation and
chlorination and the use of electromagnetic radiation such as ultraviolet light. However,
this substitute is often expensive and requires expert knowledge compared to natural
water purification.

Ecosystem service

Water purification

Substitute
Appropriateness

Water purification plant
This substitute cleans raw water for its further human consumption. The purification
process reduces the concentration of particulate matter including suspended particles,
parasites, bacteria, algae, viruses, fungi; and a range of dissolved and particulate material
derived from the minerals that water may have made contacted after falling as rain.
Standards are set for minimum and maximum concentrations of contaminants.

Side effect

In Europe, most drinking water production companies use chlorine as a disinfectant. It is
added to water as chlorine gas, calcium hypochlorite or sodium hypochlorite. For
drinking water preparation from surface water, chlorine is used as a primary disinfectant
in most cases. However, chloramine is often used for the disinfection of groundwater for
drinking water. When groundwater and surface water mix in the distribution system, the
chlorine and chloramine disinfectants combine to form a residual substance which
contains ammonia, free chlorine and monochloramine (www.edie.net).
Intensive chemical treatments and residuals resulting from treatment (sludge, brines,
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Transferability of
implementation

toxic waste) can add to the problems of contamination and salting of freshwater sources.
‘Conventional methods of water disinfection, decontamination and desalination can
address many of these problems with quality and supply. However, these treatment
methods are often chemically, energetically and operationally intensive, focused on large
systems, and thus require considerable infusion of capital, engineering expertise and
infrastructure, all of which precludes their use in much of the world. Even in highly
industrialized countries, the costs and time needed to develop state-of-the-art
conventional water and wastewater treatment facilities make it arduous to address all the
problems’ (Shannon et al. 2008).

Regional context

Site-specific conditions may influence treatment, for example catchments with intensive
agriculture will need to take extra measures to purify water to meet standards. Where
taste and odour may be a problem (organo-leptic impacts), the sand filter may include a
layer of activated carbon to remove the taste and odour.

Spatial scale of
effects

Water purification plants are implemented at local or regional scale, depending on the
capacity of the plant and the number of users. Small, innovative purification systems
may be effective at local scale but are not as effective in larger cities.

Temporal scale of
effects
Thresholds

Time and lack of money and capacity (experts and parts suppliers) may hinder
implementation.

Affordability

Social justice

Implications for
values in COPI
DB

Storyline

‘While some infectious agents have been eradicated or diminished, new ones continue to
emerge and so disinfecting water has become increasingly more challenging. Viruses are
of particular concern, accounting, together with prions, for nearly half of all emerging
pathogens in the last two to three decades.’ (Shannon et al, 2008, p.2’
Ageing and deterioration of drinking water distribution systems causes growth of biofilms, which is a key infrastructure rehabilitation challenge.
Although conventional water purification plants are effective in supplying clean drinking
water, their construction and maintenance are expensive, which is why so many people
in the world still do not have access to clean drinking water. Smaller, more local
knowledge oriented water purification systems may be more affordable for developing
countries
Implementation of water purification plants should improve lives in developing
countries. One important issue to consider, however, is the burden sharing of costs. The
polluter pays principle is not valid for municipal water purification plants. Prices put on
the consumer need to take into account the local economic situation. Another aspect to
consider is that water purification schemes often occur in more urban centres, thus
excluding very rural areas.
In theory, this substitute covers most dimensions of the original ecosystem service.
However, additional side effects relating to the use of chemicals for purification may add
to water quality problems. Furthermore, conventional purification plants are often costly
and require signification infrastructure and expert knowledge. New, innovative water
purification systems on a small-scale, even household size, may be more relevant for
developing countries. Water purification plants, whether large-scale conventional plants
or small-scale innovation systems, cost time and money and should be valued lower than
the natural process.
Water purification is the process of removing undesirable chemical and biological
contaminants from raw water. The goal is to produce water fit for a specific purpose.
Most water is purified for human consumption (drinking water) but water purification
may also be designed for a variety of other purposes, including meeting the requirements
of medical, pharmacology, chemical and industrial applications. In general the methods
used include physical process such as filtration and sedimentation, biological processes
such as slow sand filters or activated sludge, chemical process such as flocculation and
chlorination and the use of electromagnetic radiation such as ultraviolet light. Water
purification is essential to reduce human health issues. However, this substitute is often
expensive and requires expert knowledge compared to natural water purification.
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CARBON STORAGE
Ecosystem service
Substitute
Appropriateness

