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Chapter 1: Introduction

What is SEEA Experimental Ecosystem Accounting?

Ecosystem accounting is a coherent and integragmoach to the assessment of the
environment through the measurement of ecosystamd, measurement of the flows of
services from ecosystems into economic and othe@huactivity. “Ecosystems are a dynamic
complex of plant, animal and micro-organism comrtiagsiand their non-living environment
interacting as a functional unit. The scale of ecosystem accounting may vary froetifip

land cover types, such as forests, to larger iatedrareas such as river basins, and includes
areas that may be considered relatively naturalthase that may be heavily influenced by
human activity, such as agricultural areas.

Ecosystem accounting goes beyond other approachesosystem analysis and assessment
through the explicit linking of ecosystems to eamimand other human activity. The links are
seen both in terms of the services provided by yetesis and also in the impacts that
economic and other human activity may have on etesys and their future capacity. While
ecosystem accounting does consider ecosysteméamgtanomy to be different systems, they
are analysed jointly reflecting the fundamental remstions between them. The use of an
accounting framework enables the stock of ecosystertosystem assetsand flows from
ecosystems ecosystem serviceso be defined in relation to each other and alselation to

a range of other environmental, economic and sodiafmation

A prime motivation for ecosystem accounting is ttheg separate analysis of ecosystems and
the economy does not reinforce the vital naturéhefrelationship between humans and the
environment in which we live. The standard appreacto the measurement of the economy
focus largely on economic and other human actihigy is reflected in the activity of markets.
Ecosystem accounting aims to shed light on themarket activity that relates to ecosystems
and integrate this information with relevant manetated data. It is hoped that individual and
social decisions concerning the use of the envieimmay be better informed by developing
information sets based on recognition of the refethip between ecosystems and economic
and other human activity.

In this broad context, the System of Environme&ebnomic Accounting (SEEA)
Experimental Ecosystem Accounting is an integradtatistical framework for organising
biophysical data, measuring ecosystem serviceskitrg changes in ecosystem assets and
linking this information to economic and other humactivity. SEEA Experimental
Ecosystem Accounting provides a complementary petse to the accounting approaches
described in the SEEA Central Framework but dodshawe the status of an international
statistical standard.

SEEA Experimental Ecosystem Accounting is based sgnthesis of measurement concepts
from a number of disciplines and is intended toubed to commence and support work on

! Convention on Biological Diversity (2003), Artick Use of Terms.
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ecosystem accounting and to facilitate the excharigexperiences in the testing of various
aspects of ecosystem accounting. Without a syrghefsivarious concepts and terms, the
ability to communicate effectively across multi@@inary programs of work in this area
would be significantly diminished. Indeed, the papants in the various disciplines are well
aware of the need for further harmonisation in tealogy and definitional coverage even
though the number of core concepts is, in reatitt, extensive. The coherent and integrated
approach presented in SEEA Experimental Ecosystenoutting should be a particularly
useful foundation in this regard.

The style of SEEA Experimental Ecosystem Accountigftpcts that ecosystem accounting is
a relatively new and emerging field of measuremamd hence this work is considered
experimental. Nonetheless, ecosystem accountingdsbwn well-established disciplines
including ecosystem science, ecological econonaiod, official statistics, especially national
and environmental-economic accounting.

Ecosystem accounting as described here encompassesurement of the contribution of
ecosystems to standard measures of economic gcuith as GDP and national income, and
measurement of the role that ecosystems play miging a range of other benefits to human
well-being that are commonly unpriced and not adasd in national level economic
reporting and analysis. The strength of the acdéogniapproach is its capacity to
accommodate a broader scope for the analysis abtheof the environment within the same
broad logic that is applied to the standard measent of the economy.

The extensions beyond standard approaches to egmaooch ecosystem measurement require
the involvement of multiple disciplines. The devmitent of an ecosystem accounting
framework as described here has reflected suchliaiciplinary effort. The ongoing work
to test and establish the relevant statisticalastfucture, to organise and compile relevant
information, and to adopt these more extensiverinftion sets into decision making will
continue to require engagement across disciplindeganisations.

Accounting for ecosystems in physical (i.e. non-gtary) termsis a key feature of the SEEA
Experimental Ecosystem Accounting. There is a figant amount of information in physical
terms that can be organised within an accountirsgnéwork to support analysis and
monitoring. The organisation of physical informatics the focus of Chapters 2, 3 and 4.
Approaches to accounting for ecosystems in mondimys (Chapters 5 and 6) are also
described recognising that this area of measurenagsgs additional complexities relating to
valuation. In this regard it is noted that measwemin monetary terms for ecosystem
accounting purposes is generally dependent on vadahility of information in physical
terms since there are generally few observable ehaddues for ecosystems and the services
they provide.

The text provides an integrated framework for estey accounting but in a number of areas
it is clear that further advancement of concepts #ueory are required, and in all areas the
development and testing of measurement method=eidedl. In recognition, a research agenda
for ecosystem accounting is discussed in Sectiénltlis anticipated that, in due course, the

2 The words “physical terms” are used genericallyetfier to all measures in non-monetary terms. Inesoases
the measures refer to material stocks and flowg. (@ants, animals, water) but in other cases nreasin
physical terms refer to non-material flows suchh&samenity services from landscapes.
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accounting framework described in this documentl wé reviewed in light of country
experience as well as conceptual advances, andagptiafurther support collaboration across
disciplines and countries to develop and use etasyaccounts.

Background to SEEA Experimental Ecosystem Accayntin

SEEA Experimental Ecosystem Accounting has beeeldped within the broader process of
revising the SEEA-2003 — a process initiated by Winted Nations Statistical Commission
(UNSC) in 2007. The primary objective of the SEEision process was the establishment
of a statistical standard for environmental-ecororaccounting. At its 43 meeting in
February 2012, the UNSC adopted the SEEA CentaiEwork as an initial international
statistical standard for environmental-economicaating. The SEEA Central Framework is
a multi-purpose, conceptual framework that deserib&eractions between the economy and
the environment, and the stocks and changes ikssticenvironmental assets. It provides a
structure to compare and contrast source data llowsathe development of aggregates and
indicators, and analysis of trends across a brpadtsum of environmental and economic
issues.

The SEEA revision process also envisaged the dgaftf two additional documents, one
covering those topics for which consensus could mtreached but were highly-policy
relevant, and the other covering applications atidrsions of the SEEA Central Framework.
During the drafting of the SEEA Central Framewadtikhecame clear that those topics within
the SEEA-2003 that could not be advanced and agreead the level of an internationally
agreed standard primarily related to accountingfmsystems and their degradation.

Recognising the increasing relevance and intereshé measurement of ecosystems, their
degradation, and the flow of ecosystem servicesSOSupported the development of SEEA
Experimental Ecosystem Accounting, the processgogianaged through the United Nations
Committee of Experts on Environmental-Economic Agdtng (UNCEEA). SEEA
Experimental Ecosystem Accounting does not corstitin international statistical standard
but rather it provides an accounting frameworkrfarti-disciplinary research on ecosystems
and their relationship to economic and other huativity.

Relationship to the SEEA Central Framework

The accounting framework described in SEEA Expentale Ecosystem Accounting
complements the accounting for stocks and flowgrofironmental assets presented in the
SEEA Central Framework. Like the SEEA Central Fraon, SEEA Experimental
Ecosystem Accounting describes accounting in phys{ce. non-monetary) terms and
monetary terms. The extension in the SEEA to ene@m®@ccounting of stocks and flows in
physical terms is significant and, in particulaequires the integration of scientific
information within standard economic accountingrfeavorks® A key feature of the SEEA is
that the organisation of information in physicahts is undertaken in a manner that facilitates
comparison to economic data and thus adds to asafysm both economic and

% The SNA does incorporate some non-monetary mesgerg. measures of labour input and population) bu
there is no separately described accounting faetineeasures.



environmental perspectives.

1.15 The distinctive perspective in SEEA Experimentalo§stem Accounting concerns the
measurement of environmental assets. In both thEASEentral Framework and SEEA
Experimental Ecosystem Accounting environmentalessare defined broadly as “the
naturally occurring living and non-living componendf the Earth, together comprising the
bio-physical environment, that may provide benefits humanity.* However, for
measurement purposes, environmental assets aredeats from two complementary
perspectives.In the SEEA Central Framework environmental asastsmeasured from the
perspective of “individual” environmental assets;ls as timber resources, land, mineral and
energy resources, and water resources.

1.16 In contrast, SEEA Experimental Ecosystem Accountirepsures environmental assets from
the perspective of ecosystems and, in effect, sssdsow different individual environmental
assets interact as part of natural processes watlsipatial area to provide a range of services
for economic and other human activitEcosystem assets are thus environmental assets see
from a systems perspective.

1.17 Since not all individual environmental assets fiorcivithin ecosystems, notably mineral and
energy resources, a complete accounting for envieotal assets requires both the SEEA
Central Framework and SEEA Experimental EcosystecoAnting.

1.18 By taking a systems perspective of environmentakts information organised following
SEEA Experimental Ecosystem Accounting is ablertwvidle an indication of impacts (both
positive and negative) of economic and other humetivity on the environment and can
highlight the potential trade-offs between the eliéint mixes of ecosystem services that arise
from alternative uses of ecosystems. The assessyhaegstemic impacts on the environment
is not possible using the accounting structureth@fSEEA Central Framework which instead
provides greater focus on the pressures on theamaent as a result of economic activity
through the use of natural inputs or through tHease of residuals, and on the changes in
individual environmental assets as distinct from slistem as a whole.

Relationship to the System of National AccourtA\}S

1.19 As for the accounting described in the SEEA Cerframework, the ecosystem accounting
described in SEEA Experimental Ecosystem Accountiag its genesis in the System of
National Accounts (SNA). The SNA is the internatbstatistical standard for the compilation
of national accounts which incorporates many of rtiest commonly considered economic
measures such as Gross Domestic Product (GDP).elholds consumption and saving,
investment (capital formation), profits (gross aierg surplus), exports and imports, and
measures relating to assets and liabilities. Tigt 8NA was finalised in 1953 and the latest
standard was released in 2008.

1.20 One motivation for the SEEA is the recognition tttee SNA does not provide an explicit or
comprehensive accounting for environmental stockkflows that are relevant in the context

* SEEA Central Framework, 2.17
® See SEEA Central Framework 2.16 — 2.23.
® This dual perspective on environmental assetsisduced in the SEEA Central Framework (2.17-2.22)

10
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of a more complete assessment of economic actilntythis context, SEEA Experimental
Ecosystem Accounting represents one approach todang an extension to the SNA.

In order to provide such an extension SEEA ExpembaleEcosystem Accounting retains
many of the core accounting concepts and approatia¢shave developed over time in an
SNA context. The scope of economic activity, defimis and classifications of economic
units, the types of accounts and principles of atiun are all aligned between the two
documents.

At the same time, SEEA Experimental Ecosystem Anting extends some measurement
boundaries of the SNA. First, a broader set ofisesvis recognised as contributing to human
well-being. This is achieved by accounting for gsbem services beyond those that provide
input to the production of goods and services #rattraditionally within scope of the SNA
production boundary. Second, the asset boundaeytended compared to the SNA through
(i) using the whole bio-physical environment agatsg point (as done in the SEEA Central
Framework); and (ii) recognising a broader seteo¥ises from ecosystem assets.

In making these changes it should be recognised tthgrovide a consistent accounting
treatment it is necessary to apply the ecosysteoousmting approach within the SNA
measurement boundaries as well as beyond them.eHenderstanding and making explicit
relevant stocks and flows within the SNA is an imipnt aspect of ecosystem accounting.

The role of valuation in SEEA Experimental EcamysAccounting

Valuation in SEEA Experimental Ecosystem Accounimgonsidered through the estimation
of relevant stocks and flows in monetary terms.inkation in monetary terms is required
where there is intent to augment the accounts ef SNA with ecosystem accounting
information, for example in the compilation of extked measures of wealth or augmented
sequences of accourt&stimation in monetary terms may be sought foeotkasons as well
including the assessment of alternative policy ades and measurement of the social
benefits of ecosystem services.

While measures in monetary terms may be considenpdrtant for some purposes, there is
significant advantage in applying accounting apphesa to the organisation of information
expressed in physical terms and the compilaticeccobunts in physical terms, as shown in the
SEEA Central FrameworkConsequently, the potential of ecosystem accogrtindescribed

in SEEA Experimental Ecosystem Accounting is netrieted by a requirement for valuation
of ecosystem assets and ecosystem services or amhition to derive degradation adjusted
measures of national income.

The broad scope of ecosystem accounting recogttis¢gshe assessment of the relationship
between ecosystems and economic and other humgityacan be informed by a wide range
of data, in both physical and monetary terms, prieskin a coherent and integrated manner.

Policy relevance of ecosystem accounting

"It is noted that ecosystem accounting informatiophysical terms may be combined with economiadat
monetary terms through so-called combined presentatSee Chapter 6.

8 The SEEA Central Framework outlines physical aotetor flows of energy, water and various residlais
and also describes accounting for stocks of indi@ié&nvironmental assets in physical terms.

11
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The policy relevance of ecosystem accounting fonemic and environmental assessments is
very broad and real. It stems from the understanttiat policy responses should recognise
the fundamental connections between economic ctwid ecosystems. Increasingly, policy
in different areas of public concern is being cdased in a more integrated, multi-disciplinary
fashion with economic, social and environmentaldescbeing assessed jointly in determining
appropriate policy responses. In this regard thegnated structure of ecosystem accounting,
and the SEEA generally, is of particular relevanéhin ecosystem accounting the potential
for combined presentations of economic data, amensfic and other physical data is a
particular feature.

A general motivation is that ecosystem accountiag provide information for tracking
changes in ecosystems and linking those changesaimomic and other human activity. A
particular motivation for the development of ecdsgs accounting stems from the concern
that economic and other human activity is leadimgamh overall degradation of ecosystems
and, consequently, there is a reduced capacityedosystems to continue to provide the
services that people are dependent on.

In combination with the accounts of the SEEA CdnEiamework, ecosystem accounting
information on the extent to which ecosystems arpaicted by economic and other human
activity can be used to evaluate a number of polgsues including; the potential for

alternative patterns of consumption, production aedumulation; alternative sources of
energy and other resources and the extent of dérgug economic growth; the effectiveness
of resources spent to restore and enhance ecosysterd more generally the trade-offs
between the different mixes or baskets of ecosystenmvices that arise from alternative uses
of ecosystems.

The potential to assess trade-offs between mixémskets of ecosystem services is likely to
be a particularly powerful application of the ecsteyn accounting framework. This potential

arises from (i) the broad scope that includes estegy services that contribute to current
measures of economic activity as well as otherystem services, (ii) the connections in the

framework made between ecosystem services and ebdmgcosystems themselves (e.g due
to ecosystem degradation), and (iii) the links leetw the ecosystem accounting framework
and the standard measures of economic activityepted in the SNA.

SEEA Experimental Ecosystem Accounting providesghts into how ecosystems can be
conceptualised as a form of “capital” which maynthae considered in relation to other
measures of capital including economic, human, asoahd other environmental capital.
Assessment of changes in quantity and quality oadbrmeasures of capital are generally
recognised as an important element in the assessrheustainable development and overall
human well-being.

Since ecosystem accounting requires the developofiel@tasets pertaining to specific areas it
can provide information for the assessment of natiegl policy responses at that level of
detail, for example in the management of river mmsifisheries, protected areas, and
agricultural areas.

For international policy monitoring processes, SHEfperimental Ecosystem Accounting has
a potential to provide a base to build informatgats for use in assessing global ecological
cycles and the related global economic challenges. examples in this area relate to carbon

12
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and biodiversity. Recognising that stocks and flefvsarbon and changes in biodiversity are
central elements in understanding the operatioranfsystems, it is clear that ecosystem
accounting may assist in providing a coherent nreasent basis for these two policy areas.

Overall, the broad and integrated nature of the ASEEperimental Ecosystem Accounting
and its underlying accounting approach are of direlevance in the organisation of data for
assessing changes in ecosystems and the servieggtbvide, and placing the relevant
information in a socio-economic context.

Objectives and challenges in ecosystem accounting
Accounting objectives

The over-arching objective of developing an accmgntstructure is the integration of

environmental and economic information to infornliggodiscussion in a range of areas as
outlined in the previous section. Within this, tim@re specific objectives in establishing an
accounting structure are:

(i) Organising information on the environment from atsgd perspective describing, in
a coherent manner, linkages between ecosystemgambmic and other human
activity

(i) Applying a common, coherent and integrated setoofcepts, classifications and
terminology thus providing a platform for co-ordiioa, research and testing

(i)  Allowing connections to be made to environmentalrexnic information compiled
following the SEEA Central Framework thus aiding thnderstanding of the
contribution of ecosystem services to economic pectidn, consumption and
accumulation, the attribution of the degradatiestoration and enhancement of
ecosystems to economic units, and the developméninare comprehensive
measures of national wealth

(iv) Identifying information gaps and key informatiomuoirements.

In order to meet the various accounting objectitesye are some specific measurement
aspects that are considered in SEEA Experimentaystem Accounting, noting that some of
these aspects are more advanced than others. diteese

(i) The objects of measurement — ecosystem assetsasygseem services — need to be
defined in a manner that permits the compilatiorobiust and meaningful statistics;

(i) Spatial areas for the assessment of ecosystens asset to be delineated,;

(i) The structure of relevant accounts needs to benedtlincluding links to the
accounts described in the SEEA Central Framewart; a

(iv) Relevant valuation concepts and techniques neée ttescribed and placed in the
context of standard valuation principles of the SNA

13
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Measurement challenges

A full articulation of ecosystem accounting wilheivitably, require the use of much detailed
data. However, although this is a relatively neeaanf accounting, a large amount of relevant
information may be available from existing data rees, particularly for data in physical
terms. At the same time there are data issuesniliateed resolution. For example, some of
the data may be proxies of the “ideal” measuresdtta are likely to be initially incompatible
with each other, and they may be dispersed acragsus organisations. Consequently, a
significant amount of work and associated resouatedikely to be required to organise and
integrate the information. In addition it must becognised that some data required for
ecosystem accounting are likely to be missing ceteht and additional collection of
information will be needed.

These measurement challenges however, do notdatalthe use of accounting frameworks
to compile coherent and structured information.eba| an important role of an accounting
framework is to assist in the identification of @lgaps. Support for identifying and filling data
gaps should also be provided through the updatesnéwork for the Development of
Environment Statistics (FDES) which has been deesgloin conjunction with the SEEA
process.

Due to ecosystem accounting’s measurement focispatial areas, a significant opportunity
exists to take advantage of emerging spatially iipedatasets and related analytical
techniques.

Central to the success in meeting these variousuatiog objectives is the involvement of a
wide-range of professional communities, most ngtatdtural scientists, economists, social
scientists, and official statisticians. While alf these communities come from different
perspectives, each group has an important role lag p developing the appropriate
accounting framework and in populating that framesweith meaningful information.

The types of agencies and organisations that &edylito be involved include national
statistical offices (NSO); government scientificdameteorological agencies; departments of
environment, agriculture, forestry and fishing; ajasernment geographical and geo-spatial
information agencies. The establishment of appabgriinstitutional co-ordination and
management arrangements is essential if the wadklis routinely implemented.

Further, given the new and emerging status of etesy accounting there is strong potential
to harness the capability of the academia to develod test aspects of the ecosystem
accounting framework that is proposed. Input frocademia may be particularly useful in

standardising and accrediting scientific informatifor use in national level ecosystem

assessments, in articulating the complex linkagdwden the condition of ecosystem assets
and the ecosystem services they generate, andveneidg research on the valuation of

ecosystem services and ecosystem assets.

In practice, it is unlikely that all data requiréal comprehensively report on all aspects of
ecosystem accounting described here will be availab the short term in any country.

Consequently, as for the SEEA Central Frameworkintées are encouraged to consider
which aspects of ecosystem accounting are of neevance, and to consider the use of
available indicators of relevant accounting compdsie Thus stepwise and incremental

14



14
1.44

1.45

1.46

1.47

1.48

1.49

1.50

151

approaches towards ecosystem accounting by taggstiacific areas or types of ecosystem
service may be the most practical starting poimtsany cases.

Therole of national statistical offices

There are a number of aspects of ecosystem acnguasi described in SEEA Experimental
Ecosystem Accounting that warrant the involvemdmational statistical offices (NSO). The
actual role an individual NSO might play will depkepn the scope of the activities it has
traditionally been involved in. For example, som8Mhave strong traditions in relation to
working with geographic and spatial data, and athesive a history of development and
research. NSO with these types of experience maghbe to play leading roles in the
development of ecosystem accounting.

Those NSO without this experience may still playiaportant role. Government agencies
leading ecosystem accounting research are encalitagdilise the expertise of NSO in the
following areas that are common roles played bgtaliistical offices.

First, as organisations that work with large andiots datasets, NSO are well placed to
contribute their expertise in the collection andamisation of data from a range of different
sources.

Second, a core part of the role of NSO is the éstabent and maintenance of relevant
definitions of concepts and classifications. Theaaof ecosystem accounting has many
examples of similar concepts being defined diffédyeand there are known to be multiple
classifications of ecosystem services and ecosysypes. In many cases each new study
develops its own concepts and classifications. TBIEEA Experimental Ecosystem
Accounting is a first attempt to give stronger @uide in this important measurement
discipline and the ongoing involvement by NSO iis tirea of work would be beneficial.

Third, beyond the organisation of information, N&&ve capabilities to integrate data from
various sources to build coherent pictures of @aeconcepts. Most commonly NSO focus on
providing coherent pictures in relation to sociommmic information and this capability can

extend to environmental information. Given the indisciplinary nature of ecosystem

accounting data integration is an important recuéet.

Fourth, NSO work within broad national and interoiaél frameworks of data quality that
enable the assessment and accreditation of vanidosmnation sources and the associated
methodologies in a consistent and complete manner.

Fifth, NSO have a national coverage. The focus & SEEA Experimental Ecosystem

Accounting is on the provision of information thprmits analysis at the national level rather
than site or ecosystem specific information thahgse commonly available. Creating national

economic and social pictures is a relatively uniqoée undertaken by NSO and the

understanding of scaling data is implicit in cregtithese pictures. Ecosystem accounting
could benefit substantially from consideration ofvhstandard statistical techniques used for
official statistics may be applied, in particularthe context of geo-spatial statistics.

Sixth, NSO can present an authoritative voice byugi of the application of standard
measurement approaches, data quality frameworkstlaid relatively unique role within
government.
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A large number of NSO are also involved in the civation of national accounts. The
application of national accounting expertise wid fdery important in the development of
ecosystem accounting particularly in the contexéfiérts to understand the most appropriate
ways in which physical and monetary measures ofystem assets and services can be
integrated with information from the standard naéilbaccounts. Of particular importance will
be understanding those aspects of ecosystem acuptimit may be implicitly recorded in the
standard national accounts — for example as parteafsures of agriculture production and the
value of land.

All of these factors suggest that there is a roleNSO in the development of ecosystem
accounting under a variety of possible institutimaangements.

Thekey disciplinesin ecosystem accounting

While ecosystem accounting is a relatively new anderging field of measurement, its
foundation in ecosystem science, economics, angnataccounts is strong. Research in
these fields continues to deal with the ever irgirgacomplexity of economic activity and our
ever increasing understanding of the world in whighlive. At the same time there are some
core understandings of ecosystem science, econ@métsational accounts that are accepted
and hence form a base for ecosystem accounting.

Core principles of ecosystem science

Ecosystems are a “dynamic complex of plant, aniama micro-organism communities and
their non-living environment interacting as a fuaoal unit®. The operation of ecosystems
involves ecosystem processes such as the captutighdf energy and carbon through
photosynthesis, the transfer of carbon and enengyugh food webs, and the release of
nutrients and carbon through decomposition. Biagitg affects ecosystem functioning, as do
changes from disturbance and succession. The pléscof ecosystem management suggest
that rather than managing individual species, @&t@sources should be managed at the level
of the ecosystem itself.

Ecosystems contribute to the generation of a wadegoods and services upon which people
depend. These contributions are known as ecosystevices. Single ecosystems will usually
generate a number of different ecosystem servicegieneral terms, the capacity of an
ecosystem to provide ecosystem services dependseoarea covered by an ecosystem (its
extent), and the condition of the ecosystem (italit). This capacity is modified through
human behaviour both positively and negatively. @amly, through land use conversion,
certain types of ecosystems have been replacedfbyedt ecosystems supplying a different
set of ecosystem services, as in the case of fooeserted to cropland.

Ecosystems are often subject to complex, non-lidgaamics involving negative or positive
feedback loops. These complex dynamics include,ef@ample, the presence of multiple
steady states, irreversible change or stochasti@@m) behaviour. It is now recognised that
many types of ecosystems are influenced, and afiminated by complex dynamics,

% Article 2 Use of Terms, Convention on Biological/ersity, 2003
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including temperate and tropical forests, rangedamdtuaries, and coral reefs. Concepts of
resilience, thresholds and irreversibilities arastiimportant aspects in the consideration of
ecosystems.

Core principles of economics

Economics has developed into a broad field of stalsering investigations into all manner of
human activities from industrial activity, to fingial markets, to the behaviour of consumers.
In general terms, economics is the study of thdcelsoconsumers, business managers and
government officials make to attain their goalsiegi their scarce resources. Concepts relating
to production, consumption, the accumulation andhexghip of assets and the influence of
prices are central to the study of economics.

Given the integrated relationship between the emgnand ecosystems many branches of
economics may have a direct interest in ecosystuouating and can offer theoretical and
practical input. The sub-fields of agricultural somics, natural resource economics,
environmental economics, and ecological econontigsofparticular relevance to ecosystem
accounting?

From a policy perspective, issues such as intra intetgenerational equity and income
distributions, potentially irreversible environmahtchange, the uncertainty of long-term
outcomes, and sustainable development are comneas af focus for economists — noting
that there are many more issues to which econdmaisdeen applied.

Natural resource economics has traditionally foduse optimal extraction of hon-renewable
and renewable resources from a social perspedtgsearch is now focused on all types of
natural resource questions with a focus on sudilnase of non-renewable and renewable
resources. Insight into sustainability of policieobtained by blending economic theory with
models and findings from the natural sciences.

Environmental economics is largely focused on metethat can contribute to resolve issues
of market failure. Market failures of particularténest are related to externalities, common
property and public goods. Two main approachesimwiémvironmental economics are the
establishment of markets and the identificatiom@fsing prices.

Ecological economics has worked directly on theegnhtion of economic and ecological
principles. Ecological economics is a field of @®d that crosses a number of traditional
disciplines and considers the interdependence anevalution of human economies and
natural ecosystems over time and space. One ofligteguishing features of ecological
economics is its treatment of the economy as asgstem within the ecosystem and
consequently it has an interest in the preservatioacosystems on which the economy is
dependent.

From an accounting perspective, economics underparg/ relevant concepts including those
relating to ecosystem assets and the associatwdflecosystem services. By using a broad
conceptualisation of services, economics is abletwsider trade-offs between the generation

2 While these labels exist, it should be recogntbet the boundaries between these fields in peictic
research are often quite fluid.
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and use of different services in a more comprelentshion. Further, by considering the
relationship between ecosystem assets and serflmes, the potential for ecosystems to
continue to provide services into the future becomalirect point of analysis. Such analysis
involves consideration of the carrying capacityre environment.

A number of branches of economics consider theat@n of ecosystem services, most
commonly in a welfare context to assess broadearlsoasts and benefits of different policy
choices. A broad and expanding set of approachies texundertake valuation of these often
unpriced services.

Core principles of national accounts

At the heart of national accounting is the ambitionrecord, at a national, economy-wide
level, measures of economic activity and associsttecks and changes in stocks of economic
assets. The accounting approaches are descrilteruigét in the System of National Accounts
(SNA). The SNA is the international statisticalrtard for national accounting, first released
in 1953 and most recently updated and releasedyjdim 2008 by the United Nations, the
European Commission, the International Monetarydi-tine Organisation for Economic Co-
operation and Development (OECD) and the World Bamile SNA provides the conceptual
underpinnings of the SEEA Central Framework and ASEExperimental Ecosystem
Accounting.

Following the SNA, economic activity is defined the activities of production, consumption
and accumulation. Measurement of each of theseviteti over an accounting period
(commonly one year) is undertaken within the castrof a production boundary which
defines the scope of the goods and services caeside be produced and consuméd.
Accumulation of these goods and services in thenfof economic assets (for example,
through the construction of a house) is recordezhses where production and consumption is
spread out over more than one accounting periodh&i non-produced economic assets may
be accumulated (for example, through the purchésand). At its core, national accounts is
the reporting of flows relating to production, cangtion and accumulation, and stocks of
economic assets.

Central to the measurement of economic activity aoohomic assets is the recognition of
economic units — i.e. the different legal and dosidities that participate in economic activity.
At the broadest level these entities are categbrias enterprises, governments and
households. The economy of a given territory isnaef by the set of economic units (referred
to in the SNA as institutional units) that are desit in that territory.

The national accounts thus aim to organise andeptaasformation on the transactions and
other flows between these economic units (includfliyvs between units in different
territories), and on the stocks of economic asseteed and used by economic units.

There are strong similarities between national aesting and the accounting that is
undertaken for an individual business. However, itteén distinctions are that (i) national
accounting requires consideration of the accountimgications for more than one business

1 This boundary also defines the measurement sawpthé most widely known national accounts aggmegat
Gross Domestic Product (GDP).
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(thus the recording must be consistent for bothigsato a transaction without overlaps or
gaps); and (ii) national accounting operates air dairger scale in providing information for a
country and encompassing a wide variety of typesaoinomic units that play quite distinct
roles in an economy.

Creating linkages between disciplines

Placing ecosystems in a national accounting conegtiires these disciplines to consider
measurement in new ways. For ecologists, this reguireating clear distinctions between
ecosystem assets and service flows within an etmayand to differentiate between those
aspects of ecosystems that provide direct bertefieconomic and other human activity and
those aspects of ecosystems that, effectively,@tipige provision of these benefits.

For national accountants, it is necessary to cendite set of goods and services produced
and consumed in the context of the set of bengfisided by ecosystems and also to see the
ecosystem as a complex, self-regulating system wizite influenced by economic activity,
also operates outside of the markets and propediytsr that traditionally define the
measurement boundaries of the national accounts.

For economists, it is necessary to consider theirceptual models concerning the links
between ecosystems and the economy in a strictuating sense, and to consider the
complexities of integrating new measures of asaat$ services with traditional economic
measures.

Fundamentally, ecosystem science, economics andnahtaccounting are disciplines that
recognise the significance of systems and the miasslationships that comprise their fields
of interest. Ultimately, it is the aim of SEEA Expeental Ecosystem Accounting to present a
system based approach to recording the relatiosdfgépveen ecosystems, the economy and
society that is useful for public policy making agrdvironmental management.

Structure of SEEA Experimental Ecosystem Accounting

Chapter 2 “Principles of ecosystem accounting” @nés the model of ecosystem operation
that underpins the ecosystem accounting framewondkaces the model in the context of
ecosystems, ecosystem services, and ecosysters. a8sese various parts of the model are
subsequently described in greater detall in lab@pters. Chapter 2 also presents a model of
statistical areas that can form a basis for ecesystccounting, and discusses some general
measurement issues that apply to all areas of st@myaccounting.

Chapter 3 “Accounting for ecosystem services ingidgl terms” discusses the measurement
of ecosystem services highlighting key issues opecand coverage, presenting a common
classification of ecosystem services, proposindchkescounting structures for recording flows

of ecosystem services, and describing generalgssuthe measuring of the various types of
ecosystem service. An annex contains a range ohghes of the measurement of ecosystem
services in physical terms.

Chapter 4 “Accounting for ecosystem assets in maysterms” considers measures of
ecosystem extent, condition, and expected ecosystevice flows. It explains approaches to

19



1.78

1.79

1.80

17
1.81

1.82

1.83

the measurement of ecosystem assets, the organigétihis information into ecosystem asset
accounts, and the measurement challenges involmednaking overall assessments of
ecosystem assets and changes in these assetzafople due to ecosystem degradation or
enhancement. Chapter 4 also highlights some spemiias of accounting, namely carbon
accounting and accounting for biodiversity, and temtionship of these specific areas to
ecosystem accounting.

Chapter 5 “Approaches to valuation for ecosystermouawting” introduces the general
concepts of value that may be utilised in ecosysteoounting and outlines the principles of
valuation that are applied in the SEEA. Buildingtbase concepts and principles, the chapter
describes a range of methods for valuation of estegy services and discusses their
consistency with the valuation concepts and priasipThe chapter also considers a range of
measurement issues including aggregation and gcelitimates for ecosystem services and
ecosystem assets.

Chapter 6 “Accounting for ecosystems in monetamm$d introduces how estimates of
ecosystem services, ecosystem assets and ecosystgadation in monetary terms can be
integrated with information in the traditional ratal accounts. This chapter also highlights
the way in which standard monetary transactioncaed with ecosystems can be
recognised and recorded, with particular mentiotheftreatment of payments for ecosystem
services.

These six chapters are supported by a number axasnthat provide additional detail on
various topics within the main text. The annexegecapproaches to measuring ecosystem
services, accounting for carbon and biodiversityd gossible models for a sequence of
accounts. An annotated glossary has been includad defines relevant terms and notes
alternative terms that are commonly used, and actsired list of references has been
provided. Finally, a research agenda outliningeyf &reas of future work has been included.

Resear ch agenda

The intent of SEEA Experimental Ecosystem Accountis to provide a synthesis of the
developments in ecosystem accounting. Many of tdeselopments are relatively recent and
in that sense many aspects of SEEA ExperimentadyStem Accounting are part of ongoing
research and development work in various relateciglines.

An annex outlines a targeted research agenda fisystem accounting focusing on those
areas that are considered in most need of furthestigation in order to advance ecosystem
accounting as a whole. It is expected that thestigation of the issues on the research agenda
is undertaken in joint fashion across disciplined an conjunction with ongoing research and
testing programs.

In addition to advancing a research agenda it jgomtant that experience be gained through
the testing of the accounting framework outlined SEEA Experimental Ecosystem
Accounting. To this end it is expected that thecgpts and terminology described here will
support testing efforts and facilitate the sharbfgexperiences in ecosystem accounting.
Through such a research and testing process ihvsaged that an improved ecosystem
accounting framework can be developed in due course
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Chapter 2: Principles of ecosystem accounting

An overview of ecosystems and biodiver sity
Ecosystems

“Ecosystems are a dynamic complex of plant, aniamal micro-organism communities and
their non-living environment interacting as a fuaeal unit.**They change as a result of
natural processes (e.g. succession, natural disioes such as a storm) or because of human
actions - either through deliberate managementimugh human disturbances such as the
extraction of natural resources, the introductibimeasive exotic species, or pollution.

Traditionally, ecosystems have been associated withe or less ‘natural’ systems, i.e.
systems with only a limited degree of human infeeerHowever, a wider interpretation has
become more common, based on the recognition tiragh activity influences ecosystems
across the world.

Different degrees of human influence can be obskrier instance, in a natural forest or a
polar landscape, ecosystem processes dominateytizenits of the ecosystem and there are
likely to be fewer impacts from human managementth& ecosystem or from human
disturbances. At the other end of the spectrumg greenhouse or in intensive aquaculture
ponds, ecosystem processes have become heavilienioftd by human management, and
ecosystems close to human settlements may beisantlfy affected by human disturbances
such as pollution.

Assessment of ecosystems should consider theictkaacteristics. Ecosystem characteristics
relate to the ongoing operation of the ecosystethinlocation. Key characteristics of the
operation of an ecosystem are (i) its structurg tbe food web within the ecosystem); (ii) its
composition, including living (e.g. flora and fagnand non-living (e.g. soil, water)
components; (iii) its processes (e.g. photosynghessicomposition), and (iv) its functions (e.g.
recycling of nutrients in an ecosystem, primary dudivity). Key characteristics of its
location are (i) its extent; (ii) its configuratigne. the way in which the various components
are arranged and organised within the ecosystdi))the landscape forms (e.g. mountain
regions, coastal areas) within which the ecosystenocated; and (iv) the climate and
associated seasonal patterns. Ecosystem charticsegiso relate strongly to biodiversity at a
number of levels.

Ecosystems can be identified at different spattalles, for instance a small pond may be
considered as an ecosystem, as may a tundra emosgsetching over millions of hectares.

In addition, ecosystems are interconnected, conyrtaeihg nested and overlapping, and they
are subject to processes that operate over vatyimg scales. Consequently, the scale of
analysis will depend on whether there is a focutheninternal interactions within ecosystems
or on ecosystem types more broadly.

12 Convention on Biological Diversity (2003), Artick Use of Terms.
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It is widely recognised that ecosystems are suligecomplex dynamics. The propensity of
ecosystems to withstand change, or to return tw thiial condition following natural or
human disturbance is called ecosystem resilienbe. résilience of an ecosystem is not a
fixed, given property, and may change over time,efikample, due to ecosystem degradation
(e.g. timber removal from a forest) or ecosystemagcement (e.g. through management of
wetlands). Other aspects of the complex dynamieosystems are reflected in the presence
of thresholds, tipping points and irreversibilitidhese complex dynamics and the associated
non-linear relationships between the different gstesn characteristics make the behaviour of
ecosystems as a function of human and naturalrestaes difficult to predict, although there
have been significant improvements in human undedshg of these dynamics.

Biodiversity

Biodiversity is defined as ‘the variability amorigihg organisms from all sources including,
inter alia, terrestrial, marine and other aquatic ecosystanusthe ecological complexes of
which they are part, this includes diversity witsipecies, between species and ecosystéms’
The scientific community has conceptualised biodiig as a hierarchy of genes, species and
ecosystems.

The processes contributing to biodiversity changemany and varied. Nonetheless, some
generic types of processes leading to changesoidivigirsity at the ecosystem and species
level can be identified.

At the ecosystem level, biodiversity loss is chadsed by the conversion, reduction or
degradation of ecosystems (or habitats). Genegallthe level of human use of ecosystems
increases or intensifies above critical threshatdsdiversity loss increases. The corollary is
that increases in biodiversity can be shown to teadcreases in the resilience of ecosystems
and increases in primary productivity.

In general, where biodiversity loss increases, mamyemic species occurring in a particular
area will decrease in abundance while at the sameedome species, in particular those that
benefit in disturbed habitats, increase in abunelaas a result of human interventions. That
is, the endemic species are gradually replaceddsetthat are favoured by human influence
(either endemic or exotic), some of which may ashilarge numbers. The extinctions of the
endemic species are often the final step in a pgess of gradual reductions in numbers. In
many cases, local or national species richnesstkieetotal number of species regardless of
origin) increases initially because of exotic spscintroduced or favoured by hum¥ns
Because of these changes ecosystems lose thenatgndemic species and become more
and more alike — a process described as “homodimiss.

The interconnected nature of biodiversity and estesys is reflected in the reality that
biodiversity is a fundamental characteristic of @bems, while at the same time variability
among ecosystems is a fundamental driver of bioslitye There are therefore also important

13 Convention on Biological Diversity, Article 2, Usé Terms.

4 This is the so-called “intermediate disturbanceerity peak”, Lockwood and McKinney, (2001). Bioti
Homogenization. Kluwer, New York. 289p.

5 Lockwood and McKinney, (2001). Biotic Homogenizeti Kluwer, New York. 289p and Millennium
Ecosystem Assessment (200&kp://www.maweb.org/en/Reports.aspx
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links between biodiversity, ecosystems and resiBethat reflect the complex dynamics
referred to above.

Key conceptual relationshipsin ecosystem accounting

In common with all accounting systems, ecosystepo@tting is founded on relationships
between stocks and flows. The stocks in ecosystemuating are represented by spatial areas
each comprising arecosystem asstt Each ecosystem asset has a rangesanfsystem
characteristics— such as land cover, biodiversity, soil typeitudie and slope, climate etc —
which describe the operation and location of thesgstem. Some of these characteristics may
be considered relatively fixed (e.g. slope andwal#) while others are more variable (e.g.
rainfall, land cover and biodiversity).

The flows in ecosystem accounting are of two typést, there are flows within and between
ecosystem assets that reflect ongoing ecosystemegses — these are referred tanas-
ecosystem flowsand inter-ecosystem flowsThe recognition of inter-ecosystem flows
highlights the dependencies between different estery assets (e.g. wetlands are dependent
on flows of water from further up the river basin).

Second, there are flows reflecting that peoplepugh economic and other human activity,
take advantage of the multitude of resources andegses that are generated by ecosystem
assets — collectively these flows are knowneegsystem serviceEcosystem services are
generated through ecosystem processes that reflect combination of ecosystem
characteristics, intra-ecosystem flows and intersgstem flows.

Figure 2.1 presents the basic relationships ofstieeks and flows relevant in ecosystem
accounting. The key feature of the figure is thatheecosystem asset represents a distinct
spatial area with economic and human activity tgkitace within that area. Thus the model
recognises the strong spatial relationship betveseisystems and economic and other human
activity. The model also recognises the strong eotians between ecosystem assets both in
terms of ecosystem processes and in terms of egebaof economic products and other
social interactions that cross spatial boundaries.

6 The relationship between ecosystem assets andoeméntal assets as defined in the SEEA Central
Framework is described in Section 2.6.
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Figure 2.1 Basic model of ecosystem stocks and flows
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From a measurement perspective, ecosystem accgudatinses (i) on the flows of ecosystem
services to enable improved understanding of thatioeship between ecosystems and
economic and other human activity; and (ii) on sheck and changes in stock of ecosystem
assets to enable an understanding of changes systems and their capacity to generate
ecosystem services in the future. Changes in iatd-inter- ecosystem flows which relate to
the general operation of ecosystem processes @ehdencies between ecosystems are not
accounted for explicitly. Rather, changes in thiéses are captured through their effect on
ecosystem assets and ecosystem services.

This basic model of ecosystem stocks and flowgceflone view of the physical relationships
that are present within and between ecosystemprdctice, the relationships are far more
complex than depicted in Figure 2.1. However, silngemodel is couched in terms of stocks
and flows, the model can also be applied in thetecdnof measuring the relationships in
monetary terms. This dual, physical and monetgplieation of the model lies at the heart of
the ecosystem accounting described here to preaderent and integrated information about
the relationship between ecosystems and econordiothier human activity.

The remainder of this sub-section provides a matailkd description of this basic model.
Additional discussion relating to the definitiondameasurement of ecosystem services and
ecosystem assets is presented in the remainingeckap

Ecosystem services
A model for ecosystem servities

Ecosystem services are central in the ecosysteouating framework since they provide the
link between ecosystem assets on the one handhargkenefits used and enjoyed by people
on the other. Hence they are at the intersectioth@frelationship between ecosystems and
economic and other human activity which is the #af the environmental-economic
accounting described in the SEEA.

Y The model of ecosystem services developed for SEEgerimental Ecosystem Accounting is based on a
large literature related to this topic. An annadabébliography is included as an annex.
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2.20 A range of definitions and interpretations of eaieyn services have been used in various
contexts from site specific case studies to larggional and global assessments of
ecosystems. For accounting purposes it is mosulugefconsider ecosystem services in the
context of a chain of flows that connect ecosystevite well-being. The overall model is
shown in Figure 2.2.

2.21 Starting aindividual and societal well-beinghe chained approach recognises that well-being
is influenced by the receipt dfenefits® In the context of ecosystem accounting, benefits
comprise

(i) The products produced by economic units (e.godf water, clothing, shelter,
entertainment, etc). These are referred tGBE#& benefitas the measurement boundary is
defined by the production boundary used to mea@E. This includes goods produced by
households for their own consumptitn.

(ii) The benefits that accrue to individuals theg aot produced by economic units (e.g. clean
air). These benefits are referred torem-SNA benefitseflecting that the receipt of these

benefits by individuals is not the result of anmmmic production process defined within the
SNA. A distinguishing characteristic between thege types of benefits is that, in general,

SNA benefits can be bought and sold on marketse@senon-SNA benefits cannot.

2.22 SEEA Experimental Ecosystem Accounting aims to jgi®a coherent and integrated view of
all contributions from ecosystems to human wellgeiDrawing a distinction between SNA
and non-SNA benefits facilitates alignment and cehee with standard national accounting
measures.

'8 The relationships between benefits and well-baimgnot the focus of the SEEA and hence are riotiated.

9 The goods produced by households include outpats $ubsistence agriculture, the production of gyéor
own consumption, and the collection of water. Itnisted that SNA benefits exclude services provitdgd
households for their own consumption such as megigvation and child care.
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Figure 2.2 Stylised model of flowsrelated to ecosystem services
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2.23 In SEEA Experimental Ecosystem Accountirgpsystem services are the contributions of
ecosystems to benefits used in economic and other human activity.’’ As can be seen in
Figures 2.1 and 2.2 this definition excludes solowd that are considered ecosystem services
in other contexts, in particular intra- and inteeosystem flows that relate to ongoing
ecosystem processes, commonly referred to as dimpeervices. While these flows are not
considered ecosystem services, they are consi@eargart of the measurement of ecosystem
assets.

2.24  The model of ecosystem services takes no directuatof so-called ecosystem “disservices”
such as pests and disease. To some extent thestseffill be reflected in reduced flows of
some ecosystem services (e.g. lower flows of enwilental regulation services). Chapter 3
discusses this issue further.

2.25 Defining ecosystem services as “contributions” hgjfis that ecosystem services are only
one part of a broader set of inputs that are coetbin provide the benefits. For example, the
benefit of clean drinking water is, most commornhe end result of the water abstracted from
an ecosystem and the use of human inputs of ladediproduced assets (e.g. pipes, wells,
filtration equipment, etc.). These combinationgngiuts may be considered instances of joint
production and are a feature in the productionNbA enefits.

20 1n this context, “use” includes both the transfotiom of materials (e.g. use of timber to build hesi®r for
energy) and the passive receipt of non-materiadystem services (e.g. amenity from viewing landesap
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For non-SNA benefits there are usually few humauis in their generation and hence the
ecosystem service and the associated benefit maffdct, be equivalent (e.g. the benefit of
clean air from the ecosystem service of air filtnatby trees and other plants). By convention,
the measurement scope of non-SNA benefits for etesyaccounting purposes is limited to
the flow of ecosystem services with an identifidbi& to human wellbeing.

Ecosystem services do not relate only to casesanfelt or extraction of materials from
ecosystems. Ecosystem services also relate toetiera functioning of the ecosystem (e.g.
air filtration services from trees providing cleair) and to other characteristics of an
ecosystem (e.g. the physical structure and composaf mountain landscapes providing
wonderful views). Thus the term “services” is udeete in an all-encompassing manner
covering the various ways in which humans may hefreim ecosystems.

Ecosystem services do not represent the compldteofséiows from the environment.
Important examples of other environmental flowdude the extraction of mineral and energy
resources, energy from the sun for the growingrops and as a renewable source of energy,
and the movement of wind and tides, which can hucad to provide sources of energy.
More broadly, the environment provides the spacevimich economic and other human
activity takes place, and the provision of space to@ conceptualised as an environmental
flow. Collectively, these other environmental floase referred to aabiotic servicesThe
relevant boundary issues are discussed furthehapter 3.

The final step in the series of flows related t@system services is the recognition that
ecosystems do not function only to generate ecesyservices. Many intra- and inter-
ecosystem flows do not benefit humans directly bhey support the functioning of

ecosystems which in turn makes it possible to gegadinal ecosystem services. Therefore,
the multitude of ecosystem flows and charactesdtiat constitute a functioning ecosystem
are of relevance and can be captured by accoufttiregosystem assets.
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Figure 2.3 Broad model of flowsin ecosystem accounting
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One way of reflecting the relationships betweensgstem services and the other relevant
measures concerning ecosystems is presented imeF&y8. This figure places ecosystem

services in the context of the bio-physical envinent, ecosystem assets, ecosystem
processes, ecosystem characteristics, abioticcesnand benefits. The figure highlights the
variety of relationships and connections betweenphysical earth and the benefits used in
economic and other human activity. Chapter 3 pmewichore detail regarding the relevant
measurement boundaries that need to be definednsaree appropriate accounting for

ecosystem services.

Central conceptsin measuring ecosystem assets

Ecosystem assets are spatial areas containing a combination of biotic and abiotic
components and other characteristics that function together. Ecosystem assets are measured
from two perspectives. First, ecosystem assetsarsidered in terms @cosystem condition
andecosystem exterfsecond, ecosystem assets are considered indéenesystem services.
A particular combination or “basket” of ecosysteenvices will be generated at a particular
point in time from a specific ecosystem asset. ddgregation of all future ecosystem services
for a given basket provides, at a point in time,estimated stock oéxpected ecosystem
service flows.

In general terms, the capacity of an ecosystent tsgenerate a basket of ecosystem services
can be understood as a function of the conditiod tre extent of that ecosystem. An
ecosystem asset may have the potential to gereenaiiege of different baskets of ecosystem
services depending on choices made in the courseasfomic and other human activity. At
the same time, depending on the ecosystem conditidrextent, an ecosystem asset may not
have the same capacity to generate different tmsket some baskets of ecosystem services
may be able to be generated over longer time petlwah others.