Side effects

Transferability of
implementation
Regional context
Spatial scale of effects
Temporal scale of
effects

Carbon storage
Carbon capture and storage (CSS)
According to the IPCC, CSS could contribute to reducing total global GHGs of 15 to
55% from now to 2100. It entails leaking risks that would seriously affect water
quality as well as human and plant health. However, in correctly managed geological
reservoirs, the IPCC estimates that the risks of leakage are no different than other
natural gas storage (Pembina, 2009).
Besides the leakage risks affecting water and air quality and posing a threat to human
and plant health, the construction of CSS plants has also been accused of being
energy consuming.
Geological reservoirs can be found in several places.
Volumes will vary according to the type (oil, gas, saline) and size of reservoir. Site
specific characteristics will influence stored volume of CO2(DoE).
Local and global
GHGs would be stored with up to 99% retention over 1000 years (Pembina, 2009).

Thresholds

Storage capacity depends on the type of geological reservoir and can be estimated
(DoE). Currently, there would be a potential for reducing total global GHGs of 15 to
55% from now to 2100 (Pembina, 2009).

Affordability

The cost of a whole carbon capture and storage plant including its lifecycle costs
would be between 0,5 – 1,1 billion Euros. The cost of abating one tonne of CO2
would vary between 35-50 Euros. Most people consider this method as the most cost
effective so far (McKinsey, 2008).
Issues of social justice arise for people living near such storage facilities and the
associated risks of leakage.

Social justice
Overall suitability for
substitution

Carbon sinks are an ecosystem service provided by forests as well as oceans. CSS is
suitable for replacing this particular service from various ecosystems but not all the
others that oceans and forests provide.

Implications
for
values in COPI DB

Since carbon sinks arise from multiple origins, it is difficult to assess whether
transferability is high or low as other important services from these ecosystems may
be lost. For affordability, CSS is one of the most affordable technologies to reduce
CO2 emissions.
Carbon capture and storage offers a technological opportunity to extract carbon out
of the atmosphere and thereby use geological reservoirs as artificial carbon sinks. The
amount of carbon that can be sequestered depends on the type of geological reservoir
(oil, gas, saline). Nonetheless, carbon capture and storage can dramatically contribute
to reducing atmospheric GHGs and are a very cost effective option. Although it
seems like an ideal substitute, it is important to note the environmental and human
health risks that a leak would produce. Moreover, carbon sinks are present in

Storyline
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different ecosystem and this technology would not provide for the other services
provided by other ecosystems like the seas or forests.
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ANNEX VIII – KEY INSIGHTS FROM COPI II - TEEB D0 WORKSHOP
Date: 1 April 2009
Location: DG ENV, 5, avenue de Beaulieu – 1160 Brussels - BU 5 Room A
Attending:
DG Environment: Aude Neuville, AlexandraVakrou, Stephen White
European Environmental Agency: Hans Vos
COPI team: Samuela Bassi (IEEP), Leon Braat (Alterra), Ingo Braeuer (Ecologic),
Aline Chiabai (BC3), Marianne Kettunen (IEEP), Matt Rayment (GHK), Ben ten
Brink (MNP), Patrick ten Brink (IEEP)
TEEB D0 team: Florian Eppink (UFZ), Pushpam Kumar (University of Liverpool)
Experts: Rhona Barr (Imperial College), Aaron Bruner (Conservation International),
Andrew Bovarnick (UNDP - on the phone), Sarat Babu Gidda (CBD), Jo Mulongoy
(CBD)