Overall, there will not be a simple relationshipivibeen these two perspectives, rather the
relationship is likely to be non-linear and varglgver time. As a result of this complexity,
there is incomplete knowledge of the relationstipsveen ecosystem extent and condition
and future flows of ecosystem services, althou@ghan active area of ecological research. For
ecosystem accounting, a variety of measures ofystma assets is needed and it cannot be
assumed that measurement from one perspectivebwithble to provide a comprehensive
assessment of ecosystem assets. Through a meastfemes on well-defined spatial areas
(see Section 2.4) these two perspectives can égrated to provide a more complete picture
of ecosystem assets and the changes in them.

Ecosystem condition and ecosystem extent

Ecosystem condition reflects the overall quality of an ecosystem asset, in terms of its
characterigtics. The assessment of ecosystem condition involves distinct stages of
measurement with reference to both the quantitycaradity aspects of the characteristics of
the ecosystem asset. In the first stage it is sacgdo select appropriate characteristics and
associated indicators of changes in those charstater The selection of characteristics and
associated indicators should be made on sciefi#f&is such that there is assessment of the
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ongoing functioning and integrity of the ecosystasset. Thus, movements in the indicators
should be responsive to changes in the functioamjintegrity of the ecosystem as a whole.

Measures of ecosystem condition may be compiledrétation to key ecosystem
characteristics (e.g. water, soil, carbon, vegatatibiodiversity) and the choice of
characteristics will generally vary depending oe tigpe of ecosystem asset. Further, the
selection of characteristics should take into aot@urrent and expected future uses of the
ecosystem, (e.g. for agriculture, forestry, carbequestration, recreation, etc) since these uses
are likely to impact most directly on certain chaeaistics and hence on the overall condition
and capacity of the ecosystem asset to generamait/e baskets of ecosystem services.
There will not usually be a single indicator fosessing the quality of a single characteristic.
Both the selection and measurement of characteriatid associated indicators are likely to
present measurement challenges.

In the second stage, the indicators are relateddommon reference condition. A number of
conceptual alternatives to determine a referennodittion are described in Chapter 4. The use
of a common reference condition for all indicatéos an ecosystem asset may allow an
overall assessment of the condition of the ecosysigset.

Ecosystem extent refersto the size of an ecosystem asset. For terrestrial ecosystem assets the
concept of extent is generally considered in teoimarea, e.g. hectares. Where there is a mix
of land covers within an ecosystem asset (e.g.inighriver basin or a mixed agricultural
landscape), ecosystem extent may be reflectedeimptbportion of different types of land
cover. Changes in the mix of different land covetthin a defined spatial area may be
important indicators of changes in ecosystem assets

The measurement of biodiversity are intertwinechwiteasures of ecosystem condition and
extent in a number of ways. First, measures atsiecies level of biodiversity within
individual ecosystem assets are likely to provideseful indicator of changes in the condition
of that ecosystem asset. Second, measures of chantiee composition of ecosystem assets
in terms of changing extent and distribution offetént land cover types (and associated
measures of fragmentation of the landscape), kebylto reflect changes in biodiversity at the
ecosystem level. Third, measures of changes inivamgity at the ecosystem level will
themselves provide an indication of changes inthabnd thus changes in biodiversity at the
species level for example in effects on speciemddce and richness. The potential to
undertake accounting for biodiversity at the spet@eel is discussed in detail in Section 4.5.

Expected ecosystem service flow

Expected ecosystem service flow is a measure of all future ecosystem service flows from an
ecosystem asset for a given basket of ecosystem services.” The expected flows must be based
on an expected basket of provisioning, regulatind aultural services from an ecosystem
asset. Generally, for accounting purposes, thegbadlecosystem services would be based on
current patterns of use.

%L This concept is akin to the concept of the progaatapital stock as developed in the context césneing the
capital services from produced assets. The progrictpital stock is the measure of an asset aina ipdime in
terms of the aggregate number of efficiency uniftsapital services that an asset is expected ivedebver its

lifetime.
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Because the generation of some ecosystem servigeb/es the extraction and harvest of
resources, and since ecosystems have the potémtiggenerate, it is necessary to form
expectations on the amount of extraction and theuamof regeneration that will take place,
and on the overall sustainability of human activity the ecosystem. To form these
expectations information concerning likely changpescosystem condition is required, noting
that a basic assumption is to assume constant bt relevant ecosystem services.

As noted, there will be complex and non-linear tiefeships between the condition of an
ecosystem asset, its pattern of use, and the expéetsket of ecosystem services and thus
measurement of the future flows of ecosystem sesvis likely to provide a significant
measurement challenge.

Changes in ecosystem assets

Measures of ecosystem condition and extent, andsumes of expected ecosystem service
flows are all aggregate or stock measures at at oitime. In accounting, they are most
commonly measured at the beginning and end ofdbeuating period. Often however, there
is also interest in measuring changes in ecosystesets. Following the logic of the asset
accounts described in the SEEA Central Framewadquanting entries may be defined which
reflect the different additions to and reductionsah ecosystem asset over the course of an
accounting period.

In some cases the measurement of changes in emwsgstets is a relatively straightforward
exercise. Of interest may be changes in ecosyskéemte commonly reflected in changes in
land cover. Changes in ecosystem condition and otxgeecosystem services flows
(calculated as differences between beginning addéperiod stocks) may also be of interest,
particularly if assessed over a number of accogrgriods.

However, for accounting purposes, there is mosrést in recording and attributing the
changes over an accounting period to various calséise context of ecosystem accounting
there is interest in changes due economic and dilneran activity as distinct from natural
causes, and changes due to extraction distinct fegganeration. Two particular accounting
entries in this context are ecosystem degradatiohegosystem enhancement. A description
of these and other changes in ecosystem assets/idgd in Chapter 4.

Unitsfor ecosystem accounting
Introduction

In order to undertake measurement of ecosysterascimordinated way and to subsequently
compare and analyse information across time anddegt ecosystems, there must be a clear
focus for measurement. For accounting purposess ihecessary to have well defined
boundaries that can be applied at specific scdlemalysis and which are suitable for the
organisation of information and the presentatioaafounts.

Boundaries for specific ecosystems are generallydron the basis of relative homogeneity
of ecosystem characteristics, and in terms of lgastronger internal functional relations than
external ones. However, these boundaries are a@ftedual and diffuse and a definitive
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boundary between two ecosystems may be difficuéistablish. Further, ecosystems may be
very small or very large and operate at differgrttisl scales.

Statistical units are the entities about which iinfation is sought and about which statistics
are ultimately compiled. It is the statistical utlitat provides the basis for compilation of
statistical aggregates and to which tabulated @&’ In economic statistics, the statistical
units are the various establishments, enterprigegernment and household entities about
which economic data are collected. Generically ehase referred to as economic uAits.
Economic units may be grouped for analytical puegosito industries (units undertaking
similar economic activities) and institutional s®et (units with similar types of legal basis
and behaviours).

The statistical units of ecosystem accounting @agial areas about which information is
collected and statistics are compiled. Such inféionas collected at a variety of scales using
a number of different methods. Examples of methiodkide remote sensing, on ground
assessment, surveys of land owners and administiddita.

To account for the different scales and methodsl wsecollect, integrate and analyse data
three different, but related, types of units aréindel in SEEA Experimental Ecosystem
Accounting. They are: basic spatial units (BSUndlacover/ecosystem functional units
(LCEU) and ecosystem accounting units (EAU). Thio¥ang sub-sections describe each
type of unit.

The relationships between the three types of wwits either be viewed in a bottom up (i.e.
starting with the BSU) or a top down (i.e. startimigh EAU) manner. That is, the BSU may
be aggregated to form LCEU or EAU, while LCEU or BEAnay be disaggregated to form
BSU. Direct measurement may be made at each dévieés, depending on the concept being
measured.

The units model described in this section may appeescriptive but is intended only to
indicate that ecosystem accounting requires thénehtion of spatial areas and that an
approach that delineates spatial areas of diffesérgs is appropriate. The basic logic
presented in this section is capable of being implged in a flexible manner and, through
testing, it is anticipated that additional preaisinay be provided.

Basic spatial units

A basic spatial unit (BSU) is a small spatial art&teally, BSU should be formed by
delineating tessellations (small areas e.g. ¥)ktypically by overlaying a grid on a map of
the relevant territory, but they may also be lamdcpls delineated by a cadastrer using
remote sensing pixels. Grid squares, ideally eawh lieing a BSU, are delineated to be as
small as possible given available information aaddkcape diversity. The model can also

22 gtatistical units should be distinguished fromtsif measurement, such as money, tonnes, hecthgs,
provide a common basis for the recording of speeifiriables.

Z see Glossary for more detailed definitions of raleverms. An overview of economic units is provddie the
SEEA Central Framework (Chapter 2) and completeriggns of economic units from the perspective of
national accounting are provided in SNA Chapter 4.

2 A cadastre is a register of properties in a regiorcountry with information on the ownership, tesu
location, size and value of each property.
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accommodate different scale grids through spatiating (e.g. a 100 hgrid nested within 1
km? grid). It is particularly advantageous for eachUB® refer to the same spatial area over
time.

After delineation, each BSU can be attributed wattbasic set of information. The most
common starting point for this attribution proce@i be information on the location of the
unit and land cover. This basic information is tletended with information relevant to the
purpose of the account being compiled. For exampmkevant information may include
ecosystem characteristics such as soil type, greated resources, elevation and topography,
climate and rainfall, species present and theindboce, the degree of connection to related
areas, current or past land uses, land ownersidation relative to human settlement, and the
degree of accessibility to the area by people.

This information may be extended to include infatiora on the generation of different
ecosystem services from the BSU such that the B&WUrepresent the level at which all
relevant information for ecosystem accounting sra#ated and organised. Since ecosystem
services are often generated over areas larger ahsingle BSU a method is required to
attribute information to the BSU level. This issseliscussed in Chapter 3.

If possible, information on any associated econamits, for example land owners, should be
attributed to each BSU. This range of informati@tognises that while each BSU is a
mutually exclusive area, it can be linked to a namtf other spatial areas (e.g. EAU) and that
ecosystem assets and ecosystem services may ogievatying spatial scales linking to more

than one economic unit. The link to economic umsitdiscussed further in sub-section 2.3.6.

Land cover/ecosystem functional units

The second type of unit is the land cover/ecosystenctional unit (LCEU). For most
terrestrial areas an LCEU is defined by areasfgaigsa pre-determined set of factors relating
to the characteristics of an ecosystem. Examplethese factors include land cover type,
water resources, climate, altitude, and soil typgarticular feature is that an LCEU should
be able to be consistently differentiated from hbmuring LCEU based on differences in
their ecosystem characteristics.

The resulting LCEU would commonly be considered emosystem noting that strictly,
ecosystems are not able to be defined purely itiadgarms. LCEU may be disaggregated
into BSU (e.g. by overlaying a grid) or BSU maydggregated to form LCEU (i.e. the LCEU
reflects a contiguous set of BSU each having theesaore characteristics). Aggregation
could take place following standard approacheddtistical classification, with BSU being
classified to particular LCEU on the basis of admminance of characteristics within the
BSU. For example, if the predominant characteristia BSU was forest tree cover, that BSU
would be combined with similar BSU to form an LCHRlith the same characteristic. This is
akin to classifying an establishment to a particitdustry based on the predominance of a
particular economic activity in that establishment.

A provisional set of classes for land cover/ecaaystunctional units showing 15 classes is
shown in Table 2.1. The classes are based on tl@ Exd Cover Classification System,
version 3 (LCCS 3) (FAO, 2009). This approach us®sts starting point the Land Cover
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Classification presented in the SEEA Central FraotewChapter 5 (which is also based on
LCCS 3) and combines these into classes that d@iraised for the analysis of changes in land
cover and land use. The LCEU classes can be augthdéyt other characteristics, for
example, relating to broad climatic zone (e.g. italp sub-tropical and temperate), elevation
(e.g. lowlands, highlands) and topography (e.gnpland mountains).

LCEU will vary in size depending on the situationa given country. Also, not all countries
will have all types of LCEU (as described in TaBld). Various studies and reports (e.g.
Convention on Biological Diversity, Millennium Eoggem Assessment, UK National
Ecosystem Assessment) have used different classifits but all using terms that may be
considered commonly understood (e.g. forests, nadslagrasslands, coastal areas).

At any point in time, all LCEU should be mutuallyctusive, i.e. each BSU should be within
only one LCEU. However, over time as changes id leover and land use occur, some BSU
will need to be re-classified to different LCEU er fexample from Agriculture associations
and mosaics to Urban and associated developed areas

The LCEU defines an area for which accounting mayidertaken and hence LCEU may be
considered ecosystem assets. For smaller scalgsanat may be relevant to undertake
accounting for a single LCEU. At national levelsete is likely to be interest in aggregation
of information about specific types of LCEU whereteey are located, e.g. concerning all
open woodlands or wetlands in a country or regémm also comparison of different types of
LCEU across a country.

Table 2.1 Provisonal Land Cover/Ecosystem Functional Unit Classes

Description of classes

Urban and associated developed areas

Medium to large fields rainfed herbaceous cropland
Medium to large fields irrigated herbaceous croglan
Permanent crops, agriculture plantations
Agriculture associations and mosaics

Pastures and natural grassland

Forest tree cover

Shrubland, bushland, heathland

Sparsely vegetated areas

Natural vegetation associations and mosaics
Barren land

Permanent snow and glaciers

Open wetlands

Inland water bodies

Coastal water bodies

Sea

It is likely that LCEU represent the closest apjmation to ecosystems in spatial terms in the
way that large scale ecosystems are commonly egedsaHowever, in order to more fully
adapt LCEU to ecosystems types it is likely to beassary to allow for variations in climatic
conditions, geophysical conditions, and land useelation to land use, for some purposes it
may be relevant to cross classify LCEU by the extenwhich the area is considered
influenced by human activity. Thus types of LCEW(d-orest tree cover) may be considered
as reflecting natural, semi-natural, agriculturabther types of ecosystems.
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Table 2.1 presents a provisional list of classesldod cover/ecosystem functional units

(LCEU). It is anticipated that progressive experitagion and testing of these LCEU classes
in the development of ecosystem accounts in vaigousitries will reveal a consistent core set
of classes and sub-classes that can be develojed gefinitive classification for ecosystem

accounting purposes in the future.

Ecosystem accounting units

The delineation of an EAU is based on the purpdsmalysis and should therefore take into
consideration administrative boundaries, envirortademanagement areas, large scale natural
features (e.g. river basins) and other factorsvasleto defining areas relevant for reporting
purposes (e.g. national parks or other protecteasyr Overall, EAU should be relatively large
areas about which there is interest in understgndind managing change over time.
Consequently, EAU should be fixed or largely stabpmtial areas over time and, for
accounting purposes, may be considered ecosyssatsas

Depending on the size of the country there may bie@archy of EAU building from smaller
reporting units to the national level. For examgl@rting from a local administrative unit a
hierarchy of EAU may build to provincial and theational level. In all cases, a country’s
total area will represent a single level in a hign&cal EAU structure.

A specific concept that has been developed that Imeayseful in the delineation of EAU is
socio-ecological systems. Areas defined as soatpgital systems integrate ecosystem
functions and dynamics as well as human actividied the range of interactions of these
components.

For the purposes of national scale ecosystem atinguhis recognised that EAU are likely to
contain a range of ecosystem types (reflectedffardnt types of LCEU) and generate a range
of ecosystem services.

For a single country it may be relevant to recogmiifferent hierarchies of EAU. For
example, a set of EAU may be delineated based omningdrative regions, a second set may
be based on catchment management areas, and a¢hinday be based on soil types. All
EAU within each set may be aggregated to form natidotals but there should not be
aggregation of EAU across different sets (e.g. ragidiome administrative regions with some
catchment areas) since this would imply the agdiegaof “non-matching units” and the
potential to double count individual areas.

Figure 2.4 provides a stylised depiction of thatiehships between EAU, BSU and LCEU
where, in this case the BSU are defined by gricasegs Attribution of BSU to EAU and to
LCEU should be based on predominance as describ@eeaNote that it is possible for a
number of LCEU types to be present within a sirighdJ and for a single LCEU type to
appear in various locations within an EAU.
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Figure 2.4 Stylised depiction of relationships between EAU, BSU and L CEU
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Unitsin relation to ecosystem services

It should be recognised that since any given dpatea may generate a number of types of
ecosystem services it is likely that a single BSill e involved in the generation of a range

of ecosystem services. In this sense there is rertdanalogy between the BSU and an
establishment in economic statistics that undestakgingle kind of activity.

In addition, it is likely that a range of ecosystemivices are generated over a larger spatial
area than a single BSU, or, at least, are measwedareas larger than a single BSU. Given
this, it may be useful to map areas that are raleteathe generation of particular ecosystem
services. Often these maps will reflect a contiguset of BSU (for example, in the case of
provisioning services from a forest), but this newd be the case. It is possible that some
ecosystem services are generated in a single BgUd@tural services from a local fishing
spot).

Although the generation of ecosystem services naltg place over varying spatial areas
depending on the ecosystem service, for a broaderai ecosystem services a useful
measurement starting point may be to consider tosystem services generated within an
LCEU. Particularly for provisioning and also fornse regulating and cultural services, an
LCEU is likely to provide a useful spatial boundegr the measurement of ecosystem
services. Maps of ecosystem service generationbeayseful tools in understanding LCEU

by providing an understanding of concentrationsetdted ecosystem services. It is noted that
each ecosystem service is likely to have its oveatigie area over which it is generated.
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Relationship to economic units

The cross-classification of BSU information withoeomic units is central to assessment of
the relationship between ecosystem services, e®psyassets and economic activity. The
application of ecosystem related information tosgieas of land management and ecosystem
degradation requires such connections to be made.

Ideally, the linking of BSU to economic units woulte undertaken in the process of

attributing BSU with basic information on, for expl®, land use or ownership (via cadastres).
If this detailed linking is not possible then breadssumptions may be used for example by
linking information on land cover and land use ®B

For certain ecosystem services it may be relevantise economic units as a basis for
collecting relevant data. This may most relevanespect of provisioning services.

It is noted that the beneficiaries of the ecosyssemices may be the land user or owner, or, it
may be people living nearby (as in the case ofil&iation) or populations at large (as in the
case of carbon sequestration). Further, in specdges the beneficiaries may be spatially
delineated, such as in the case of people livingndtream in the flood zone of an upper
catchment that is managed with the aim of protgdgtsmhydrological services.

Issuesin the delineation of spatial units
Geographic information systems

The delineation of units should be undertaken inceat with the development of spatial

databases in Geographic Information Systems (GI3)ese databases should contain
information such as soil type and status, waterdetabrainfall amount and pattern,

temperatures, vegetation, biodiversity, slopegudk, etc., as well as, potentially, information
on land management and use, population, and sotibéconomic variables. This information
may also be used to assess flows of ecosystentegifivdm given spatial areas.

Units for the atmosphere, marine areas and lineatdres, including rivers.

In presenting accounts for ecosystems at a natiewel, the geographic scope of the accounts
should be clearly stated. Often, the scope mayniget! to terrestrial areas but there may be
good reasons to extend coverage to incorporatenmarieas under the control of a national
administration. In the context of the SEEA thisleemed to extend to the country’s Exclusive
Economic Zone (EEZ).

The boundaries of a country’s atmosphere shoulgnaliith the terrestrial and marine
boundaries used in the ecosystem accounts. Thugtinniple, it would consist of all air
volumes directly above that stated scope of thewus, potentially out to the limit of the
EEZ. Within this boundary it may be useful to delte the atmosphere into smaller units, for
example “airsheds” over cities.

Particular care should be taken in defining thatiment of coastal ecosystems that straddle
terrestrial and marine areas, in the delineatioarefis related to rivers and the treatment of
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other linear features for accounting purposes. délneation of marine areas taking into
account not only their area but also the operatibecosystems at varying depths is also
important.

Although much relevant research has been complatecelation to these matters the
delineation of relevant units and their integratigith the terrestrial units described in this
section has not been completed from the perspeofiEosystem accounting and this task
has been placed on the research agenda. Linkdeiean¢é developments are listed in the
References annex.

Ecosystem accounting tables

To provide a basis for understanding the naturecokystem accounting described here, this
section describes some possible ecosystem accgutdlies. The tables focus on the
recording of information in physical terms relatedlows of ecosystem services and to stocks
of ecosystem assets. All of the tables are desigmegive a broad sense of the potential of
ecosystem accounting to organise information aceosange of areas and from multiple
perspectives. They are experimental in design &odld serve only as a starting point for
compilation and testing. The compilation of theslelés and possible extensions to them are
discussed in Chapters 3 and 4.

Tablesfor ecosystem services

Tables for ecosystem services primarily aim to oigm information on the flows of
ecosystem services by type of LCEU. It may alsodbevant to present information in terms
of the economic units involved in generating anidgishe various services.

The analytical ambition is to use information oe thixes of ecosystem services within an
ecosystem asset (i.e. the observable basket oysteas services) to consider what trade-offs
may be implied between alternative uses (i.e. r@diere baskets of ecosystem services) of the
same ecosystem asset or to consider the impacherfldaws of ecosystem services from
undertaking specific activities in an ecosystenefgs neighbouring ecosystems.

In this regard it is relevant to recall that certacosystem services may be competing with
other services while in other cases the ecosystwices are generated in tandem. For
example, the provisioning service of timber and tegulating service of air filtration are
competing services within forest ecosystems whitefiiration and carbon sequestration
services are generated in tandem. Analysis shalghidertaken in the light of various social
and ecosystem contexts that may be affecting therted area.

Table 2.2 shows a basic table for reporting infaiomaon physical flows of ecosystem
services. The number of different ecosystem sesvieported will vary depending on the type
of ecosystem and its pattern of use. It is notedl e ecosystem services shown in Table 2.1
will not be measured using the same physical @amitshence totals across different ecosystem
services are not shown.

Aggregation across different ecosystem services beayindertaken in different ways, all
requiring some assumptions regarding the relatimportance of the different services.
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Chapter 3 contains a description of possible extessof the basic table shown below and
approaches to aggregation.

Table 2.2 Physical flows of ecosystem servicesfor an EAU

Type of LCEU

Ag Urban| Forest| Wetlands

Type of ecosystem services (by
CICES)

Provisioning services

Regulating services

Cultural services

24.2 Tablesfor ecosystem assets

2.88 Because of the range of concepts involved in thastmement of ecosystem assets a number
of tables may be constructed. Tables concerningystem extent largely emerge from the
asset accounts for land described in the SEEA @leramework. Most important are
measures of the area of different LCEU which magé&eeloped along the lines explained for
land cover accounts (see SEEA Central Frameworiddes.6).

2.89 Some information concerning indicators of ecosystamdition may be compiled in basic
resource accounts, for example for water resourteder resources and carbon. These
accounts can provide information related to quaiié changes in ecosystem condition (e.g.
reductions in water flow, increases in tree cowr)l are generally more straightforward to
compile than information on more qualitative aspedtecosystem condition.

2.90 The relevant accounting for water, timber and otlesources includes the measurement of
opening and closing stocks and changes in stoclisisadescribed in detail in the SEEA
Central Framework. Accounting for carbon is disedss Section 4.4 of this document. The
extension that is likely to be required for ecosgstaccounting is that the information on the
stocks of resources should be attributed to ecesysissets, and flows between ecosystem
assets (inter-ecosystem flows) should be recorded.

291 Relevant information from these sources togetheh weidditional indicators for specific
ecosystem characteristics may be presented inla $albh as Table 2.3 which is presented
with reference to the closing stock at the enchefdccounting period. Appropriate extensions
to this table would enable the consideration ofgpening stock and changes in stock.

2.92 The table relates to a specific EAU (possibly foraaintry as whole) and are structured by
type of LCEU noting that in a given EAU there isdiy to be a mix of different LCEU types.
It would be possible to also include information r@hevant benchmarks and thresholds for
different indicators alongside the observed infdramato provide a basis for assessing
changes in overall ecosystem condition. Informatiareach indicator will be collected using
different measurement units but may adjusted ferpilrposes of comparison through the use
of reference conditions and other approaches.
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Table 2.3 Measures of ecosystem condition and extent for an EAU at end of accounting period

Ecosystem Characteristics of ecosystem condition

extent Vegetation Biodiversity Soil Water Carbon

Area Indicators Indicators (e.g.| Indicators Indicators Indicators

(proportion (e.g. Leaf area species (e.g. soil| (e.g. river| (e.g. net

of EAU) index, richness, fertility, soil | flow, water | carbon
biomass relative carbon, soil| quality, fish| balance,
index) abundance) moisture) species) primary

productivity)

Type of LCEU

Forests

Agricultural land

Urban areas

Inland water bodies

2.93 Measures of ecosystem condition should cover the aspects of each ecosystem type that
affect the ongoing functioning and integrity of #x&system. The listed aspects of vegetation,
biodiversity, soil, water and carbon are indicativey. The selection of characteristics and the
development of indicators for ecosystem conditioousd be completed in close consultation
with ecologists and other scientists.

2.94 The ambition for this table is to present indicatof ecosystem extent and condition for each
LCEU type. Possible approaches to aggregation andiderations in relation to assessing
change in condition are discussed in Chapter 4.

2.95 Table 2.4 presents a basic structure for informatio expected ecosystem service flows. As
for the measures of ecosystem services shown ite Pab, the entries in this table will be in
different units depending on the particular servicesituations where the current use of a
particular ecosystem service exceeds the ecosysteapacity to generate that service
sustainably, it will be possible to determine alaif expected flows over an ecosystem life.
For example, for a forest that is completely cldaer a period of years without
regeneration, the expected ecosystem provisiorengice flow of timber will be limited to
remaining timber available over the number of yéaken to clear the forest.

2.96 However, in situations where sustainable use isgoaiade of the ecosystem, the estimated
total expected flows into the future are infinitetotal may be derived by setting an arbitrary
asset life. An alternative is to measure the exuk@cosystem service flows in terms of
expected flows per year noting that this may beatgreor less than an independently derived
estimate of a sustainable flow. Measures of expeetosystem service flows should be
clearly linked to the measures of flows of ecosysservices shown in Table 2.2.

2.97 Measures of expected ecosystem service flows wikthmllenging to estimate in light of the
complex and non-linear relationships between edtesysservices flows and ecosystem
condition. Various assumptions will be needed agitdleast, close collaboration between
compilers and scientists, in order to model theeetgal flows given assumed patterns of use.
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Table 2.4 Expected ecosystem service flows at end of accounting period

Expected ecosystem service flows per year

Forests Agricultural land Inland water bodigs

Type of ecosystem services (by

CICES)

Provisioning services

Regulating services

Cultural services

2.98
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A potential extension to Table 2.4 is to relate #xpected ecosystem service flows to the
various economic units, including households, whe @nsidered the beneficiaries of the
different ecosystem services. In this way, assestmef trade-offs between alternative
baskets of ecosystem services may be additionaftymed by data related to social and
economic effects.

Accounting for changes in ecosystem assets is plesntask, especially in terms of defining
and accounting for ecosystem degradation. Theantagsues are discussed in Chapter 4.

General measurement issuesin ecosystem accounting

This section introduces a number of general measent issues that may arise in the
compilation of ecosystem accounts: (i) the integrabf information across different spatial
scales, (ii) the scaling and transfer of data) ¢iibss and net recording, and (iv) the length of
the accounting period. They are primarily practisalies but are important considerations in
setting up a framework for ecosystem accountinigdiohg the general model outlined in this
chapter.

Theintegration of infor mation across different spatial scales

A primary objective of ecosystem accounting is degelopment of information sets for the
analysis of ecosystems at a level suitable fordéneslopment, monitoring and evaluation of
public policy. Consequently, consideration must digen to collecting and collating
information pertaining to a number of ecosystenresgca region or country. It is noted that
there are other objectives for the organisationnédrmation on ecosystems including the
assessment of specific ecosystems or projecthiebetcases there is less of a requirement to
consider alignment of scales of measurement siheeetosystem can be delineated in a
manner relevant to the given analysis. For maareteaccounting such individual
specification of the scale of analysis is not appate and more structured approaches are
required.

Following standard statistical practice, the cdrgtement in the integration of information is
the delineation of units. The units model for esbsgn accounting of basic spatial units
(BSU), land cover / ecosystem functional units (WJEand ecosystem accounting units
(EAU) should provide a comprehensive coverage @iawithin a country.

The information used to characterise the differamts provides important data that may be
used to aggregate and disaggregate across unitexBmple, BSU may be attributed with

41




2.104

2.105

2.106

2.107

252
2.108

2.109

standard variables such as area, rainfall, andagtey in addition to being classified to a
particular land cover type. Consequently, differenits of the same land cover type may be
constructed, compared and differentiated througtsideration of these types of variables.
For example, high rainfall and low rainfall foresay be compared.

This approach is analogous to the use of unite@me@mic statistics. Economic units, such as
establishments, are commonly attributed with datatree number of people employed in
addition to being classified to a particular indysThus, when aggregating across economic
units it is possible to consider not only the tygfeactivity but also whether the unit is
relatively large or small.

Ideally, it may be possible to produce a registd8®U containing standard information about
these units. This may be possible from the use eofiote sensing information, from
administrative data on land management, from laaskt surveys of land cover and land use,
or from a combination of these sources.

Where data gaps exist in terms of ecological, lard and socio-economic data, there is
potential to use these “unit registers” to desigmpgle surveys for ecosystem accounting
purposes in which the samples take into accountdifierent characteristics. In statistical

terms, different groupings (or strata) of BSU cobéddesigned and the characteristics would
also form the basis for aggregations. For exangiayps of BSU related to the water cycle
could be constructed with information about catchisefloodplains, wetlands and rivers.

In practice however, it is likely that more undargting is needed of the operation of
individual ecosystems in order to find the right sestandard variables that can be used to
compare and contrast ecosystems for the purposkgloér-level analysis. Consequently, a
considerable degree of caution should be used son@ieg that the characteristics of one
statistical unit can be easily applied in anothatigical unit, even if they have the same land
cover type.

The scaling and transfer of data

The statistical approach described above requimesthodology for dealing with information

available at different spatial scales or only dindted number of locations. Often a large
amount of information on ecosystems comes from deduevaluations at individual sites.
Therefore, to develop information for other sitestljout conducting additional studies) or
over larger areas it is necessary to consider enavailable information may be best used
(assuming that additional data collection is natsilale or cannot provide complete coverage).

Different approaches are available for transferirfigrmation across sites or to a broader land
area. Firstyvalue transferwhich involves using information from a specifimidy site and
developing estimates for a target or policy sitedascribed in greater detail in Chapter 5.
Second,scaling up which involves using information from a study sied developing
information for a larger area that has similar eltgristics. Thirdmeta-analysisvhich is a
technique for assessing a large volume of infownatin various study sites and integrating
the information to provide factors that can be useastimate information in target areas
taking into account various ecosystem charactesisti
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SEEA Experimental Ecosystem Accounting recommeridg & rigorous description of
statistical units following standard statisticahgtice be undertaken before an aggregation of
information to regional or national levels takeagd. Using such a description of units, the
application of the advancing techniques around fitetransfer may be undertaken with
greater robustness and in a manner more in lifestéindard approaches in official statistics.

In many situations it may be necessary to attrimatigonal or regional level information to

particular statistical units. This process is gatgreferred to as “downscaling”. Again, the

effectiveness of downscaling techniques will be siderably enhanced through the
development of a comprehensive set of informationddferent statistical units across a
region or country. It is also noted that for soraeiables a purely technical downscaling may
need to be supplemented with the use of additimualels and expert judgement.

Gross and net recording

The terms gross and net are used in a wide rangecofinting situations. In the SNA the term
net is used to indicate whether an accounting aggeehas been adjusted for consumption of
fixed capital (depreciation). In other situatiotise term net is used simply to refer to the
difference between two accounting items. The tegness and net are also used to describe
different aggregates that have related but diffemegasurement scopes.

As far as possible, the terms gross and net arigledydn the descriptions presented in the
SEEA Experimental Ecosystem Accounting. This isemaied to limit the potential for
confusion in the use of these terms. At the same,tthe general ambition is to describe the
relevant concepts in what might be considered ‘grésrms such that all assumptions and
relationships can be fully articulated. Furthemnpdlers are encouraged to record accounting
details in gross terms to as great an extent asilpesand then explain any subsequent
differencing of accounting entries.

Length of the accounting period

In economic accounting there are clear standardsecning the time at which transactions
and other flows should be recorded and the lengtthe accounting period. The standard
accounting period in economic accounts is one ye&ars length suits many analytical
requirements (although often quarterly accountsadse compiled) and also aligns with the
availability of data through business accounts.

While one year may suit analysis of economic tremaglysis of trends in ecosystems may
require information of varying lengths of time dedang on the processes being considered.
Even in situations where ecosystem processes caan@kysed on an annual basis, the
beginning and end of the year may well differ frahe year that is used for economic

analysis’®

Although considerable variation in the cycles obs®stem processes exists, it is suggested
that ecosystem accounting retain the standard etcrexccounting period length of one year.
Most significantly, this length of time aligns witthe common analytical frameworks for

% For example hydrological years may not align wighendar or financial years.
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economic and social data and, since much econondcsacial data are compiled on an
annual basis, the general integration of infornmaigbest supported through the use of this
time frame.

Consequently, for the purposes of ecosystem adcmurit may be necessary to convert or
adjust available environmental information to a owon annual basis using appropriate
factors or assumptions (e.g. by interpolation dragolation), recognising that data may be
collected irregularly over time intervals longeatthone year.

Measures of ecosystem assets should relate tqp#rerny and closing dates of the associated
accounting period. If information available for thmrposes of compiling accounts for
ecosystem assets does not pertain directly to hates then adjustments to the available data
may be required. In making such adjustments anchdertaking analysis, an understanding of
relevant seasonal and longer natural cycles wiltdapiired. Further, it will be necessary to
take into account potential time lags between measof ecosystem condition and measures
of ecosystem services.

Data quality and scientific accreditation

Data quality for official statistics is a broad gamg concept that encompasses relevance,
timeliness, accuracy, coherence, interpretabiligcessibility and the quality of the
institutional environment in which the data are pied. The development of frameworks,
such as the ecosystem accounting framework praebdmee, is designed to assist in the
advancement of quality particularly in the areasetdfvance, coherence and interpretability.

Commonly, data quality is associated with accuraay it is clear that within the broader

setting just outlined, accuracy is one element, tiratgeneral, needs to be considered in
context of achievement against the other elemehtfata quality. Given the measurement
challenges faced in advancing ecosystem accouiitisgmportant that all elements of data
quality be brought into consideration.

In ecosystem accounting it is likely that a reastmgroportion of the information used will
be drawn from disparate data sources, potentiakyweldped primarily to provide
administrative information rather than informatidar statistical purpose€$. Care must

therefore be taken to ensure that, as far as pesdie information can be aligned with
appropriate concepts and measurement boundaries.

It is also likely that information for ecosystemcaanting will be drawn from scientific
studies. Unlike most information collected for eopric statistics, which is collected and
analysed in a common metric of money, scientifforimation often does not have a common
metric and consequently assessment of relativeitgualy be more challenging. In this
situation it is important that scientific informati undergo processes of peer review and
accreditation to ensure that it is fit for the pasps of ecosystem accounting. Such processes
should relate to both an assessment of the accuiagydividual indicators and pieces of
information and to assessment of the relevanckeotharacteristics, indicators and ecosystem
services that are selected for use in accountingigilers are encouraged to work at national

% Administrative data sets are often set up andyaedl with a focus on smaller or borderline cas#erahan
on those cases which may be the most statistisaghificant.
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and international levels to develop relevant adta#dn processes for scientific and other
information relevant for ecosystem accounting.

Reationship of SEEA Experimental Ecosystem Accounting to the SEEA Central

Framewor k

2.123

2.124

2.125

2.126

2.127

The SEEA Central Framework consists of three bevads of measurement (i) physical flows
between the environment and the economy, (ii) tioeks of environmental assets and
changes in these stocks; and (iii) economic agtidahd transactions related to the
environment. The ecosystem accounting describedSHEA Experimental Ecosystem
Accounting provides additional perspectives on messent in these three areas.

First, SEEA Experimental Ecosystem Accounting edsethe range of flows measured in
physical and non-monetary terms. The focus in tBEA Central Framework is on the flows
of materials and energy that either enter the eognas natural inputs or return to the
environment from the economy as residuals. Manghege flows are also included as part of
the physical flows recorded in ecosystem accour(gng flows of timber to the economy). In
addition, SEEA Experimental Ecosystem Accountingudes measurement of the ecosystem
services that are generated from ongoing ecosysi@resses (such as the regulation of
climate, air filtration and flood protection) anefm human engagement with the environment
(such as through recreation activity).

It is noted that the production of goods on owneact (for example, the outputs from
subsistence farming and fishing, the collectiorficdwood and water for own-use, and the
harvest of naturally occurring products such agie&®r is within scope of the production
boundary defined in the SNA and used in the SEEAtGEFramework. Consequently, these
flows are within the scope of the benefits recordedSEEA Experimental Ecosystem
Accounting.

There are a number of natural inputs recorded enSBREA Central Framework that are not
recorded as part of ecosystem assets or ecosysteives. These are the inputs from mineral
and energy resources, and the inputs from renevesiaegy sources. In these cases the inputs
are not considered to arise from ecosystem progsessd hence, do not constitute ecosystem
services. This boundary is explained in more detaiChapter 3. It is recommended that
information on these flows should be presentedgdioie information on ecosystem services
and ecosystem assets to provide a more complet# sdbrmation for policy and analytical
purposes.

Second, SEEA Experimental Ecosystem Accountingiders environmental assets from a
different perspective compared to the SEEA Cerfiraimework. Environmental assets, as
defined in the Central Framework, “are the natyraskccurring living and non-living
components of the Earth, together comprising tbepbiysical environment, that may provide
benefits to humanity” .

27 SEEA Central Framework, 2.17. This scope is broalden the physical asset boundary used in the SNA
which is limited to those assets that have an emamwalue in monetary terms. Thus, for examplehism SEEA
all land is included regardless of its value.
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This broad scope encompasses two complementanygoéirses on environmental assets. The
first perspective, which is the focus of the SEEAnGal Framework, is of environmental

assets in terms of individual resources (e.g. timbish, minerals, land, etc). The second
perspective, which is the focus of SEEA ExperimeBtosystem Accounting, considers the
bio-physical environment through the lens of ectesys in which the various bio-physical

components (including individual resources) arendeeoperate together as a functional unit.
Thus, ecosystem assets are environmental assetfreeea systems perspective.

Accounting for specific elements, such as carbomtlter environmental characteristics, such
as biodiversity, is covered in SEEA Experimentalofstem Accounting but these are
specific perspectives taken within the same biospl®y environment as defined by
environmental assets in the SEEA Central Framework.

While there is, in principle, no extension in thie-physical environment, there are some
particular boundary issues that warrant considamatiparticularly concerning marine
ecosystems and the atmosphere. The ocean and rtiespdiere are excluded from the
measurement scope in the SEEA Central Frameworkulseche associated volumes of water
and air are too large to be meaningful for anaytuirposes. Their treatment in the context of
ecosystem accounting is discussed in the contestatiEtical units for ecosystem accounting
in Section 2.3.

An important part of the SEEA Central Frameworkhis definition of depletion of individual
natural resources. SEEA Experimental Ecosystem ooy considers measures of
depletion within a broader concept of ecosystenratigion. Ecosystem degradation is a
measure that covers not only the using up of ressuibut also the declines in the capacity of
ecosystems to generate other ecosystem servigesifiltration).

Third, the SEEA Central Framework outlines cledHg types of economic activity that are
considered environmental and also describes a raigeelevant standard economic
transactions (such as taxes and subsidies) thaeeant for environmental accounting. It
also shows how these flows may be organised intifuma accounts — the main example
being Environmental Protection Expenditure Accounts

For the purposes of ecosystem accounts, there aradditional transactions that are
theoretically in scope since the SEEA Central Fraork has, in principle, a scope that covers
all economic activity related to the environmentlimling protection and restoration of

ecosystems. At the same time, SEEA Experimentalsygtem Accounting includes a

discussion on the appropriate accounting treatfioer@merging economic instruments related
to the management of ecosystems, for example thelafgnent of markets for ecosystem
services. There is no specific discussion on tigses of arrangements in the SEEA Central
Framework.

Finally, regarding valuation, the valuation prifdegp applied in SEEA Experimental
Ecosystem Accounting are consistent with the SEEt@l Framework and the SNA.
However, since many ecosystem services are nattigin@arketed it is necessary to consider
a range of approaches to the valuation of thesécesrand to assess the consistency of these
approaches with the concept of exchange valueutiggrpins the recording in the SNA.
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Chapter 3: Accounting for ecosystem servicesin physical terms

Introduction

Ecosystem services have become a central concephirecting characteristics of ecosystem
assets with the benefits received from ecosysteynpdople through economic and other
human activity. As described in Chapter 2, ecosgsservices are the contributions of
ecosystems to benefits used in economic and othveah activity.

This chapter discusses a number of measurememsisslated to compiling information on
ecosystem services in physical terms. The word Slay’ in this context means “non-
monetary” and measurement in “physical terms” erasees ecosystem services that reflect
flows of materials and flows of energy, servicdate to the regulation of an ecosystem, and
flows related to cultural services. In Section 3dtus is on further articulating the
measurement boundaries for ecosystem servicesagsifitation of ecosystem services is
introduced in Section 3.3 and the basic approadapiling accounts for ecosystem services
is outlined in Section 3.4. Section 3.5 introdueramples of approaches to the measurement
of various ecosystem services.

M easur ement boundaries and characteristics of ecosystem services
Types of ecosystem services

A fundamental aspect of ecosystem accounting isgration that a single ecosystem will

generate a range of ecosystem services thus agtimigbto the generation of a number of
benefits. In some cases the ecosystem servicedbeayoduced “in tandem”, such as when
forest areas are preserved and provide air fittnatiervices and opportunities for recreation
and walking. In other cases the ecosystem sermiegsbe in competition, such as when forest
areas are logged thus providing the benefits adbéinbut losing opportunities for recreation.
Ecosystem accounting enables the examination eéttrade-offs.

To support evaluation of these trade-offs ecosystemices are grouped into different types.

In SEEA Experimental Ecosystem Accounting, buildimig a number of large ecosystem

service measurement projects, three broadly ageceseljories of ecosystem services are

used?®

i. Provisioning serviceseflect material and energy contributions generdig or in an
ecosystem, for example a fish or a plant with plaaeuntical properties.

i. Regulating servicéd result from the capacity of ecosystems to reguleienate,
hydrological and bio-chemical cycles, earth surfaeesses, and a variety of biological
processes. These services often have an impogatialsaspect. For instance, the flood

2 These three categories have, in broad terms, bsed in the Millennium Ecosystem Assessment, The
Economics of Ecosystems and Biodiversity study (BEBnd have emerged from the project to develop a
Common International Classification for Ecosysteam&es (CICES).

2 Regulating services are also commonly referreabttregulation and maintenance services”.
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control service of an upper watershed forest ig oglevant in the flood zone downstream
of the forest.

iii. Cultural servicesare generated from the physical settings, locatimnsituations which
give rise to intellectual and symbolic benefitstthaople obtain from ecosystems through
recreation, knowledge development, relaxation, spidtual reflection. This may involve
actual visits to an area, indirectly enjoying tltesystem (e.g. through nature movies), or
gaining satisfaction from the knowledge that an sgstem containing important
biodiversity or cultural monuments will be presetve

A Common International Classification of Ecosyste®ervices (CICES) that provides
additional detail within these broad groups is undagoing development. Section 3.3
presents higher levels of an interim version of E3C

Commonly, ecosystem services are conceptualiséerims of the types of benefits to which
they contribute. In addition to distinguishing bftseas being either SNA or non-SNA
benefits (as described in Chapter 2), a complememniaw is to consider the private and
public nature of the benefits. In terms of the gahen of ecosystem services that contribute
to private and public benefits three situationsloamescribed.

(i)

(ii)

(iif)

First, there are ecosystem services that are dederfaom economic assets
(including land and natural resources) that areapely or publicly owned and
managed, and which contribute to the productiopriviate benefits (e.g. in the case
of agricultural production). Private benefits arguigalent to SNA benefits as
defined above.

Second, there are ecosystem services that areafethérom economic assets that
are privately owned and managed but which contibatthe production of public
benefits, i.e. the benefit accrues to other econamits or society more broadly
rather than exclusively to the private owner/managehe land (e.g. absorption of
carbon dioxide by a privately owned forest).

Third, there are ecosystem services that are gedefsom areas that are not
privately owned or managed and contribute to theegaion of public benefits (e.g.
ecosystem services from public areas such as matjgerks and some marine
areas).

Together, the second and third cases comprise N@nBenefits as described above. From an
ecosystem accounting perspective, accounting fer gbcond case is perhaps the most
problematic since in this case the public benaiieslikely to be generated unintentionally by

a private producer. The consequence is that favengconomic asset, particularly land, it is

necessary to consider both SNA and non-SNA berafitsthe ecosystem services related to
each of these types of benefits. This is most eglein accounting for ecosystems in monetary
terms, for example in the valuation of ecosystersetss where the additional stream of

benefits (in the form of public benefits) needd#oconsidered in relation to the private values
of assets that are already included in the stana#idnal accounts.
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Relationship between generation and use of ecosystem services

The generation of ecosystem services is assumdz table to be attributed to particular
ecosystem assets whose spatial area is known. Howeis not necessarily the case that the
users of the ecosystem services are in the samni@lspeea. This is particularly true of
regulating services and cultural services wherebtreficiaries may often live in cities and
large urban areas while the services are geneiatetosystems away from these areas.
Although simple assumptions regarding the locatibthe beneficiaries cannot be made, it is
important in accounting for ecosystem services dtt@impts are made to understand the likely
areas in which beneficiaries are found. This infation is needed to ensure that changes in
the population of beneficiaries are taken into aoton measuring the volume of ecosystem
services. The location of beneficiaries should dsotaken into account when developing
estimates of ecosystem assets since measures eftedpecosystem service flows will be
related to expected changes in populations of iddals and enterprises.

For accounting purposes it may be useful to disisig between the area within which the
ecosystem services are generated and the aredsidh acosystem services are used. This
may be done by recording imports and exports ofystem services between different areas.

The majority of provisioning services are likely bee generated and used in the same
ecosystem since it is necessary for the relevatérats to be harvestdd situ Subsequent
transactions involving the processing, transpantatind sale of harvested materials are the
subject of standard economic accounting and arethwtfocus of ecosystem accounting
presented here. At the same time the linking oBgsi@m accounts and standard economic
accounts is facilitated through the use of the SHEsAnework and hence extensions to
analyse the relationship between ecosystem sendces a more complete series of
transactions, including international trade flowsy be developed.

Overall however, while there is a recognition ¢ tteed to relate the generation of ecosystem
services with the location of the beneficiaries d@he accounting logic is clear, there are
measurement challenges involved that indicate ad niee ongoing testing and the
development of methods.

M easurement boundariesfor ecosystem services
Supporting services

Chapter 2 noted that the definition of ecosystemices excludes the set of flows commonly
referred to as supporting services. These inclotte-iand inter- ecosystem flows and the role
of ecosystem characteristics that are togethezateftl in ecosystem processes. The exclusion
of supporting services ensures that the scope o$ystem services in accounting terms
reflects only the point of interaction between husiaand ecosystems. This notion of
ecosystem services is often referred to as “ficabgstem services” in that they are the final
outputs that are generated and used from an eeasy¥he focus on final ecosystem services
helps to avoid double counting the contributionecbsystem services to the generation of
benefits.
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In concept, as described at a high-level in Chahtéris possible to describe a series or chain
of flows linking various intra- and inter-ecosysteflows with ecosystem services and
subsequently to benefits. For certain analyses,ppimg” this chain may be particularly
important in order to assess the ecosystem widdidatipns of specific decisions, for
example to understand the impact of increasingdsaref timber from a forest. In practice, the
complexity of ecosystem processes means that dledetand complete accounting for
supporting services is very difficult to supports & consequence, the approach in SEEA
Experimental Ecosystem Accounting is to account éopsystem wide effects through
assessments of changes in ecosystem assets. Adathe time, mapping the chains of
ecosystem flows may be important in certain siturei

While supporting services should be excluded, daténg the final output of an ecosystem as
distinct from various supporting services may Wiiadilt. However, in accounting terms the
distinction is important. Without the distinctiolnet measurement process may aggregate both
ecosystem services and supporting services ance@oestly overstate the contribution of
ecosystem services in the generation of benefits. differently, the supporting services
should be seen as an input to the ecosystem sewltieh are therefore embodied in the flow
of ecosystem services to benefits. Adding togethipporting services and ecosystem services
therefore represents a double counting of the iaution of supporting services.

Biodiversity and ecosystem services

As summarised in Chapter 2, the relationship batvwes®system services and biodiversity is
complex. On the one hand, biodiversity is a corratteristic of ecosystems, and on the other
changes in ecosystem extent and condition reflentges in biodiversity.

In general, in the SEEA, biodiversity is consideesda characteristic of ecosystems rather
than as an ecosystem service and hence is besirgedofor as part of the assessment of
ecosystem assets — in particular as part of thesssgent of ecosystem condition. In this
context, falling biodiversity (as measured for epdarby reductions in the number of species
in a given area) will generally correspond to denlj ecosystem condition.