Key insights useful for COPI II are summarised below.
>> In blue italics: possible actions/ideas to be taken forward in COPI II

Presentation of COPI II: methodology, interim results and expected results
Patrick ten Brink presented an overview of COPI, and Matt Rayment described the
approach and progress made under task 1 of the project. Among key observations:
It was noted that it will be interesting to look at subcategories within tropical forest
(e.g. dry forest) in the future. >> Possibly interesting when highlighting limits of
COPI and gaps to be filled by future studies
The D0 team noted that COPI uses a biomes approach, while TEEB refers to the
MEA 12 ecosystems categories. The COPI team noted that biomes were chosen as
they cover the world and are consistent with Globio model. CBD observed that
biomes are preferred when presenting data at global level. >> The biomes approach is
fine. The issue of how biomes and ecosystems categories relate is worth being
explored.
It was noted that it would be valuable to distinguish values between protected and non
protected areas, however this may be possible only for a subset of values >> this can
be worthwhile being explored in COPI (in light of resources and time available) for
some values/literature sources
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Asked whether coral could be divided into sea weed, see grasses and coral, it was
clarified that the distinction would depend on the description used in literature
sources. So far these mainly refer to coral reefs – hence this is the category used.
Asked about how the screening of values was made, the COPI team clarified that the
main screening criteria were to select values that were expressed on (or easily
convertible into) per ha and values clearly referring to ecosystem services (ES).
The team also clarified that the study is not meant to provide a full cost benefit
analysis. The team is considering net changes in ecosystem services (e.g. benefits
from increased food production), but it is not meant to assess the non-ecosystem
benefits of development. >> It may be useful to note this as a limitation of COPI and
note that other future studies could look at benefits more broadly
Furthermore, it was clarified that COPI used annual values and not net present values
(NPV).
Subsequently Aline Chiabai presented some preliminary results on the forestry values,
i.e. some information on regulating services, the fine tuning of marginal values in
COPI I and new values for carbon stocks in grassland and cropland in Europe
It was clarified that the price of carbon in EU was based on the CASES study (by
FEEM). This helped avoid the difficulty of taking market fluctuations into account.
It was also noted that new recreational values (in EU) were consistent with COPI I
values.
Some disaggregation of forestry types (by latitude) was made at EU level. The main
aim was not only to provide new figures, but especially to test robustness of COPI
analysis in some areas. Some values were aggregated >> in the final studies values
will also be provided per ha
CBD pointed to some useful studies: WCMC study with figures on carbon, and a
study by TNC (The Nature Conservancy) with figures for Peru, Ecuador and
Venezuela.
Leon Braat presented the task 2 method and expected progress
It was noted that the curves depicting changes in services due to land use change are
reasonable. >> It will be useful to provide some supportive data/empirical evidence to
justify coefficients.
However it was argued that the recreation approach can be debatable, as the level of
richness of biodiversity is not necessarily (positively) related to the recreation
value (e.g. less biodiverse rich forests can be more attractive than highly biodiverse
wetlands). Human activities can in some cases improve attractiveness >> it will be
worth taking this into consideration in the services assumptions when considering
land use changes.
>> Also, different coefficients/curves/assumptions could be used for different biomes
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>> Worth considering some further division of ES (e.g. different slopes for different
provisioning services) – this was already done in COPI I, and can be further
tested/fine tuned
Regarding the issue of future prices/values used, it was clarified that COPI used a
simple and straightforward approach. GDP growth or population growth were used,
depending on the nature of the values. More sophisticated assumptions were used for
carbon values.
The issues of income and poverty has not been addressed in COPI but will be taken
up by TEEB.
Ingo Braeuer presented the task 3 methodology and progress made.