However, there may be certain aspects of biodiyetisat may be considered important final
ecosystem services and these should be recordeppaspriate. For example, ecosystem
services should be recorded to the extent thaidcpecies, such as the giant panda, provide
cultural services.

Section 4.5 presents an extended discussion omiatiieg for biodiversity through a focus on
the species level of biodiversity. The materialhfights the range of information that is
available in relation to biodiversity and explaihg ways in which this information may be
organised to provide information for the purposesamsystem accounting.

Abiotic services

As noted in Chapter 2, ecosystem services do poesent the complete set of flows from the
environment that contribute to economic and othemdin activity. Important examples of
other environmental flows include the extraction roineral and energy resources from
underground deposits, energy from the sun for tbwigg of crops and as a renewable source
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of energy, and the movement of wind and tides wiceh be captured to provide sources of
energy. More broadly, the environment provides ¢pace in which economic and other
human activity takes place and the provision ofcepanay be conceptualised as an
environmental flow. Collectively, these other floiwem the environment are referred to as
abiotic services and contribute to many SNA and-8biAA benefits. The measurement of a
number of abiotic services is discussed in Cha@ensd 5 of the SEEA Central Framework.

The boundary between ecosystem services and abatiices is defined by the scope of the
processes that are relevant in their generatiois ¢onsidered that ecosystem services are
generated as a result of bio-physical, physico-ct@mand other physical processes and
interactions within and between ecosystems — heough ecosystem processes. Abiotic
services are not generated as a result of ecosyptegesses, although there may be
particularly close relationships between abiotisorgces and ecosystem proced8ds.is
noted that while water is an abiotic resourcepitssision from the environment is considered
to be generated through ecosystem processes and thenprovision of water is considered
an ecosystem service.

The importance of recognising abiotic services kosgstem accounting lies in the
organisation of information for the assessmentl@rative uses of land. Most commonly
there are trade-offs between baskets of ecosystelraliotic services that can be made for
alternative land uses. Examples of where these-w#d may arise include cases where there
may be use of agricultural land to establish minopgrations, or cases where roads are
extended into native vegetation. Considering themsge-offs only in relation to ecosystem
services would reflect too narrow an analysis. Tbesideration of both ecosystem services
and abiotic services provides a more complete sgsrd framework and confirms the need
to use the accounting in both the SEEA Central Emonk and SEEA Experimental
Ecosystem Accounting in a complementary manner.

Accounting for flows related to joint productionarbps and other plants

In recognising a chain of flows between human Wwelhg and ecosystems, the critical point
in the chain for accounting is where the ecosystemice ends and the benefit begins (see
Figure 2.2). In some cases this measurement boyodarbe clearly defined but in relation to
crops and other plants where there is a complex wibduction process involving ecosystem
services and human inputs, determining the distindtetween inputs of ecosystem services
and the generation of benefits may not be straoghverd.

The involvement by economic units in the productidrcrops and other plants takes place
along a continuum and there are varying degreeshich the growth of these biological
resources is managed. Consequently defining stdndées by which the contribution of
ecosystems can be measured is difficult. To dabentain approaches have emerged to define
a boundary for accounting purposes. The first agpgraneasures the ecosystem services as
equivalent to the amount of the crop that is hdedgsirrespective of the extent of
management of the growth of the crop. It may berrefl to as the harvest approach.

%It is also recognised that a number of resourcesidered abiotic, such as fossil fuels, are thérasethe
outcomes from ecosystem processes but on a qfieeedlit time scale.
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3.24 The second approach distinguishes between theteot@nanagement of growth by defining
some crops as natural and some as cultivated folgpsthe logic outlined for the SNA
production boundary. Where the crop growth is nahaged (e.g. timber logged in naturally
regenerated forests) the ecosystem service is éguhk amount of crop that is harvested.
Where the crop growth is cultivated, the ecosystemmices are equated to the combination of
soil nutrient cycling, abstraction of soil watemllpation and other ecosystem processes
involved in the growth of a plant that a growerliséis in combination with other inputs
(labour, produced assets, fertilisers, etc). lhegitsituation the measured ecosystem service
still represents the input “purchased” from the system by the grower and hence the
ecosystem service remains the final output of dusystem.

3.25 For ecosystem accounting there are a range ofréaiaconsider

(i) First, it is likely to be useful in all measurema&antexts to describe the chain of
flows related to cultivated and natural biologicesources such that there is a full
appreciation of the ecosystem linkages and to réseghat there are many points
in the growth process at which human influencehengrowing process may occur.

(i) Second, as part of describing the chain of flovis lilkkely to be relevant to organise
the information according to the type of managenwnharvest technique being
applied. For example, there are likely to be quiiiferent effects on ecosystem
assets from the use of small fishing boats comptrddrge trawlers even though
the benefit extracted (fish) may be the same i loases. Accounting for changes
in management and harvest technique may be an fampdiocus for ecosystem
accounting’’

(i) Third, the purpose of the analysis may influence tihoice of measurement
approach. For broad assessments across multipbgstems it may be sufficient to
focus only on the harvested products while for gsmsn specific analysis a
different measurement focus may be more relevant.

3.26 Recognising the need for measurement boundary tdrdnen for accounting purposes, the
proposed approach for SEEA Experimental Ecosystecoénting is the second approach.
This approach applies the SNA distinction betweatumral and cultivated growth processes
for ecosystem services from biological resourceingothat ideally the accounts would
distinguish a number of management practices tdemeatflect different degrees of
management intensity which, in turn, are likehaffect ecosystem assets in different wiys.

3.27 This approach provides a measurement boundarycfisystem services that aligns with the
SNA production boundary and also the boundary tier Classification of Natural Inputs as
described in the SEEA Central Framework. Imporjarkie principles of the approach can be
applied consistently across different types oficated biological resource (e.g. for crops,
orchards, livestock, etc).

*1 1t may be especially useful to distinguish thedoretion of crops within highly intensive systemsisias
greenhouses which may use few ecosystem services.

%21t should be recognised that this approach doesrelate to an assessment of whether the associated
ecosystem may be considered natural but rathesciises on the degree to which the growth of the cro
produced is more or less cultivated. Thus wild rEbbaptured in agricultural lands would be consdeto be
grown naturally, i.e. uncultivated.
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It is recognised that this approach is not consistgith many existing approaches to
measuring ecosystem services — for example theeiiibm Ecosystem Assessment (MA)
and The Economics of Ecosystems and BiodiversiBEB). In these exercises the ecosystem
service boundary for crops has been equated tortps themselves, while for livestock the
ecosystem services is the same as proposed abionedgial to the grass eaten. In concept,
the approach used in MA, TEEB and other studiess psinciples relating to the removal of
biotic resources from an ecosystem rather than ideration of the SNA production
boundary.

In practice it may be difficult to articulate andeasure all of the various ecosystem processes
for different cultivated biological resources. Heritmay be appropriate to apply the harvest
approach for cultivated crops and other plantss Bssumes that the various flows such as
pollination, nutrients from the soil, and watertthgut to the growth of the mature crop flow
in fixed proportion to the quantities of harvesmdduct. Provided that the joint production
function remains relatively stable (in terms of tiedative degrees of human and ecosystem
involvement) then this assumption may be reasonable

Model for the measurement of ecosystem services

Building on the figures in Chapter 2 showing linkstween ecosystem assets, ecosystem
services, benefits and human wellbeing, the follmfigure shows a model that may be used
to place in specific context the measurement obystem services and related flows. The
example provided in Figure 3.1 relates to the mwiowi of fodder for livestock. The figure
shows flows related to ecosystem services, benpdfitmman inputs, and residual flows in
relation to the relevant ecosystem asset (ranggland the associated economic activity of
grazing.

Annex A3.1 shows further examples of the applicatibthis model to selected provisioning,
regulating and cultural services. The annex alsoudises possible measurement approaches
for the various ecosystem services.
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Figure 3.1. Provisioning of fodder for livestock

Inputs to pastures e.z. fire control, Inputsanimal holding
sceds for improved pastures c.g. herd ng,
veterinarycare

Ecosystcm services:
grass, other

ECOS\/Stem animal feed

(rangeland)

Manure

Benefits:animals

Grazing by milk, meat, hides

domestic
animals

Other measur ement issues
Defining volumes of ecosystem services

Ecosystem services are defined as the contribtidoenefits and hence should be measured
only when SNA or non-SNA benefits can be identifigthus, if there are no beneficiaries
there can be no ecosystem service flows. Consistightthis treatment, the volume of any
ecosystem service will rise as the number of beizefes increases. For example, a walking
track in a forest provides more cultural servicestlee humber of people using the track
increases. This result reflects the starting pfintaccounting for ecosystem services being
the use of ecosystems in economic and other huotavitya

As a result of this logic, in concept, there may ri® ecosystem services from a given
ecosystem asset during an accounting period. Howewemains relevant to assess such an
ecosystem asset for two reasons. First, there raahé capacity for an ecosystem asset to
provide ecosystem services in the future and hemessures of the asset and changes in the
asset are relevant. Second, although an ecosysiseh may not provide ecosystem services
directly, it may contribute important inter-eco®rstflows as part of the ecosystem processes
that generate ecosystem services in other ecosystem

“Storage” of ecosystem services

For some ecosystem services such as those relttirige harvesting of timber or the
abstraction of water, it is possible to observe‘dterage” of ecosystem services for future
use. This may be seen when certain natural resowceailable for use are not harvested
during an accounting period and may increase thrawgural regeneration or replenishment.
In accounting terms, these “unused” ecosystem s\are recorded as increases in the stock
of the relevant natural resources (as part of tlemasmrement of ecosystem assets). In
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subsequent accounting periods these higher levedtook are available for future ddeand
should only be recorded as ecosystem servicesdnpéniod in which they are actually
harvested. In effect, part of an ecosystem aspeésents an inventory of natural resources
that may be increased or decreased through regiemeoa extraction.

Disservices

From a societal perspective there may often beoouts from ecosystem processes that are
seen as negatives (e.g. pests and diseases). ddussestem disservices often originate from a
combination of ecosystem processes and adverse rhunmanagement. In part, these
disservices are included in the ecosystem acconrds indirect manner, for example when
agricultural pests lead to declines in ecosystesetasand a reduced supply of ecosystem
services. However, other disservices that direethfer the production or consumption
functions of households, enterprises and govermnésig. natural pathogens having an
impact on health) are not accounted for in thendtédin of ecosystem services outlined above.

At this stage, accounting for disservices and #lationships to ecosystem processes and
benefits has not been developed. It is noted tlatynindustries take implicit advantage of
these disservices (e.g. manufacturers of pesticiddspharmaceuticals) and hence the nature
of the connection between any particular dissersite overall individual and societal well-
being is likely to be difficult to establish. Alstg some extent, increases and decreases in the
levels of disservice may represent normal flucturetiin ecosystem processes and perhaps
might best be reflected in accounting for changescosystem assets. Overall, more work is
required to understand and account for disservie@hin the ecosystem accounting
framework presented here.

Scale

The scale of measurement required to assess teeagien and use of ecosystem services will
vary by type of ecosystem service. Some may bergesttin a very small area whereas some
may be generated over quite large areas. Henaeotien of services being generated “from
an ecosystem” may be interpreted in different waggsending on the ecosystem service under
consideration.

Flows of ecosystem services between countries

There are a number of aspects to consider conggefliws of ecosystem services between
countries. First, there are some regulating sesyifm@ example carbon sequestration, where
the provision of the service provides benefits ltqpeaople irrespective of the location of the
relevant ecosystem. From an accounting perspeittiweuld be possible to record imports
and exports of ecosystem services in this situataftecting the distinction between the
generation of the service and the location of tbaeficiaries. Similar, but smaller scale,
transactions might be recorded in relation to dirafion and water purification services
between neighbouring countries.

33 Note that the pattern of growth in stocks is ljk&l be non-linear over time.
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Second, non-residents visiting a country are likelyise ecosystem services and, similarly,
residents visiting another country are likely tce uscosystem services from the country
visited. These flows of ecosystem services may dmorded as imports and exports of
ecosystem services as appropriate. A related itugbncerns provisioning services from
fish caught by resident producers in non-residesters. These services should be treated as
an import of an ecosystem service in the accourttseccountry undertaking the fishing.

Finally, it is noted that there are likely to beteirecosystem flows that cross country
boundaries. Flows of water via major rivers areaatipular example. As described, inter-
ecosystem flows are not flows of ecosystem senhosgever these flows should be recorded
as part of a complete accounting for ecosystenmtsadser accounting purposes they may be
identified separately from inter-ecosystem flowshivi a country but the overall conceptual
treatment is analogous.

Classification of ecosystem services

The classification of ecosystem services describedSEEA Experimental Ecosystem
Accounting — the Common International Classificatiof Ecosystem Services (CICES) - is
aligned with the discussion on measurement boueslaand characteristics of ecosystem
services described in Section 3.2. CICES fits theobroader picture of ecosystem accounting
by providing a structure to classify those flowdimed as ecosystem services. It does not
provide a structure to classify ecosystem assetxsystem processes, ecosystem
characteristics, abiotic services or benefits. Fdgli3 in Chapter 2 places all of these parts of
ecosystem accounting in context.

At the broadest level three different categoriesecdsystem services are distinguished in
SEEA Experimental Ecosystem Accounting: (i) prasising services; (ii) regulating services;
and (iii) cultural services, as defined in Sect®?.

Table 3.1 presents the higher levels of CICES arpkrence to date suggests that at this
broad level the structure of CICES can be usedrange of situations. The table also provide
examples of ecosystem services that are considiErede within each group without
attempting to be exhaustive. Examples of relatedtiks are also shown in the final column.
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Table3.1 Threelevesof CICES

CICES for the SEEA Experimental Ecosystem Accounts

Section (1-digit)

Division(2-digit)

Group (3-digit)

Examples of ecosystem services

Examples of benefits

Provisioning Water taken up for the growing of crops and animals,
agricultural, mining, manufacturing and household use, Drinking water, water for crop production, livestock feed,
Water Water etc thermoelectric power production, etc.
Uncultivated terrestrial plants and animals (e.g. game
Uncultivated terrestrial plants and animals for food ||animal, berries and fungi in the forest) taken up for food |Food for human consumption
Uncultivated freshwater plants and animals (e.g. plaice,
Uncultivated freshwater plants and animals for food ||sea bass, salmon, trout) taken up for food. Food for human consumption
Uncultivated marine plants, algae and animals (e.g.
Uncultivated marine plants, algae and animals for Seaweed, crustaceans such as crabs, lobsters, crayfish)
| food taken up for food. Food for human consumption
Crops and vegetable products; cultivated timber and
Nutrients and natural feed for cultivated biological [[Nutrient resources for the uptake by crops; fodder for cotton; cattle for meat and diary product; aquaculture
resources livestock; feed for aquaculture product; product;
Logged timber, straw, flax, algae, natural guano, corals,
Plant and animal fibres and structure (e.g. natural timber,
straw, flax, skin,
Plant and animal fibres and structures manufacturing or domestic use final consumption
Substances and biochemicals (e.g. rubber, enzymes,
gums, oils, wax, herbal substances) from living organisms | Substances and biochemicals, such as rubber, enzymes,
taken up for medicine use, manufacturing or domestic gums, oils, wax, herbs to cosmetic and medicinal use or for
Chemicals from plants and animals production further processing in the manufacturing industry
Genetic materials taken up for breeding programmes (e.g. | Genetic materials used for breeding programmes (e.g. for
Materials Genetic materials for crop plants, farm animals, fisheries and aquaculture) | crop plants, farm animals, fisheries and aguaculture)
Wood taken up for fuel; uncultivated energy plants, algae
to be harvested for biofuel; dung, fat, oils from natural
Energy Biomass based energy animal to be extracted for energy. Heating, light, fuel etc.
Other provisioning services, n.e.c. Other provisioning services that are not classified
elsewhere in this section, such as provisioning of exotic
Other provisioning services animals, tamed animal trained to harness Work and pet animals
Regulating Chemical detoxification/breakdown of pollutants by Reduced level of pollutant/contaminants in soil and ground
Bioremediation plants, algae, micro -organisms and animal. water
Dilution of municipal wastewater in rivers, removal of
organic materials and nutrients from wastewater by
biogeochemical process; filtration of particulates and
Remediation and regulation of aerosols; sequestration of nutrients and pollutants in
biophysical environment Dilution, f and seq ion of organic sediments, removal of odours. Cleaner air, water and soil
Natural or planted vegetation that serves as shelter belts, | Dust storm mitigation, shelter from the wind, improvement
Air flow regulation air ventilation services. of ventilation and heat mitigation in the urban area.
Regulation of timing and magnitude of water runoff, Prevention of flood damage; recharge of water into surface
Water flow regulation flooding and aquifer recharge water and ground water; reduced damage from high water.
Flow regulation Mass flow regulation Soil and mudflows stabilization Prevention of soil erosion, avalanche and mudflows.
Capture of carbon dioxide; Climate regulation; Reduced amount of greenhouse gas in the atmosphere;
Maintenance of urban climate (such as temperature and |Reduced impact of climate change; Improvement of the
Atmospheric regulation humidity) and regional precipitation patterns. climate condition.
Oxygenation of water, Retention and translocation of
Water cycle regulation nutrients in water Improvement of water quality
1ance of soil fertility and structure in the Improvement of soil fertility and productivity in the
of physico- Ped is and soil cycle regulation cultivated system cultivated system
environment Noise regulation Natural buffering and screening Reduction of noise level
Lifecycle maintenance, habitat and gene pool Pollination, seed dispersal, maintenance of habit nursery |Improvement of productivity of crops, habitats
protection population and habitats conservation
Regulation of biotic Reduced hazard level to crops, human health and the
environment Pest and disease control (incl. invasive alien species) ||Control of pathogens environment
Cultural Enjoyment for hiking, bird watching, whale watching, etc.;

Physical or experiential use of
ecosystems [environmental
setting]

Non-extractive recreation

Landscape and seascape character and biodiversity
species for hiking, bird recreation

Increase health level; increased number of visitor in the
tourism industry

Information and knowledge

Landscape character and biodiversity species for scientific
research and education

Scientific progress (e.g. such as pollen record, tree ring
record, genetic patterns); Increase knowledge (e.g. subject
matter for wildlife programmes and books) etc.

Intellectual representations of
ecosystems [of environmental
settings]

Spiritual & symbolic

Landscape character and biodiversity species for cultural
heritage values, sense of personal and group identity

(sense of place), spiritual and religious function, etc.

Increase sense of personal and group identity, national
symbol, performance of spiritual and religious functions.

Non-use

Ecosystem capital for future generation of ecosystem
services.

Availability of biodiversity and ecosystem services to future
generation.
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3.44  There are three important boundaries in relatioBGIOES.

3.45

3.46

34
34.1
3.47

3.48

(i) First, abiotic services are excluded. Where releyan analysis, estimates of these
flows may be appended to presentations showing/stsra services.

(i) Second, supporting services are excluded. Thame mtempt in CICES to provide a
classification that covers all of the possible antand inter- ecosystem flows that
would need to be incorporated. It is recognised thany of the regulating services
may also be considered supporting services depgradirtheir place in the chain of
ecosystem flows. However, CICES is a classificabérthose flows that have been
defined as “final” ecosystem services and henceldhoe used only to classify these
flows.

(ii) Third, consistent with the proposals in Section 812he case of cultivated crops and
other plants, the “final” ecosystem services aré the crops or other harvested
products. Rather they are flows related to nutsiemtater, and various regulating
services, such as pollination. (Note that in theecaf uncultivated/natural crops and
other plants, the ecosystem services are measurtbe Iharvested products.)

If a choice is made to use an alternative bounttarthe measurement of ecosystem services
related to crops and other plants, then some aitaptaf the CICES would be required. It is
noted that if ecosystem services are measured dking of harvested crops, then it is
necessary to exclude flows relating to the growthtrese plants such as pollination,
abstraction of soil water, etc. Put differentlyttbpollination and harvested crops should not
be combined in a measure of “final” ecosystem ses:i This would represent a “double
count” in accounting terms.

The CICES shown in Table 3.1 is an interim versiBICES is under ongoing development
and review to enable a full articulation of relevalasses, a description of the various levels
including resolution of boundary issues, and agnatient to fit within general requirements
for statistical classificatior. The further development of CICES will benefit fraesting
and use in the compilation of estimates of ecosystervices.

Accountsin physical termsfor ecosystem services
Introduction

The aim of accounting for ecosystem services isrganise information on the flows of
ecosystem services by type of service, by ecosyatset, and by economic units involved in
generating and using the various services. Thisosedescribes relevant measurement issues
including statistical units, the structure of tabénd possible extensions, links to the SNA and
the SEEA Central Framework, and approaches to ggtioa.

Following the units model outlined in Section 2Zalyseful starting point for the measurement
of individual ecosystem services is likely to betlat level of LCEU. For many ecosystem
services this approach will be appropriate sincetnezosystem services will be generated
within the spatial area defined by an LCEU.

3 Materials relating to the development of CICES aiHer documents relating to the classification of
ecosystem services are listed in the Referencesxann
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Where an LCEU is completely contained within an EAdJattribution of observed physical
flows to finer spatial levels, i.e. to BSU, is régal for reporting at the EAU level. However,
where a particular ecosystem service is generated an area that crosses LCEU and EAU
boundaries, attribution of information to the BS&vdl is likely to be required in order to
permit attribution to the EAU level.

The process of attributing information to BSU mayuire particular assumptions, scientific
knowledge or other information. It is likely to belevant to consider the discussion on
integrating information across spatial scales ictiSa 2.5. This is an area of ecosystem
accounting in which further testing and developn@nhethods is required.

Measurement unitsfor ecosystem services

The measurement units used for recording flowscosgstem services will vary significantly
by type of ecosystem service. Provisioning servigiisgenerally be measured in units such
as tonnes or cubic metres but may also be meabutgtts specific to the type of service. For
example biomass based energy may be measuredés.jou

Regulating services will also be measured in aetaif units depending on the indicator used
to reflect the flow of service. For example, thevem of carbon sequestration would normally
be measured in terms of tonnes of carbon sequdstere

Cultural services are likely to be measured insurélated to the people interacting with the
ecosystem and using the ecosystem service. Poss#alsurement units include the number of
people visiting a site or the time spent usingdéerice. Also, since the volumes of cultural

services are likely to be related to the qualityhef ecosystem it may be relevant to take into
account changes in ecosystem condition and ecosydiaracteristics. For example, visits to

national parks may be linked to the general cooditif the associated ecosystems.

For presentational purposes it may be relevanotwert all of the measures into index form

with a common reference year set equal to 100. Toems may be placed on increases or
decreases in flows of ecosystem services over timglicitly however, such a presentation

may suggest that each ecosystem has an equal veighthus the relative significance of

each service would not be clear.

Possibletablesfor ecosystem services

Table 3.2 below presents a basic table that mayskd to record estimates of the physical
flows of different ecosystem services. It may betlie envisage this table being constructed
for a country as a whole (the highest level of EAdBich is composed of numerous LCEU of
different types. Thus it is assumed in the tabée the same type of LCEU in different parts of
a country can be aggregated. It is also assumeéalhecosystem services are attributable to
specific types of LCEU. This is likely to be appriape for many provisioning and cultural
services but may not be appropriate for some régglaervices (e.g. water flow regulation).

No row is included to reflect a total flow of difent ecosystem services. This is because the
aggregation of estimates across different servisesot straightforward and is subject to
considerable caveats. The following sub-sectiooudises relevant approaches and concerns.
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Table 3.2 Physical flows of ecosystem servicesfor an EAU

Type of LCEU

Ag Urban| Forest| Wetlands

Type of ecosystem services (by
CICES)
Provisioning services

Regulating services

Cultural services

3.57 By definition the total generation of a single giem service should equal to the total use of
that service. However, the use of the servicesrgse within a single EAU may not all take
place within the EAU. For example, urban areas thefit from the air filtration services
provided by nearby forests. It may therefore beirdérest to further disaggregate the
information on the use of ecosystem services byiadparea recognising those services that
are used by people within the EAU and those usqukebple outside the EAU.

3.58 The attribution of the generation of ecosystemisesvto type of economic unit (enterprises
or government) will require certain assumptionsarding the nature of the ownership and
management of the areas within the EAU in relatthe various ecosystem services. Table
3.3 shows a possible way of organising informationthe generation and use of ecosystem
services by economic units. The measurement oéthess may be of particular relevance in
accounting for ecosystem degradation.