It was noted that D0 is looking forward to receive inputs on substitutability. Some
information on case studies can be found in a study by UNEP et al on sub global
assessments. >> Pushpam Kumar can provide some useful contacts
It was also noted that substitutability is an important aspect. Substitutes are in some
cases a proxy to get a value for services, and can lead to underestimation of the value
of land. However it was noted that it will be difficult to obtain/produce rational values
to characterise the effect of substitutability, as this is very much case sensitive. Case
studies will be useful to demonstrate the trends/effects, but it may not be advisable to
come up with specific adjustment factors for benefit transfers. Also, substitutability is
only one of many factors affecting value transfer, as other factors play a role (e.g. who
is benefiting, local context etc) >> Task 3 should focus on indications of trends and
likely effects of substitutes on transfer and values, but not on specific
figures/coefficients
It was also highlighted that additional underestimation in the assessment can be due to
the fact that we are using a cost based approaches for valuation – hence missing the
surplus of benefits (of conservation) over costs.

Presentation of D0: structure, ongoing work and needs
Pushpam Kumar presented D0 framework. Some key insights useful for COPI are as
follow:
Key deadlines for D0 are: 31 April (chapter 1-6); 31 July (chapter 7); 15 August
(chapter 8-9)
It was pointed out that an approach by ecosystems will be adopted in D0. This is
slightly different that the approach by ecosystem services used in COPI II.
CBD raised the issue of poverty and noted that dependence on ES is higher in
mountain area than in low land. It was also noted that benefits from nature
conservation for poor households would be worth being included in TEEB, beside the
costs of loosing the services
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Discussion: state of development and cooperation on valuation databases, benefit
transfer and how to build aggregate numbers
Some features of the methodologies used for different databases were presented.
Some comments with relevance for COPI are noted below.
Pushpam Kumar presented the methodology to be used for the TEEB database.
Among other issues, the risk of double counting was highlighted, as D0 (unlike COPI)
is meant to assess also supporting services. It was noted that TEEB aims to collect all
available data, including on supporting services. It will be up to who use the database
to take care of double counting when aggregating.
Andrew Bovarnick of UNDP presented the approach taken for a database developed
for a regional report in Latin America and Caribbean. The work, started in October
2008, focused on being an efficient tool for policy makers in these regions. The key
difference compared to the COPI approach is that this study uses a sectoral approach.
Values are broken down by economic sectors, i.e. assessing the economic contribution
of biodiversity to agriculture (agroforestry, livestock and cultivation), fishery
(including aquaculture, marine etc), tourism (including eco-based tourism), forestry,
hydropower and human settlements (e.g. flood defences). It also aims to include
macro economic indicators (e.g. GDP) at national level- and possibly also at local
level. The most important indicators for policy makers will be identified – e.g.
employment, taxes. A matrix to collect values is structured by indicators, sectors,
BAU studies and scenarios. Next steps of the study will be to collect more
information on sectors and countries. UNDP is willing to share the database with the
workshop attendees. They are also coordinating with Conservation International on
values on protected areas.
As for the link with COPI, it was noted that some values (e.g. recreational values) can
be related to economic sectors (especially tourism), but less values can be allocated to
other sectors, employment etc. Some links hence are possible but many values cannot
be allocated to specific sectors.
In general, it was agreed that it will be worth exploring how to merge the different
databases presented at the workshop, or at least share some values that can be used by
others. It will be very ambitious (if not impossible) to harmonise all values in one
single database, as the different databases have different aims and approaches.
However synergies and overlaps can be explored, and values shared.
Aaron Brunner presented the Conservation International database. It aims to be
illustrative rather than comprehensive, as to communicate clearly to policy makers.
Payments for Environmental Services (PES) are aspect most thoroughly explored. The
most populated categories are fresh water quality and supply, multiple services, and
option or existence values. Data were mainly coming from economic valuations,
while a minor part was obtained from, livelihood studies, PES, et al.
It was noted that there could be positive synergies with the work on PES in TEEB.
Ben ten Brink explained some features of the Globio model.
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It was noted that the model cannot provide economic output but it can be attached to
biodiversity loss and policies affecting biodiversity. Is it possible to use it to present
the benefits of nature conservation, and to identify what policy makers should address
with policy.
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ANNEX IX – REFERENCE VALUES DATABASE – in separate file
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