Table 3.3 Generation and use of ecosystem servicesfor an EAU

Generation of ecosystem services Use of ecosystem services

Enterprises Households  Government Total Enterprigeslouseholds | Government Non- Total
residents

Type of
ecosystem
services (by
CICES)

Provisioning
services

Regulating
services

Cultural
services

3.59 Depending on the purpose of analysis it may bevaglieto also include measures of abiotic
services for particular spatial areas (EAU or LCETHe joint presentation of information on
ecosystem services and abiotic services may fateild greater understanding of the trade-offs
in the management of given areas of land.

3.4.4 Approachesto aggregation of ecosystem services

3.60 In the context of ecosystem accounting, aggregatigalves bringing together information
about a particular spatial area to provide ovarghsures of flows of ecosystem services.
Three different forms of aggregation can be enwdad-irst, there is aggregation of the
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various ecosystem services within a spatial aragfample within an EAU). Second, there

is aggregation of a single ecosystem service acnodisple spatial areas within a country (for

example, across multiple LCEU). Third, there israggtion of all ecosystem services across
multiple (potentially all) areas within a country.

Before considering methodological issues in agdiegacompilers should consider carefully
the purpose of aggregation across different typkseamsystem services. Since some
ecosystem services are competing and some areqatdu tandem, it may be sufficient to
present information on flows of different ecosystsenvices to allow analysis of trade-offs
without undertaking aggregation.

Where aggregation of different ecosystem servisamdertaken it is necessary to aggregate
flows for each service that are likely to be reeardising different measurement units. Given
this, aggregation requires some assumptions regatte relative importance or significance
of each of the ecosystem services. This is dorestablishing weights that reflect the relative
importance of each service.

There are a number of possibilities to determindgkie for ecosystem services. One
alternative is to assume that each service had eaight. Another alternative is to calculate
a price in monetary units for each service (seep@hab for discussion of this issue). A third
alternative is to derive weights based on a comfitamrency”, for example in terms of
hectares or units of carbon, where different platsiceasures are converted into a common
measurement unit.

Two methods of aggregation to derive overall messwsing a set of weights may be
followed depending on the type of weights beingduséhe first method involves the
construction of a composite index. This requiresveoting all physical flow measures into
index numbers representing the changes betweepdviads — generally the first period is set
equal to 100. Then all numbers in a period are iplidt by the relevant weight to form an
average index number value for that period. Infits¢ or base period the average will equal
100. In effect different rates of change in theéaas service flows are given different levels of
significance®

The second method involves the summation of obdensthat have been converted into a
common unit of measure. An example of this is the of prices to convert physical measures
to monetary values. The monetary values of eaclicgecan then be summed to provide an
aggregate measure.

Clearly, the derivation of aggregates involving amtver of different ecosystem services
depends heavily on the choice of weights. Withoublaust rationale for the chosen set of
weights, the ability to interpret the resulting eggates will be limited. It is possible to test the
robustness of the weights themselves through sétysinalysis (i.e. testing the variation in

aggregate values in response to variations in #ighting patterns). However, this should not
be seen as a substitute for understanding the ptuatémplications of choosing a particular
type of weights. This is especially the case whensidering the use of prices given the
conceptual and practical complexities describedhapter 5.

% Additional details on the compilation of compositdicators are provided in a OECD/JRC handbook.
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Beyond the choice of weights the other significesgue in aggregation across different

ecosystem services is the extent to which the medscosystem services provide a complete
coverage of all ecosystem services. Indeed, inadeqeoverage may be a more significant
issue in terms of the interpretation of aggregtias the selection of weights.

The aggregation of the same ecosystem servicesaorabiple ecosystems will not generally
require dealing with different measurement unitswidver, there are measurement challenges
relating to the extent to which an ecosystem sergan be considered to be of a consistent
character and quality across different spatialsaran ecosystem service has been measured
in each area and is considered to be of consiqtality then aggregation is straightforward.
However, often in ecosystem services measuremeid fitecessary to estimate flows of
ecosystem services using estimates from varioes sihd then to use scaling and transfer
techniques (discussed in Chapter 2) to providenaeséis for other areas. In these cases it is
assumed that differences in quality of ecosystawices between areas are taken into account
by adjusting for any variations in ecosystem charastics.

The aggregation of ecosystem services across efitfeservices and multiple spatial areas
should take into consideration the issues of weightaling and transfers that have been
described above.

M easuring ecosystem services

This section provides a general discussion on tleasmrement of ecosystem services in
physical terms including some consideration of Wwhécosystem services may be the focus of
measurement given that it is not possible to iderand define all ecosystem services. An

annex describes potential approaches to the measnteof a range of ecosystem services
(see Table 3.4 below) in physical terms in ordeagsist compilers in commencing work on

the measurement of ecosystem services and to b&tikxin the measurement concepts.

Provisioning services

Provisioning services should be the most amenabieeasurement as many of the indicators
relate to currently measured aspects of econontivitgic At the same time, defining the
boundary for cultivated crops and other plants nmagan that a range of additional
information is required in order to measure floetted to these cultivated resources.
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Table3.4 List of selected ecosystem services described in annex

Name of ecosystem service | Description of ecosystem service Corresponding benefit

Provisioning Services

Services for crop| Abstraction of soil water, nutrient uptake, polliea for the growing| Crops can be consumed directly or

production of crops, etc further processed.
Fodder for livestock Rangelands provide fodder qgraherbs, leaves from trees) folLivestock products (including animals,
livestock meat, leather, milk)

Raw materials including Ecosystems, in particular forests, generate stetkwood and non- Firewood, logged timber, non-timbe
wood and non-timber timber forest products that may be harvested. Nuober forest| forest products.
forest products products include for instance rattan, various fgodducts, genetig
materials, ornamentals, and pharmaceutics.
Fish and other aquatic Marine and other aquatic ecosystems provide stotKish and other| Fish and other species can be consurped

=

and marine species fror species that can be harvested. or further processed.
marine and inland waters
Water Water that is filtered and stored by ecosystean be used as rawDrinking water

material for the production of drinking water.

Regulating Services

Carbon sequestration Ecosystems sequester andcatbon Climate regulation
Air filtration Trees can filter particulate mattieom ambient air Cleaner air
Flood protection Ecosystems regulate river flowd ean provide a barrier to floods Protection mfgerties and lives

Cultural services

Providing opportunities Ecosystems provide physical space and landscapedsaeople enjoy Recreational benefits
for tourism and| view, or undertake activities in (hiking, cycling)
recreation

Regulating services

3.72 Typically, regulating services involve a procesgutated by the ecosystem that provides a
non-SNA benefit to society and individuals in thernfi of lowering the risks of certain
negative outcomes (such as polluted air). Howdyeical for this category of services is that
a range of conditions and factors need to be ineplzfore a benefit is received. Thus, the
processes regulated by the ecosystem only generbémefit - and therefore an ecosystem
service - in situations where the ecosystem preseafiect people. For instance, air filtration
by vegetation only materialises as an ecosystemicgeif there is air pollution in the
atmosphere that the vegetation is absorbingiftitere are people living nearby that benefit
from a lower concentration of air pollutants.

3.73 These other conditions and factors differ for tlaeiaus regulating services. Note that these
conditions and factors are typically not a chanmgstie of an ecosystem, and they are not
reflected in measures of ecosystem assets. Nelesshethey need to be understood,
quantified and recorded before physical and moyeteasurement of the ecosystem service
can take place.

3.74 The delivery of regulating services is commonly arateasingly affected by land use choices
made by economic units and society generally. Adcal level the delivery of regulating
services may be affected negatively by the remof/akegetation, for example. Equivalently,
the delivery of regulating services may be enhanimgdhe planting of vegetation or the
protection of existing vegetation. Thus, while thgulating services themselves are generated
from ecosystem processes, the extent of their elglican be materially affected by human
activity.
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3.77

3.78

3.79

Cultural services

Cultural services are generally more difficult tefide than provisioning and regulating
services since they reflect the nature of humaaticgiships with ecosystems rather than more
direct extraction of resources or use of ecosygimnesses. At the same time there are some
cultural services that are direct contributions @oonomic activity, particularly the
opportunities provided by ecosystems for the prodnoof tourism and recreation services.
Also, some cultural services will be implicit inethvalues placed on land ownership, for
example the amenity value of a scenic view. Thiosret may be a range of cultural services
for which the evidence is present in the undergaloh various activities and the outlay of
expenditures.

For other cultural services the aim is to measueeaimenity or utility that people derive from

the landscape. For many people, particularly inthge peoples, this may be strongly spiritual
and cultural. In general terms, the extent of trseseices will be a function of human access
to the ecosystem (perhaps based on the numberoplep@teracting with the ecosystem,

either directly or remotely) and the extent andliuaf the ecosystem and surrounding

landscape.

Setting priorities for measurement of ecosystemices

In piloting ecosystem accounting at the nationallescit may be most feasible to initially
select a limited rather than a comprehensive seeaoSystem services for inclusion in
ecosystem accounting exercises. The potentialbidisio measure ecosystem services at the
national scale, both in physical and in monetaryngg differs strongly between different
ecosystem services. These differences occur ddédfewences in data availability, different
methodological constructions, and different compiex related to scaling up and aggregating
physical and monetary units associated with ecemsyservices. In addition, there may be
different policy priorities for analysing ecosysteervices.

To facilitate the selection process of ecosystemicEs in ecosystem accounts, a list of
criteria for ranking ecosystem services with regamndtheir potential suitability for inclusion
in ecosystem accounting is presented in Table 8&ab The applicability of the criteria will
differ between countries and the list should ber seeindicative only.

Environmental concerns, data availability and poleontexts will differ in each country,
hence the selection of ecosystem services for stasyaccounting will differ. In general,
from a methodological and data perspective, oftestrfeasible for ecosystem accounting are
the provisioning services including water supplince the benefits arising from these
ecosystem services are generally measured as fpataradard economic accounts. While
measurement of provisioning services may be usefuhderstand the relative dependence of
economic activity on ecosystems, the additionau@abf ecosystem accounting lies in
broadening the range of measurement and gathenfogriation on regulating and cultural
services whose significance may not be reflectedl & standard economic statistics.
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Table 3.5 Criteriafor prioritization of ecosystem servicesfor accounting purposes

Criterion

Brief explanation

Environmental Concerns

1 Sensitivity of the service to changes in the mment, including| Consideration may be given to services that arsitesn
from anthropogenic stressors. to environmental change / well reflect changesatural

capital stocks.

2 Likelihood of irreversible loss of ecosystem segg including by| Consideration may be given to services that |are
the supplying ecosystem being pushed past a signifithreshold generated from ecosystems that are generally uoders
and out of its “safe operating range”. to be close to significant environmental thresholds

Policy context

3 Possibility to influence environmental and/or mmmic policy and| Consideration may be given to services that fcan
decision making (decision making context) relatively easily be influenced by decision makiimg

order to have maximum relevance for policy making.

4 Economic importance of the ecosystem service. sideration may be given to those services that

generate the highest economic benefits.

Data and methods

5

Availability of broadly accepted methods for aaithg ecosystem
services supply in physical terms at a high agdregéevel

Consideration may be given to services for wh
broadly accepted modelling / quantification teclueis)
are available.

ich

Availability of broadly accepted methods for azathg ecosystem
services supply at a high aggregation level in reoyderms

Consideration may be given to services for wh
broadly accepted valuation approaches are available

ich

Availability of data for measuring ecosystem &% in physical
terms

Producing national level accounts will often regquir

scaling up estimates of ecosystem services toiangéf
level based on underlying spatial data. Both pbaged
data and spatially explicit data (e.g. land cosmils,
water tables, ecosystem productivity, etc.) areireq to
analyse a service at the national level.

Availability of data for measuring ecosystem &% in monetary
terms

Plans to generate new data on ecosystem sebtipps/

A firm intent or high likelihood that neweronmental
monitoring will provide essential data.

3.80

3.81

As part of broadening the coverage of ecosystemicas; measurement two areas that may be
considered for particular focus - water and carli@ata on water resources is often available,
in particular regarding the abstraction of drinkingter and to some extent irrigation water.
However, the link between ecosystem managemenwaiel provisioning is less clear, with
regards to such aspects as water purification uidecosystems or in the soil, water storage
in ecosystems in upper watersheds, etc. Givendbeoenic importance of water supply and
the declining water resources in many parts ofwhdd, including this service in ecosystem
accounts may be a priority in many countries. Alehge is to better understand, in particular
at high aggregation levels, the infiltration, pigétion and storage processes involved. The
incorporation of measures relating to water withdosystem accounting is significantly aided
by the development of international standards arowaating for water presented in SEEA
Water and a companion standard, the Internatioeeb®mendations for Water Statistics.

Recent years have seen a strong increase in initetbge carbon related ecosystem services of
carbon sequestration and the storage of carbonmed@ large amount of research on-going
aimed at quantifying these services at differeates; from local processes to national stocks
and flows. The development of REDD (Reduced Emmssidrom Deforestation and
Degradation) market mechanisms means that thedsasincreasingly, information available
on markets related to carbon. Given the broad esteand the increasing availability of
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3.82

3.83

methods and data relevant for this service, thigic® has a high potential for inclusion in
ecosystem accounts.

A challenge with regard to these ecosystem serigctsaccount for both the storage and the
sequestering of carbon. Storage and sequesterngatraligned. A high carbon stock may
mean that sequestration is limited because thetatge is close to its maximum biomass
under the ecological conditions pertaining in ttetipular area. A low carbon stock may
mean that there is scope for additional sequestrgg.g. in a recently cut forest with intact
soil fertility), but this does not need to be tlese (e.g. in a desert).

It should be noted however, that although scientifiethods and data are relatively well
developed for this service, this does not equaliyyato all ecosystems, with relatively much
data available for forests, and relatively few datalakes and coastal systems. There may
also be data and/or methodological constraintde@léo analysing carbon sequestration in
degraded forests and in forest/landscape mosaichdr discussion relating to accounting for
stocks and flows of carbon is presented in Chapter
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A3.2

A3.3

Annex A3.1: Modédsfor the measurement of selected ecosystem services

This annex provides examples of measurement apmeeafor some selected ecosystem
services. It is recognised that presenting therinébion in this de-constructed way may give

the impression that ecosystem services are ea&phrable flows. In reality, the measurement
of ecosystem services must start from a more hoksnse of an overall ecosystem and the
range of different services that effectively emdirgen the ecosystem as a bundle of services.
However, as a matter of statistical and sciengéfiproach, direct measurement of this bundle
is not possible and hence a decomposition mustidyeted.

Provisioning services
Provisioning services for crop production

Crop production includes the production of annuadl @erennial crops in cultivated land
including plantations, see Figure A3.1. The ecasystservices associated with crop
production comprise pollination, abstraction oflse@ater and soil nutrient uptake and
fixation. The farmer or land manager (i) managesaaegular basis, the overall production
environment, i.e. the farm or plantation, for imsta by constructing wind breaks or irrigation
reservoirs, pruning, etc; and (ii) harvests cragiagilabour and machinery. In practice, it may
not always be easy to distinguish between thederédift inputs at an individual farm level.
Crop residues are recorded as remaining in the, fegld returned to the ecosystem (a type of
intra-ecosystem flow).

Figure A3.1. Crop production

Farm nputs{labour, precuced asscts,
Intermodiateinputs), c.g. for terracing,
sceds, fert hzer

Inpuss for harvesting
( abour, produced assets,
Intcrmediateinputs)

Ecosystemservices:

Ecosystem soilwater, nufrients,
- pollination, ctc.
(agricultural

land)
‘\_/

Crapresiducs

Benefit: Crops

Provisioning of fodder for livestock

In livestock grazing, the service supplied by tleesystem relates to the amount of animal
fodder grazed by livestock. This animal fodder casgs annual and perennial grasses and
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herbs, leaves from trees, etc. The livestock hgldiystem may be more or less intensive, for
instance free ranging cattle grazing large stretobfesemi-arid rangeland, or dairy cattle
grazing confined pastures. The land manager magstnm managing the overall ecosystem,
for instance by sowing improved pasture varieties,by building fences or firebreaks.
Livestock holding is the activity undertaken by taed manager in the ecosystem, involving
all aspects related to animal production and riegulh outputs of animals, wool, milk, meat,
hides, etc.

A3.4 The ecosystem service can be measured in physicas in terms of amount of fodder grazed
by animals on an annual basis. Fodder will normabiynprise different types of quality
(palatability, nutrient contents, etc.). A partal of the manure is normally returned to the
field, contributing to maintaining soil fertilitynithe ecosystem, see Figure A3.2

Figure A3.2. Provisioning of fodder for livestock
Inputs to pastures c.g. firc control, Inputsanimal holding

seeds for improved pastures c.g hord'ng,
veterinarycare

Ecosystcm services:
grass, other

ECOS\/Stem animal feed

(rangeland)

Manure

Benefits: animals

Grazing by milk, meat, hides

domestic
animals

Provisioning of wood and non-timber forest products

A3.5 Wood production includes the production of timbed direwood in natural, semi-natural or
plantation forests. Non-timber forest products (IRSfinclude a broad range of products that
can be harvested in a forest, such as fibresr@tgn), fruits, mushrooms and pharmaceutical
products. Plantation forests are considered ctétiVdiological resources and are evidenced
by relatively significant levels of economic actjviin the growing process including the
construction of fire breaks, reforestation with gfie species, the spraying of pesticides, and
the thinning of branches to promote growth.

A3.6 Consistent with the application of the distinctibatween cultivated and natural biological
resources, the flows related to wood from naturatigenerated forests and NTFP are
presented in Figure A3.3 while the flows relatedMmod from plantations should be shown
following the same logic as presented in FigurelAR.relation to provisioning services for
crops.
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A3.7 For logging, a number of inputs are required sushahour, a saw and a truck. The product
resulting from the logging is logged wood, withlifed residues returned to the ecosystem.
Wood can have a wide range of different qualitisth the benefit (logged wood) and the
ecosystem services (wood) can be measured in tefrkg/ecosystem/year. The difference
between the two is that the ecosystem service septe wood at the moment immediately
before it is felled. The benefit arises immediatfer felling.

Figure A3.3 Provisioning of wood as a natural biological resource

Inputs to forest land, c.g. firchreak Inputsfor harvest

Bencfit:
ogged wooc

Ecosystem service:

Ecosystem wood

(forest)
u

Fzllingresiducs

Harvest
(logging|

Provisioning of fish and other aquatic and margpeecies

A3.8 Marine or inland waters (lakes, rivers) supply fiahd other species (shrimps, shellfish,
seaweed, etc.). There is generally little investniemmaintaining the state of the ecosystem,
even though monitoring or enforcement activitiesyntge undertaken, and on specific
occasions also restocking of specific lakes magdreied out. However, inputs are required
for the harvesting of fish and other species, mvg boats, nets, labour, etc.

A3.9 The ecosystem service is the fish as it is hardgsi@responding to the ‘gross removal’). The
benefit resulting from the activity fishing is alBsh. The ecosystem service may be measured
in physical terms in terms of the amount of fistugiat (i.e. the gross removal from the
ecosystem), accounting for differences in spedXscarded catch is usually returned to the
ecosystem. Often the discarded catch consists ynairdead specimens that do not lead to a
restocking of the ecosystem.

A3.10 In the case of aquaculture, the ecosystem serai@emore akin to those recorded in the case
of livestock. Thus the natural feed and other radtimputs are the ecosystem services
representing the contribution of the ecosystemhégdrowth of the fish or other aquaculture
products. Aquaculture operations that involve nonsxtion to a broader ecosystem (for
example fish raised in tanks) would be recordeldaasng no associated ecosystem services.
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A3.12

A3.13

A3.14

A3.15

A3.16

Provisioning of water

Freshwater can be extracted from deep or shallawfeag, and from surface water including
lakes, rivers or man-made reservoirs. The supplyaiter from deep aquifers is not strongly
linked to ecosystem functioning since these resexviend to depend on geological water
resources. The extraction of water from deep arpigtoring water that is not replenished on
human time scales should therefore be interpreddibas of abiotic services.

For both surface water and water extracted fromewable, shallow aquifers, both the
qguantity and the quality of water generally depemdecosystem functioning. Water from
rivers, lakes or other reservoirs may be purifigdebosystems, in particular if it has passed
through a wetland that has the capacity to breakndarganic pollutants, and absorb inorganic
pollutants. Water pumped up from aquifers or ogwdrsurface groundwater sources is often
less polluted than surface water because of thacigpof ecosystems to breakdown or bind
pollutants and filter micro-organisms harmful tartan health. Often, headwaters or complete
watersheds important for drinking water productaye protected and managed as drinking
water extraction area.

Water supply therefore combines elements of a praving and a regulating service. It is a
provisioning service in the sense that the extactf water involves a flow from the
ecosystem to society, however underlying the pesehthe water are a number of regulating
processes such as water storage (inter or intraadnand water purification.

The water accounts presented in the SEEA Centaah&work and in SEEA-Water detail the
methods for accounting for water resources inclgidieep aquifers. In contrast, in SEEA
Experimental Ecosystem Accounting, the focus issonsystems’ capacity to support water
extraction. The approach taken is to analyse tlwigioning of water as an ecosystem
service: the ecosystem service is the amount oérw@iefore treatment) extracted from the
surface water source or the shallow aquifer.

Investments may be made in order to protect theystem (generally a watershed) supplying
the water (e.g. adjusted land management, monjtafrwater quality, creation of retention

basins) as well as for the transformation of exéaevater into drinking water. The extracted,
untreated water enters the production functionhaf drinking water company, or of the

household consuming the water. The household ntagreconsume this water directly, or

filter it before consumption.

Regulating services
Sequestering of carbon and carbon storage

Often, the services of sequestering of carbon amton storage are labelled by the single
term “carbon sequestration”. However, they are equiifferent ecosystem services, albeit
linked within the broader carbon cycle. Both sesgicare important for ecosystem
management and therefore for ecosystem accouriting.release of carbon stored in above
ground biomass or in below ground stocks, such estlands, is an important source of
greenhouse gas emissions worldwide. It is alsatigect of much debate in the international
arena, in particular with regards to the REDD (ReduEmissions from Deforestation and
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A3.18

A3.19

Degradation) payment mechanism. At the same titme,sequestering of carbon, i.e. the
ongoing accumulation of carbon due to ecosystencgsses in particular Net Ecosystem
Production, is relevant since this removes carboxide from the atmosphere.

In order to capture both the stock and the floneasphe following conceptualisation of this
ecosystem service is used for the purpose of eaysccounting. Analogous to other
ecosystem services, the sequestering of carborahdn storage are service flows that can
only have positive values. In both cases the flamesexpressed as tons of carbon(equivalent)
per year, and should be specified for spatiallyirgef areas that can be aggregated for the
purpose of national level ecosystem accounting. Sérgice of the sequestering of carbon is
equal to the net accumulation of carbon in an extegy due to growth of the vegetation and
due to accumulation in below ground carbon resesvdihe ecosystem service of carbon
storage is the avoided flow of carbon resultingrfrmaintaining the stock of above ground
and below ground carbon sequestered in the ecosyste

To calculate the second part, i.e. the flow that ba attributed to maintaining carbon in
storage, the avoided emissions may be calculatedetthis approach the avoided emissions
only relate to the part of the stored carbon thaticlear risk of being released in the short
term due to land use changes, natural procesgedife) or other factors. No service flow is
recorded if stocks at risk of being released demased, but positive service flows are recorded
where stocks at risk remain in storage.

The conceptual model of the ecosystem servicefascion of ecosystem state and enabling
factors is presented in Figure A3.4. Figure A3.4veh that ecosystem management will
generally affect the net sequestration and/or tbeage of carbon in the soil. The enabling
factor for this service is the occurrence of cliemahange, which causes carbon sequestration
and storage to provide an economic benefit reguftiom avoided damages, at present and in
the future.

Figure A3.4 Sequestering of carbon

Inputs: ccosystem

Enablingfacter:
management

iy Climazechanze due
toincrease in GHG
concentrations

Benefits: recuced
4

) imoacts from
Ecosystem service: capture of CO2

(e-g- d forest) ) ‘Iimatcchen%c

Ecosystem
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Air filtration

Air pollution arising from particulate matter (imgicular the smallest fraction of PM: PM2.5
with a diameter <2.pm) is a major health problem in many countriesti§teally significant
relationships between PM concentration and cardimyar and respiratory diseases, as well
as lost working days due to air pollution-relatddesses have been shown in a range of
studies. Air pollution removal takes place throuble interception of PM by leaves (dry
deposition). The amount of interception dependstloa state and management of the
ecosystem (for instance, on an annual basis ewrdrees capture more PM than deciduous
trees). Two enabling factors are needed to turnettusystem process of deposition into an
ecosystem service. First, there needs to be aircgntdiution load (that can be measured in
terms of PM concentration), and second, there néedse an exposure of people to air
pollution in the zone affected by PM depositionthg ecosystem.

The total amount of particulate matter depositedain ecosystem can be estimated as a
function of the area, deposition velocity, time ipdr and average ambient PM2.5
concentration, according to the formula PM A*Vd*t*C, in which PM| = deposition of
PM2.5 (kg), A= area (f), Vd = deposition velocity as a function of theafé\rea Index of
the vegetation (LAI) (mmY, t= time (s), and C = ambient PM2.5 concentratkgim3). The
deposition velocity depends on the vegetation tyel there is an increasing number of
measurements of deposition velocities as a functbrvegetation type, in particular in
European countries.

A cause of uncertainty pertains to the distanoghath vegetation influences air quality. The
UK National Ecosystem Assessment assumed thathHeattefits from air filtration by forests
only occur at short distances (<1 km) from the $boréOther studies state that damage
assessments of particulate matter pollution ne@dnsider that air pollution (PM) can spread
over distances of several hundreds of kilometresifan emission source, which means that
the effect of large forests on air quality may lodiceable at large distances from the forest
edge.

Figure A3.5 Air filtration

Inputs : landcover change Enabling factors:
(i) atmosphericpollution
(ii} 2opulationdensity

Ecosystomscrvice: V
Ecosystem casturcct pallutants Benefit: Cledn air

(e.g. a forest) > >

Flood protection
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It is clear from a range of studies that speciiosystems can reduce the extent and intensity
of floods, thus reducing the risk of damage to thaivironments and other ecosystems.
Ecosystems such as mangroves, dunes or coral mefsparian forests, are particularly
relevant in this regard. This service is only rel@vwhere there is (i) risk of high water and
wave energy as a function of wind patterns andl lbathymetrics; and (ii) the presence of
people, economic activity and assets susceptibleswin the exposed flood risk zone. Storm
occurrence and therefore flood risk may be modeifiedprobabilistic manner, on the basis of
the occurrence and magnitude of storms in recezadies and on the basis of climate models
accounting for climate change. In coastal are@setosystem service involves the dissipation
of wave energy and the prevention of inundationinliand areas, the ecosystem service
involves the channelling and dispersion of water.

Figure A3.6 Flood protection
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Cultural Services
Tourism and recreation

Ecosystems provide an opportunity for tourism amgreation. Tourism is generally
interpreted as involving overnight stays, potehtiaisitors from abroad, and recreation is
more usually associated with day trips. The serweeally involves some degree of
investment in the ecosystem, for instance to matkaad build walking trails, cycling paths,
and camping sites. In physical terms, this ecosyservice can be measured in terms of the
number of people visiting the ecosystem.

The benefits accrue to visitors themselves, amteawby suppliers of tourism and recreational

facilities to the extent that they can attributeittoperation to the ecosystem. For instance,

some tourism facilities only exist because of thespnce of the ecosystem, as in the case of
an enterprise renting out skis or canoes. For agh&rprises, the picture is mixed, and only

part of their activity may be attributable to theogystem, as in the case of hotels or

restaurants located in or near natural parks.
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A3.26 Physical measurement of the ecosystem involvesdgapthe number of visitors, in terms of
visitor-days, or overnight stays, to ecosystemsalrsuch as national parks that are publically
accessible are most relevant for this servicenAbé case of provisioning services, the use of
ecosystem services in tourism involves a spectfiividy being undertaken, i.e. the recreation
activities by people in an ecosystem.

Figure A3.7 Tourism and recreation services
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Chapter 4: Accounting for ecosystem assetsin physical terms

Introduction

Ecosystem assets are gpatial areas containing a combination of biotic and abiotic
components and other characteristics that function together. Ecosystem assets are measured
from two perspectives. First, ecosystem assetsarsidered in terms @cosystem condition
and ecosystem extentSecond, ecosystem assets are considered in tefnexpected
ecosystem service flows general terms, the capacity of an ecosystesetds generate a
basket of ecosystem services can be understoodumetzon of the condition and the extent
of that ecosystem.

There will not be a neat or simple relationshipwesin these two perspectives. Rather the
relationship is likely to be non-linear and var@laver time. For example, if an ecosystem
asset such as a river basin, has a capacity taderavsignificant amount of water for human
consumption then it may be that increases in pdipualgup to a certain point) lead to no
change in ecosystem condition while ecosystem cesviwill rise. Also, there may be
dependencies between ecosystem assets such thiaeslén ecosystem condition in say
spawning grounds for salmon ultimately impact ortlides in ecosystem services from
fishing in other locations. More generally, a fafipreciation of the impact of human activity
on ecosystem assets may often not become appareierms of changes in ecosystem
condition for considerable periods of time.

Given this situation the standard asset accoumtindels which assume relatively direct links
between streams of economic benefits and the dondif the asset are insufficient and it is
important that both the ecosystem service flows tliedecosystem condition and extent are
assessed in tandem.

Fortunately, for the purposes of SEEA ExperimeriEabsystem Accounting, it is not
necessary to build complete ecosystem models ardure every possible stock and flow.
Rather, what is needed is to identify the mostviaié aspects of ecosystem assets from the
perspective of providing aggregated information foeasuring trends and comparing
ecosystem assets for policy and analytical purposes

With this in mind, the approach outlined here iwed (i) a decomposition of ecosystems into
relevant characteristics, and (ii) an assessmemaoh characteristic in the context of the
ecosystem as a whole. From this set of informatcamclusions may be drawn about the
overall condition of the ecosystem and its capattyleliver ecosystem services based on
expected patterns of ecosystem use. In additiang usformation on flows of ecosystem
services as described in Chapter 3, expected deosyservice flows based on expected
patterns of ecosystem use can also be estimatsdsg&ments of ecosystem degradation and
ecosystem enhancement can be made using informati@tosystem condition and extent,
and expected ecosystem service flows.

The challenge in applying this approach is to iderihe appropriate characteristics and then
to determine the relevant indicators. In particuiais important not to lose sight of the fact
that ecosystems function by all components workiogether and it is not necessarily a
simple case of adding together an assessment lofcbacacteristic.
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This chapter outlines ways in which this indireppebach to the assessment of ecosystem
assets may be carried out within an accountingiire. In Section 4.2 the main concepts
used in ecosystem asset accounting are definegledtion 4.3 the steps required to compile
information on ecosystem assets are describeddimgjudiscussion on the aggregation of
various indicators. The final two sections sumneascounting for two specific aspects of
ecosystem asset accounting — accounting for cafSaction 4.4) and accounting for
biodiversity (Section 4.5).

General approachesto assessing ecosystem assets

The assessment of ecosystem assets is considestdmpass measurement of three key
concepts: ecosystem condition, ecosystem extemt, expected ecosystem service flows.
These concepts were introduced in Chapter 2. Buson provides additional discussion of

the relevant concepts in combination with approactee measurement. There are strong
relationships between all three concepts but ferghrposes of exposition a distinction is

made between the measurement of ecosystem conditidnextent on the one hand and
expected ecosystem service flows on the other.

Assessing ecosystem condition and extent

Assessment of ecosystem extent generally focuséndrcover although the accounting will
be dependent on the definition of the spatial aresesl for accounting. In this regard it is
likely that the focus will be on determining aressl changes in areas of various LCEU (e.g.
forests, wetlands, etc). The measurement of ecasysktent will identify the location of an
ecosystem asset on the surface of the Earth ankb¢h@on in relation to other ecosystem
assets. These two aspects of measurement creatspdi@l foundations for ecosystem
accounting.

Measures of ecosystem condition are compiled in $temes. In the first stage, a set of
relevant key characteristics such as water, s@detation, biodiversity, carbon, nutrient

flows, etc are selected and various indicators eonog these characteristics are chosen. In
the second stage, the indicators are relatedefeeence condition.

The selection of characteristics and indicatorsukhde made on scientific basis such that
there is an overall assessment of the ongoingifumog and integrity of the ecosystem asset.
Thus, movements in the indicators should be resperis changes in the functioning and
integrity of the ecosystem as a whole. Generaltgra will not be a single indicator for

assessing a single characteristic.

The specific spatial location of an ecosystem agpsgticularly its relation to other ecosystem
assets, is an important consideration in identffyamd measuring inter-ecosystem flows and
hence understanding the condition of an ecosystaseta Inter-ecosystem spatial

characteristics, such as connectivity and landscapdiguration, are a type of ecosystem
characteristic.

It is noted that individual ecosystem characterssire not considered to be ecosystem assets
in their own right. In some cases, for example, i@ter resources and soil resources, it is
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possible to undertake distinct asset accountings Th described in the SEEA Central
Framework. However, this approach is different frohe spatial based accounting for
ecosystem assets that is described here.

Where there is a strong understanding of the vanwacesses operating within an ecosystem
it may be possible to identify specific indicatgesg. measures relating to a specific critical
species) that can represent the overall conditiaancecosystem asset. Such proxy measures
may be of particular use in providing indicators afange in ecosystem assets that are
suitable for high-level ecosystem accounting pugpos

There are a number of conceptual alternatives ablailto determine a reference condition.
One approach from the perspective of accountingp isneasure changes relative to the
condition at the beginning of the accounting periblus, when compiling accounts for any
given accounting period, the measure of changemdition should refer to the change from
the beginning of the period to the end. This refeeecondition is sufficient for accounting
purposes but is limited in providing an assessnwénthe relative condition of multiple
ecosystem assets since all are assumed to hawsaite condition at the beginning of the
period.

Alternatively, a reference condition of particulamportance for ecosystem accounting relates
to the degree or nature of human influence witmreeosystem. This may also be expressed
as a condition reflecting an ecosystem which isithetly undisturbed or undegraded by
humans, or should reflect a situation in which #m®system is in relative stability. For
example, long standing agricultural areas may besidered to be ecosystem assets that are
relatively stable and not degrading in terms ofirtlezosystem characteristics (e.g. soill
condition) and their capacity to provide a stalde/fof agricultural products.

A particular feature of using reference conditiemshat ecosystems that are naturally more
structurally diverse or species rich (e.g. tropi@hforests) are not necessarily assessed as
having higher condition compared to ecosystemsatenaturally less structurally diverse or
species rich (e.g. Arctic tundra).

One approach to applying a reference condition epindés to relate all of the relevant
indicators to the same point in time (usually bitisg the values of the indicators equal to
100 at that time. By using the same point in tiorerfultiple ecosystem assets, it is possible
to make assessments of the relative condition fiérdnt ecosystem assets. Within this
approach, one choice may be to select a pointie thefore significant patterns of recent
landscape change due to human activity were ineeciel Selecting more recent periods as
reference conditions would effectively treat equadtosystem assets that may range from
relatively natural to relatively human influenced.

While reference condition accounting leads to theording of ecosystem condition scores
between O and 100, these scores cannot be usedfeto whether the condition of the
ecosystem is good or bad. Ecosystem condition reagsbessed independently of the use of
an ecosystem bua, priori, any given level of condition is not necessariypd or bad.

In this context it is relevant to distinguish aemeince condition from what may be regarded as
a target condition. A target condition is one tlsatetermined as a function of economic,
environmental and social considerations and reflaat explicit or implicit preference for a
particular use of an ecosystem, and hence flowsadfcular ecosystem services. Ecosystem
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accounting does not involve the use of target ¢dondi. The use of a reference condition
therefore does not imply that all ecosystems shadkehlly, have a condition score of 100.
Rather a reference condition provides a compansont that can be scientifically assessed
over time.

Most focus in condition accounting is on changeadndition and extent over time rather

than the actual condition score. However, whileabeial ecosystem condition may not be a
key indicator in some circumstances, there mayrmevk thresholds in ecosystem condition

such that, where the condition of particular chisndstics falls below relevant thresholds, the
whole ecosystem may be in danger of collapse. @hbggh degrees of human influence, the
actual condition scores may be of particular reteea Measures of ecosystem condition may
thus allow for consideration of the resilience cbgystems.

Measures of changes in ecosystem condition andtextay also provide an indirect measure
of intra- and inter- ecosystem flows since charggedisruptions in these ecosystem flows, for
example due to changes in land use within an etarsyswill be reflected in measures of
ecosystem condition. Measures of ecosystem conditia extent should therefore take into
account relationships and dependencies betweegsteosassets.

It is noted that there may be some overlap betweeasures of ecosystem extent and
ecosystem condition in the sense that at certailesof analysis, changes in extent may also
be considered to be a part of measuring overahgdmin ecosystem condition. At the same
time, it is not considered that measures of chamgescosystem extent can be used as a
substitute for measuring changes in ecosystem tondi

Assessing expected ecosystem service flows

The second perspective on ecosystem assets foonsassessment of the capacity of an
ecosystem asset to generate an expected combirfatitrasket) of provisioning, regulating
and cultural services from an ecosystem asset.udecthe generation of some ecosystem
services involves the extraction and harvest obuess, and since ecosystems can
regenerate, it is necessary to form expectatiorth@amount of extraction and the amount of
regeneration that will take place, and on the diversstainability of human activity in the
ecosystem.

Moreover, expected ecosystem service flows are ritlgp# upon assumptions regarding
future use patterns. In general there will be diffiees between current use patterns (e.g.
where a fishery may be “over-fished”) or alternativse patterns (e.g. fishing at a sustainable
yield).

For accounting purposes a specific basket of etersyservices based on current patterns of
use must be considered. At the same time, the $eamework can be used to organise
information for various scenarios and alternataed uses. In this context it is also possible
to develop scenarios of ecosystem asset use tpétrise” the flow of ecosystem services
from a given ecosystem asset. While the developmieoptimised scenarios is not the main
purpose of ecosystem accounting in the SEEA ihigrgoortant analytical application.

There are generally relationships between the tiondof an ecosystem asset, its pattern of
use, and the expected basket of ecosystem ser¥ieas.while ecosystem condition may be
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assessed without considering measures of ecosg&emces, the measurement of ecosystem
assets in terms of their capacity to generate steisyservices must involve assessment of
ecosystem condition.

It is not necessarily the case that ecosystems gititively lower condition will generate
fewer ecosystem services. However, there is likelybe a close relationship between
reductions in condition on the one hand, and theaciéy of an ecosystem to generate
ecosystem services sustainably on the other. Atdahee time, a change in condition may lead
to a decrease in the capacity to supply some Mt an increase for other services.

It is through the lens of ecosystem services thiatpossible to make the connection between
ecosystem condition and extent, the benefits obtaiand broader measures of economic and
human activity. Thus measurement of expected etarsyservice flows is important in the
consideration of trade-offs between ecosystem aesviand, more broadly, between
alternative land uses. Because of the general framkein which ecosystem services sit (see
Figure 2.3) this expected flow perspective on theasorement of ecosystem assets can be
combined with a broader assessment of both ecosystevices and abiotic services that may
be generated from a given area.

Assessing changesin ecosystem assets

An important accounting objective is the measurdan@nchanges in ecosystem assets,
particularly ecosystem degradation and ecosystdrareement. These are complex concepts
since ecosystem assets may change for a variegasbns both natural and human induced
and the different perspectives on the measurenfestasystem assets open up a number of
considerations.

Ecosystem degradation and ecosystem conversions

In general terms, ecosystem degradation is theinde¢h an ecosystem asset over an
accounting period. Generally, ecosystem degradatith be reflected in declines in
ecosystem condition and/or declines in expectedsystem service flows. Changes in
ecosystem extent are relevant where they are libkedeclines in ecosystem condition or
expected ecosystem service flows. Since there nmyalways be a linear relationship
between the condition of an ecosystem and the egbdtows of ecosystem services, the
measurement of degradation should involve theotig two conditions:

(i) That ecosystem degradation covers only declinesalaeonomic and other human
activity - thereby excluding declines due to ndturdluences and events (e.g.
forest fires or hurricane¥)

(i) That declines in expected ecosystem service floweratihere is no associated
reduction in ecosystem condition should not be icemed ecosystem degradation
(e.g. whereceteris paribus provisioning services from forests decline beeaofs

% Declines due to natural events are recorded isystem asset accounts but are not considered afpart
ecosystem degradation.
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reduced logging due to decreases in expected optpeas, or declines in cultural
services due to a rise in national park entry fees)

This approach to conceptualising ecosystem dedoadit particularly relevant in situations
where the extent of an ecosystem asset does nogelaver an accounting period, or more
specifically in the case of ecosystem assets d&flme EAU (whose area will generally
remain stable), when the composition of an EAlemmis of areas of different LCEU does not
change. However, where the extent or compositionaonf ecosystem asset changes
significantly or irreversibly (e.g. due to deforstn to create agricultural land) the
consequences for the definition of ecosystem degjiad are less clear and will relate to the
scale and complexity of analysis being consideféese types of changes are referred to as
ecosystem conversions.

From one perspective, the use of an area of landrfcalternative purpose may result in a
decrease or an increase in expected ecosystemesefldws from that area. If it is the former
then an argument may be made to call this decreas®ystem degradation. However, since
the general effect of ecosystem conversions igHere to be increases in some ecosystem
services and declines in others, the comparisoaxpkcted ecosystem service flows will
require assessment of two different baskets ofystes services. It is further complicated by
the changes in inter-ecosystem flows that aris¢hasadjacent ecosystem assets may no
longer receive or provide the same bundle of fléresn/to the converted ecosystem asset.
Adjacent ecosystem assets may thus also becomadaeyr

Another perspective in cases of ecosystem convessi® to focus only on changes in
ecosystem condition in the area within the ecosysisset that has been converted, e.g. the
part of the forest that has been converted to alimi@l land. Under this approach, it may be
considered that ecosystem degradation occurs whemaevecosystem conversion results in a
lowering of ecosystem condition relative to a refere condition within the converted area.
Then, irrespective of the impact of a conversionegpected ecosystem service flows from
the ecosystem asset as a whole, it may be relévaatord ecosystem degradation to reflect
an overall decline in condition due to human attivi

A third perspective on ecosystem degradation facuse the more general question of
whether the change in the extent and conditiomoé@system is so significant that it is not
possible for the ecosystem to be returned to sdngetkin to a previous condition — i.e. the
change is irreversible. This approach is not fod#dwin SEEA Experimental Ecosystem
Accounting as it does not fit well within a modedded on assessment of change over
successive accounting periods. Thus, recordingysters degradation only at the time where
it was known that the situation was irreversibleulddack the transparent, ongoing recording
of change in ecosystem assets that is one goabsystem accounting.

It is noted that ecosystem degradation is congileréhe SEEA as a distinct concept from
depletion of natural resources. Depletion is defimethe SEEA Central Framework as “the
decrease in the quantity of the stock of a naesburce over an accounting period that is
due to the extraction of the natural resource mnemic units occurring at a level greater
than that of regeneration”. The distinction between these two concepts is tregiietion

37 SEEA Central Framework 5.76. See also SEEA CeFRta@hework Section 5.4.2 for a longer discussion on
defining depletion including the links to ecosystdegradation.
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relates to the decline in a specific resource widlesystem degradation relates to the declines
of a system that encompasses a range of diffeesources and various processes. In many
cases depletion of resources such as timber resoara fish stocks should correlate strongly

with measures of ecosystem degradation for theystes assets from which the resources

are extracted. However, because ecosystem degradakies into account a broader range of

characteristics the two concepts should not betequa

Overall, while there is a general recognition thebsystem degradation reflects a decline in
an ecosystem asset, the precise application ottinisept may vary depending on the nature
of the change in the ecosystem asset and on thHe eteaanalysis. The suggestion for
accounting purposes is to endeavour to record fathe various reasons for changes in
ecosystem assets and, where possible, separatgeshianecosystem extent from changes in
ecosystem condition. It is noted that changes jpeeted ecosystem service flows are likely to
reflect both changes in extent and condition bufedintiating these effects may be
challenging.

Ecosystem enhancement and other changes in eaqosyssets

Ecosystem enhancement is the increase in an eeosysset that is due to economic and
other human activity. Ecosystem enhancement reflia results of activities to restore or

remediate an ecosystem asset beyond activitiesrtimatsimply maintain an ecosystem asset.
As for ecosystem degradation, different measurerpemspectives may be considered for
ecosystem enhancement that focus on changes irctedpecosystem service flows in

combination with changes in ecosystem conditionextdnt. Again, ecosystem enhancement
associated with the conversion of ecosystems terrative uses, requires specific

consideration.

Increases and declines in ecosystem assets thatoaréue to economic or other human
activity should be recorded as other changes isystem assets. Changes due to natural
regeneration and normal natural loss should incatpdnter-ecosystem flows (both into and
out of the ecosystem) and implicitly should reflée ongoing intra-ecosystem flows since it
is these flows which underpin the regeneration ggscFor some purposes it may be useful to
explicitly account for certain inter-ecosystem flowo highlight dependencies between
ecosystem assets (e.g. flows of water between stmwsyg). It may be the case that reductions
in inter-ecosystem flows reduce the capacity tcegaie some ecosystem services.

Other considerations in the measurement of chaimgesosystem assets

A particular feature of ecosystem assets is they ttave the potential to regenerate, noting
the existence of thresholds and irreversibilitiegl @arying time horizons. The potential to

regenerate means that they may provide the sansgstem services over an indefinite length
of time. Consequently, it is possible over the Idegn for an ecosystem asset to have no
ecosystem degradation — i.e. the expected flow givean basket of ecosystem services is
unending.

Measurement of the degree of ecosystem regenesdtarid take into account normal annual
variation in the generation of ecosystem servifisexample due to wetter or drier years. It
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is noted that from an accounting perspective, eWethe intended management of an

ecosystem is such that there are ongoing flows given level of ecosystem services (e.g.
through the sustainable management of fisherieshauld not be assumed that the actual
flow of services is equal to the intended leves@ivices.

In practice, consistent with the measurement of dbapletion of biological resources as
defined in the SEEA Central Framework, it is neagsgo account for both reductions in
expected ecosystem service flows due to humanitgctfinost commonly through the
extraction and harvest of biological resources) #mel increases in expected ecosystem
service flows (not necessarily of the same seryicksge to natural regeneration of the
ecosystem. To the extent that the reductions aatgr than the increases then ecosystem
degradation should be recorded.

For a single ecosystem asset, if, over an accayrgeriod, the increases due to natural
regeneration are greater than the reductions duéutman activity, then ecosystem
degradation should be zero and the extra regeaeratiould be shown as an addition to
ecosystem assets.

Linksto standard asset accounting

The starting point for the approach in SEEA Expental Ecosystem Accounting is the
standard asset accounting model used to accounprémtuced assets in the SNA and as
applied to the measurement of individual environtaerassets in the SEEA Central
Framework.

The standard asset accounting model focuses amgke sisset (most commonly a produced
asset) and estimates an expected flow of benéfitems of capital services) that accrue to
the user/owner of the asset over a given peridangf (the asset life). The pattern of expected
flows provides the basis for valuing the assetemeining flows of income and depreciation

and assessing the way in which the asset contsboteroduction.

This standard model provides a strong startingtdomecosystem asset accounting but there
are some fundamental differences in the naturea$ystem assets that require extensions to
the standard model to be introduced. There arelfeyidistinctions between ecosystem assets
and produced assets.

First, ecosystem assets have the potential to eegnwithout human involvement. Produced
assets must be created (produced) new each time.

Second, a single ecosystem asset may generataydrgskets of ecosystem services over a
series of accounting periods. For produced asegts) if a single produced asset may be
considered to generate multiple capital servidds,assumed that it generates the same set of
capital services over its life even if the usertlo asset changes and the asset is used in
different industries. Thus a computer continueprimvide computer services whoever uses
the computer.

Third, the ecosystem services from an ecosysteet asay be used by a range of different
users (enterprises, households, etc). In conttestapital services from a produced asset are
used only by the economic owner of the asset. Blpicthe capital services are simply an
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input into a production function internal to an emprise that ultimately leads to the
production of products. While the products may bastimed by multiple users, the capital
services are consumed only by the enterprise.itself

Fourth, there is not a one-to-one relationship betwthe capacity of an ecosystem asset to
generate ecosystem services and the actual usmsystem services in economic and other
human activity. For produced assets their capdoityenerate capital services is either fully

used or assumed to be at a relatively stable lefvelse relative to capacity. Permanently

underused produced assets are assumed not to lbeocoaver a business cycle whereas for

ecosystem assets such situations can easily arise.

These four distinctions require the standard aasebunting model to be adapted for the
purposes of accounting for ecosystem assets. Thdaptations highlight some, often
implicit, assumptions that are made in standardtas=counting that should not be made in an
ecosystem asset accounting context.

Compiling ecosystem asset accounts
Introduction

Ecosystem asset accounts are intended to orgaoisenanetary information regarding the
extent and condition of ecosystems, and expectedystem service flows. The number of
related concepts requires that a large amountfofriration be integrated and the suggestions
made in this section for accounting tables areniite to provide a starting point for
experimentation in compilation rather than provigaefinitive methodological guidance. All
of these ecosystem asset tables are designed ¢oagibroad sense of the potential of
ecosystem accounting to organise information aceosange of areas and from multiple
perspectives.

An important observation is that these tables tandbprovide rows or columns related to
aggregate measures of ecosystem assets. Definisgstem asset aggregates is problematic
due to the need to define relationships betweenahieus characteristics. This is discussed in
Section 4.3.4. As a matter of compilation practiée recommended that focus be placed first
on the description and measurement of the releshatacteristics before consideration of
aggregation.

From the statistical units model outlined in Chaf@ethe ecosystem accounting unit (EAU)

is the most applicable unit for the measurementeajsystem assets since it should be
relatively stable in area over time. However, fog brganisation of relevant information, it is

likely to be most logical to measure and organigermation on the basis of LCEU since the

type of characteristics of interest and types afsgstem service flow are likely to vary most

significantly by type of LCEU.

Accounting tables for ecosystem assets

When compiling ecosystem asset accounts at a adtievel, i.e. across multiple EAU and
various types of LCEU, it is likely to be most udefo develop a common set of data and
indicators for particular ecosystem characteristicslifferent types of LCEU. Further, it is
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likely to become apparent that there are some ctaistics of ecosystems, notably soil,
biomass and water, that are common and essentillénosystems.

456 Given the spatial diversity and heterogeneity afsgstems, ecosystem asset accounts will
generally need to be developed in a GIS contexhodiigh the specific datasets will need to
be determined on a country basis, there are a nuofblkasic resource accounts that are
fundamental to ecosystem accounting and will tyyicgeed to be developed in each country.
These include among others: (i) land accountsgéifpon accounts; (iii) water accounts; (iv)
soil and nutrient accounts; (v) forest accounts} @) biodiversity accounts. A number of
these accounts are described in the SEEA Centeléwork.

Accounts for assessing ecosystem extent

457 To commence the process of assessing ecosysterts asasseful starting point is the
organisation of information concerning ecosystetemtx Of particular interest in this regard
are land cover accounts as described in the SEE&&éramework. As an indication of the
type of accounting that is possible, Table 4.1 shdle physical account for land cover
presented in the SEEA Central Framework Chaptéiablé 5.6.3). It shows the opening and
closing stock of land in hectares for a varietyclafsses of land cover and various entries for
additions and reductions in the area of each lamgerctype. For ecosystem accounting
purposes, the definition of the categories of lansler should align with the definition of
types of LCEU which, as discussed in Chapter 2, g into account factors other than
purely land cover. Nonetheless the general guidaffeeed in the SEEA Central Framework
provides a starting point for compilers in thisare

Table4.1 Physical account for land cover (hectares}

Artificial ~ Crops  Grassland ~ Tree Mangroves  Shrub Regularly Sparse Terrestrial Permanent Coastal water
surfaces covered covered flooded natural ~ barren snow, glaciers and inter-tidal

area area  areas vegetated land and inland areas
areas water bodies

Opening stock of resources 122925 445431.0 106180.5 338514.0 2145 7664 735 1966.5 129495 193515
Additionsto stock

Managed expansion 1845 93555

Natural expansion 64.5 15

Upwards reappraisals 45 181.5

Total additions to stock 1845 93555 69.0 581. 15
Reductionsin stock

Managed regression 4704.0 31185 9.0 1560.0 15

Natural regression 15 64.5

Downwards reappraisals 45

Total reductions in stock 47040 31185 105 1629.0 15
Closing stock 12 477.0 454786.5 1015455 335577.0 204.0 46458 72,0 1966.5 12 949.5 19 353.0

Note: Crops includes herbaceous crops, woody ceomsmultiple or layered crops.

458 Many countries have a variety of land cover andteel statistics and this information set is
becoming more developed as remote sensing technadogicreasingly applied in these
contexts. It is recognised that ongoing internati@ollaboration on the development of land
accounts for the purposes of ecosystem accountiiigbe an important part of the
development of the SEEA more generally.

38 SEEA Central Framework Table 5.6.3
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A potential area of extension concerns the compitadf land cover change accounts. These
accounts reconcile estimates of the area of cddathcover types between the beginning and
end of an accounting period. The change betweed tawver types can be organised to
highlight particular sources of change and ecoaystenversion such as deforestation, urban
expansion, etc. Such accounts may be of significzet in the derivation of measures of
ecosystem degradation where the cause of the eeasyhange is of particular relevance. A
land cover change account builds on the informatmmtained in a land cover change matrix
(as shown in SEEA Central Framework Table 5.6.4jcwindicates only the changes in land
cover over time rather than considering the hunmehreatural causes of the change.

Accounts for assessing ecosystem condition

Depending on the characteristics of interest, assest of ecosystem condition may benefit
substantially from the development of basic reseuaccounts for individual ecosystem
characteristics that can be directly measured gatuély. Basic resource accounts contain
information on opening and closing stocks and ckarig stocks for specific characteristics
such as water resources, timber resources, cartabbiadiversity.

The accounting structure for basic resource acsosimbuld be based on the asset accounts
presented in Chapter 5 of the SEEA Central Framewbhe SEEA Central Framework
describes specific asset accounts for water ressutimber resources and a range of other
individual environmental assets. Section 4.4 arklid.this chapter present basic resource
accounts for carbon and biodiversity (focusing ocoanting for species).

Table 4.2 presents the physical asset account &erwesources as described in the SEEA
Central Framework. It is structured to show operang closing stocks of water resources
and the additions and reductions in water resouoses an accounting period. As noted,

similarly structured accounts can be compiled ftineo resource types. For ecosystem
accounting purposes, an important extension offiset account structure is to record inter-
ecosystem flows. These entries would require thveldpment of resource accounts that are
spatially specific — i.e. relating to a particulahU or LCEU.
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Table 4.2 Physical asset account for water resour ces (cubic metres§

Type of water resource Total
Surface water GroundwaterSoil water
Artificial Lakes Rivers andGlaciers, sno\
reservoirs streams and ice
Opening stock of water resources 1500 2700 5000 100 000 500 109 700
Additionsto stock
Returns 300 53 315 669
Precipitation 124 246 50 23015 23435
Inflows from other territories 17 650 17 650
Inflows from other inland water resources 1 054 339 2 487 437 0 4 317
Discoveries of water in aquifers
Total additions to stock 1478 585 20 240 752 23015 46071
Reductionsin stock
Abstraction 280 20 141 476 50 967

for hydro power generation
for cooling water

Evaporation & actual evapotranspiration 80 215 54 21125 21474
Outflows to other territores 9430 9430
Outflows to the sea 10 000 10 000
Outflows to other inland water resources 1 000 100 1343 87 1787 4 317
Total reductions in stock 1 360 335 20 968 563 22962 46188
Closing stock of water resources 1618 2950 4272 100 189 553 109 583
4.63 Note that basic resource accounts do not providiecat assessment of ecosystem condition.

4.64

4.65

Rather, following an accounting approach, they omigminformation that is directly relevant
to the assessment of various ecosystem characte@std, as shown below, this information
can be combined to provide a basis for an ovesaltgsment of an ecosystem asset.

While they do not provide a direct assessmeng, tiié case that tracking stocks and flows of
carbon and water across different spatial areapande significant insights into changes in

ecosystem assets, particularly in terms of progdinbroad assessment of change. This
reflects the significance of carbon and water witlécosystem processes. Thus, the
compilation of basic resource accounts, in the exdnof the general framework described

here, may provide a useful starting point for cderpi This possible starting point is also

supported by the generally good availability ofadaind the presence of guidelines and
standards for the compilation of statistics ancaats (e.g. SEEA Water).

In part using data from basic resource accountbleT4.3 provides a broad structure for
organising information on ecosystem extent and itimmdfor a given ecosystem asset. In this
case the ecosystem asset is an EAU assessed gtcalapoint in time — the end of the
accounting period. Starting at the level of an EAlis relevant to assess separately the
different types of LCEU. The characteristics theg shown are purely illustrative and will
apply to the assessment of condition in differgmes of LCEU to varying degrees. It is
recognised, for example, that there may be oveli@pseen the characteristics of vegetation
and biodiversity, but in a systems context suchrlape are inevitable and hence there must
be detailed consideration of the relevant bio-ptglsirelationships in the selection of
characteristics.

3% SEEA Central Framework Table 5.11.2
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Table 4.3 Measures of ecosystem condition and extent at end of accounting period

Ecosystem Characteristics of ecosystem condition

extent Vegetation Biodiversity Soil Water Carbon

Area Indicators Indicators Indicators (e.g. Indicators Indicators
(e.g. Leaf areg (e.g. speciesg soil  organic| (e.g. river| (e.g. net
index, richness, matter content) flow, water| carbon
biomass, relative soil  carbon,| quality, fish| balance,
mean annual abundance) | groundwater | species) primary
increment) table) productivity)

Type of LCEU

Forests

Agricultural land

Urban areas

Inland water bodies

4.66
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For each characteristic there are likely to beralmer of relevant indicators. For example, for
water it may relate to pollutant content, numbed ativersity of fish species and the
variability of river flows. Some indicators, for @xple river flows, may emerge from the
basic resource accounts described above.

In some cases it may be possible to use some todid@ cover a range of characteristics. Of
particular interest in this regard is the measurgroéstocks and flows of carbon contained in
biomass and soil which may be a powerful, broadcatdr for assessing changes in
ecosystem condition. Basic resource accounts fobooafollow the structure of asset
accounts of the SEEA Central Framework. Section dedcribes the key aspects of
accounting for carbon.

The selection of characteristics and associateitatuts for the measurement of ecosystem
condition should reflect scientifically valid meass. Consequently, to ensure the robustness
of the information set it is important that theestion of characteristics and indicators be
subject to a scientific accreditation process tbem set measurement standdfdSuch
measurement standards are required in order toestisel integrity of the accounting system.
There are a range of relevant considerations iregittablishment of scientific accreditation
processes and the selection of characteristicénainchtors. These are discussed in an annex.

Each of the indicators included in a table suchrlable 4.2 are likely to be recorded in
different measurement units. Consequently, the datign of aggregates is not possible
without the use of a common measurement unit oghtiig procedure. Issues related to
aggregation are considered in Section 4.3.4

Accounting for changes in ecosystem condition

Building on Table 4.3, which shows indicators obggstem condition at a point in time, it
may be instructive to compile accounts that shoavdianges in ecosystem condition over an
accounting period. Following the broad structuréhef asset accounts presented in the SEEA

0 When accounting in monetary terms, the standaitdafimneasure is the currency of the country. The af
this measurement unit ensures a consistency anererade through the reporting across different e
(sales, profits, wages, etc). Such standard uiteeasure do not exist across the various physiedsures
hence the requirement for an accreditation of nreasent.
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Central Framework, Table 4.4 shows a possible assetunt for ecosystem condition for a
single EAU. It is assumed that there are no chaimgestent for any of the constituent LCEU.
As for Table 4.3, the indicators used in Table @éd likely to be in different measurement
units.

Determining the estimates of the causes for théwsarimprovements and reductions in
condition may be difficult. Consequently, it may b&eful to focus solely on net changes in
condition over an accounting period perhaps makiistinctions between relatively small,
medium and large net changes. This informationinfdividual indicators, may be effectively
presented in maps with colouring coding relaterktative size of the changes.

Table 4.4 Changesin ecosystem condition for an EAU

Characteristics of ecosystem condition

Vegetation Biodiversity Soil Water Carbon
Indicators Indicators Indicators Indicators | Indicators
(e.g. Leaf ared (e.g. species (e.g. soil| (e.g. river| (e.g. net
index, richness, organic matten flow, carbon
biomass, relative content, soil| water balance,
mean annual abundance) carbon, quality, primary
increment) groundwater | fish productivity)
table) species)

Opening condition

Improvementsin condition

Improvements due to natura
regeneration (net of normal
natural losses

Improvements due to human
activity

Reductionsin condition

Reductions due to extractig
and harvest of resources

=]

Reductions due to ongoing
human activity

Catastrophic losses due fo
human activity

Catastrophic losses due fo
natural events

Closing condition

4.72

Accounting tables for expected ecosystem sendessfl

The final topic is the measurement of expectedystem service flows. Table 4.5 provides a
table for recording estimates of expected ecosystemice flows at a point in time for a

single EAU. The measurement units are discussenivbé@llo aggregation is presumed and
additional rows are required for each ecosysteniceunder consideration.
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Table 4.5 Expected ecosystem service flows at end of accounting period

Expected ecosystem service flows per year by LCEU

Forests Agricultural land Inland water bodigs

Type of ecosystem services (by

CICES)

Provisioning services

Regulating services

Cultural services

4.73

4.74

4.75

4.76

4.77

4.78

4.79

A key issue on recording entries in this tablehst it is likely to be most useful to compile
entries in terms of expected flows of ecosystenvises per year rather than in terms of
absolute quantities.

In making the estimates of expected flows somenaiwe should be made for normal year to
year variation in flows of ecosystem services foamaple due to drier or wetter years. The
range of factors taken into account in the deteation of “normal” may vary from
ecosystem to ecosystem and over time.

The estimates in Table 4.5 rely on measures ofysterm services and the formation of
associated expectations. In turn, estimates of aapens require an understanding of the
current mix of ecosystem services and an undernstgndf the impacts of changes in

condition and extent on the ability to provide th@rosystem services in the future in the
context of the expected patterns of use and cureeosystem structure. Section 2.4.2
provided some general comments in relation toisisise.

In addition to these general comments, the follgwimore specific comments in relation to
particular ecosystem services are relevant noliagthe type of indicators required to reflect
the capacity of the ecosystem to supply ecosystemices as a function of ecosystem
condition and extent may differ strongly for praeising, regulating and cultural services.

For provisioning services, indicators need to rtfleoth the available stock that can be
harvested of the service in question, for instaheestanding stock of timber in an ecosystem,
and the regeneration or growth rate for these stfdk instance the mean annual increment
of timber). In turn, the regeneration or growtterst dependent on the overall condition of the
ecosystem. For instance, forests that are affdstesbil degradation are likely to have a lower
regeneration rate.

However, establishing the specific link betweereregation and overall ecosystem condition
is not straightforward, a range of different valtsband complex ecosystem processes are
generally involved. Since these factors differ witsological and climatic conditions,
countries will need to establish the relationstepAzen ecosystem condition and extent, and
the capacity to supply ecosystem services for tbesystems in their countries. Such
assessments will normally require the involvemdmholtidisciplinary expertise, for instance
specific knowledge of forestry and forest ecologytlhe case of determining capacity to
supply timber over time.

Regulating services are related to ecosystem pesesnd there is no harvest or extraction
involved. Often, regulating services can be linkedpecific ecosystem characteristics, even
though the sustained supply of services (as irc#se of provisioning services) depends on
the functioning of the ecosystem as a whole. Fstaince, air filtration involves the capture of
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air pollutants by vegetation, and the capacityhef €cosystem to trap air pollutants may be
related to its Leaf Area Index, i.e. the total audf area of leaves, expressed ?rpm hectare
(noting that other factors may also be relevanteddmg on the characteristics of the
ecosystem asset). The Leaf Area Index is influermedegradation or rehabilitation of the
ecosystem (e.g. changes in species compositiom arown cover), but is not necessarily
related to the condition of the vegetation.

Typically the relationship between ecosystem asapts ecosystem services for regulating
services often has a spatial aspect. For insténeecosystem service air filtration only arises
when there are people living in the area whereaality is improved. Likewise, the service
flood protection (e.g. by a coral reef or mangrémest) only arises if there are people living
nearby, or there is infrastructure in the zonaskt from flooding. An exception in this case is
carbon sequestration, since the impact of onedfirdarbon sequestered on the global climate
is the same regardless wherever the sequestraken place.

Regulating services will generally have a high igppatariability. For instance both marine

flood risk and the mitigation of flood risk by agbective ecosystem vary as a function of
local topography and distance from the sea. Theéas@spect of regulating services means
that the generation of regulation services is besasured in a GIS context. In a GIS, the
processes and/or components of the ecosystemuppbrs the supply of regulating services
need to be recorded, as well as the relevant fesmtaf the physical or socio-economic
environment in which the service is generated. Téguired resolution depends on the
specific ecosystem service.

Changes in the condition and extent of the ecosyst@y or may not lead to changes in the
capacity to supply regulating services, dependimgvhich specific ecosystem components or
processes are affected. For instance, extinctioa kHre, endemic species in a forest may
affect cultural services but, unless this specias important for ecosystem functioning (e.g.
a non-substitutable pollinator of specific tree deg), it would not affect the air filtration
(LAI) or the flood protection service provided.

Cultural services are highly varied in terms of tilpe of services generated and the link
between the services and the ecosystem assetseaftecal services are related to the
attractiveness of an area, which is a functionoofifistance landscape, vegetation, wildlife,
visitor facilities, presence of walking trails, efthe actual number of people that visit an area
is a function of both its attractiveness and theaaed for recreation (which in turn is related
to for example population density, income levelg] perhaps to the availability of alternative
tourism destinations). Degradation of an ecosysteminvestments in restoration of an
ecosystem (reforestation, construction of walkiragid, etc.) is reflected in the attractiveness,
but not necessarily in the level of actual sergicavided (i.e. the actual number of visitors).

Aggregation in ecosystem asset accounting

The aggregation of indicators in the context ofsystem asset accounting is focused on
aggregate measures of ecosystem condition and tegpecosystem service flows. Measures
of ecosystem extent are all described in a comnmitnofi area, generally hectares, and hence
the aggregation of extent measures is not complex.
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The approaches to the aggregation of expected sewsyservice flows are analogous to the
aggregation of ecosystem service flows in a siaglunting period as discussed in Chapter
3. The primary difference is that different weiglgtipatterns between ecosystem services may
be relevant to account for a changing relative irtgrece of ecosystem services over time that
may be incorporated into the estimates of expestedce flows, but which is not relevant in
the case of a single accounting period. This difiee applies even where the expected
ecosystem service flows are expressed in termate$ per year.

The approaches to the aggregation of ecosystenitmondre somewhat different. Depending
on the number of indicators it may be possiblegplyaa technique suggested for ecosystem
services involving the conversion of the indicattrsa common “currency”, for example in
terms of hectares or units of carbon. As the nuroberdicators increases this approach may
be less tractable.

Another approach may be to relate all indicatoreaafsystem condition for a given reference
condition to a particular point in time. This isrpaf the second stage in the measurement of
ecosystem condition as described earlier in thigptdr. While it is possible to use the
beginning of the accounting period as a referemelition, for the majority of ecosystem
assets, science uses a pre-industrial benchmasdettdhe reference condition. Relevant
examples include the measures of water qualithénBuropean Water Framework Directive
and measures of threatened species in the assessrspacies biodiversity.

Following selection of the time of the referencendition, estimates are needed for each
indicator for each characteristic at that pointtime. When necessary, the values of the
indicators at the reference condition may be ddtexdhthrough use of reference sites or
through the use of models of biophysical conditibhen all observations in the reference
period are set equal to 100 and current period itondscore can be determined based on
changes in the indicator.

In theory, provided the selection of characterssand indicators is scientifically robust and
the same reference condition is used for all indisa an overall assessment of ecosystem
condition can be made by considering the actuatlitiom scores for the various indicators.
While there is a clear logic behind the use of riéference condition approach to aggregate
within and across ecosystems, the approach reqigstisg at this scale as it is generally
applied for multiple indicators relating to parti@u characteristics (e.g. biodiversity) rather
than across multiple characteristics.

Overall, some aggregation possibilities are avigldabat are conceptually appropriate and
aligned with the general accounting framework. Hasvefurther research and development
is required in the area of aggregation of ecosysisset related measures in physical terms.
Aggregation for ecosystem accounting in monetamysds discussed in Chapters 5 and 6.

Accounting for carbon

Introduction

In the context of accounting for the condition obgystem assets, carbon was identified as an
important characteristic for which a basic resouaceount could be compiled (see Section
4.3). Such an account would provide indicators afsgstem condition such as net carbon

91



4.92

4.93

4.94

balance and primary productivity. Carbon accour#s elso provide information on the
ecosystem services of carbon sequestration anstaha@ge of carbon. This section discusses
the possible structure of a basic resource acdoucarbon.

Given carbon’s central place in ecosystem and o#rerronmental processes and its
importance to economic and other human activitgpanting for carbon may also assist in
providing information for input to a wide range ahalytical and policy situations. For
example, carbon stock accounts can complement xisting flow inventories developed

under the UNFCCC (UN Framework Convention for Cliena&Change) and the Kyoto

Protocol. The carbon stock accounts presenteddisoealign with the accounting approach
of REDD (Reducing Emissions from Deforestation Bregiradation).

Carbon stock accounts can provide consistent amgbarable information for policies aimed
at, for example, protecting and restoring natucalkgstems, i.e. maintaining carbon stocks in
the biosphere. Combined with measures of carboryingrcapacity" and land use history,
biosphere carbon stock accounts can be used to:

* investigate the depletion of carbon stocks duedioverting natural ecosystems to
other land uses;

« prioritise land for restoration of biological carbastocks through reforestation,
afforestation, revegetation, restoration or imptbdand management with their
differing trade-offs against food, fibre and woadguction, and,;

« identify land uses that result in temporary cart®moval and storage.

The extensive role of carbon in the environment tredeconomy requires a comprehensive
approach to measurement. Accounting for carbon thesefore consider stocks and changes
in stocks of carbon from the perspectives of thesphere, the biosphere, the atmosphere,
oceans and the economy. Figure 4.1 below predemthnéin elements of the carbon cycle. It
is these stocks and flows that give the underlgimgtext for carbon accounting. Of particular
relevance is that there are qualitative differenbbesveen the different stores of carbon.
Carbon accounting and ecosystem accounting morerggnmust take these differences into
account.

“1 The mass of biocarbon able to be stored in theystem under prevailing environmental conditiond an
disturbance regimes, but excluding human disturbg@upta and Rao 1994).
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(e.g. from mining, , dissolving
limestone) and natural emission

Figure4.1. The main elements of the carbon cycle
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Applying the SEEA accounting principles of compieies and consistency and the SEEA
Central Framework’s approach to accounting fordali flows, carbon stock accounts record
the stock changes from human activities at anytpong the chain: from their origin in the
geosphere and biosphere to changes in the varighsopogenic stocks (e.g. inventories of
oil in storage; concrete in fixed assets; wood pladtic in consumer durables; solid waste —
i.e. residuals that remain in the economy in cdietridand fill sites; imports and exports) and
as residuals to the environment, including emissiém the atmosphere. Carbon stock
accounts can assist in informing of the implicasionh policy interventions at any point along
the carbon cycle.

A structure for a carbon stock account is preseietable 4.6. It provides a complete and

ecologically grounded articulation of carbon acdmm based on the carbon cycle and in

particular the differences in the nature of patticicarbon reservoirs. Opening and closing
stocks of carbon are recorded with the various ghametween the beginning and end of the
accounting period recorded as either additionkéastock or reductions in the stock.
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Table 4.5 Carbon stock account

Gigagrams carbon (GgC) Geocarbon Biocarbon Atmosphere |Water in Oceans Accumulation in economy TOTAL

Lime | .. Terrestrial | Aquatic Marine Inventories | Fixed |Consumer
Oil | Gas|Coal | Other .
stone ecosystems | ecosystems Jecosystems assets |durables Waste

Opening stock

Additions to stock

Natural expansion

Managed
expansion

Discoveries

Upwards
reappraisals

Reclassifications

Total additions to
stock

Reductions in stock

Natural contraction

Managed
contraction
Downwards
reappraisals

Reclassifications

Total reductions in stock

Imports and exports

Imports

Exports

Closing stock

*Excludes inventories included in biocarbon (e.g. plantation forests, orchards, livestock, etc)
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Carbon stocks are disaggregated to geocarbon (catbred in the geosphere) and biocarbon
(carbon stored in the biosphere, in living and deminass and soils). Geocarbon is further
disaggregated into: oil, gas, and coal resouraesi{ffuels); rocks (primarily limestone); and

minerals (e.g. carbonate rocks used in cement ptiot) methane clathrates and marine
sediments). Biocarbon is classified by type of gstmn. At the highest level these are
terrestrial, aquatic and marine ecosystems, arstthee shown in Table 4.6.

The different reservoirs of carbon in the geosplearé biosphere differ in important ways,
namely in the amount and stability of their carlstocks, their capacity to be restored and the
time required to do so. Different reservoirs therefhave different degrees of effect on
atmospheric C®levels (Prentice et al. 2007). Carbon stocks andghosphere are generally
stable in the absence of human activity; howeveckstieclines as a result of anthropogenic
fossil fuel emissions are effectively irreversible.

The stability of the carbon stocks in the biosphdepends significantly on ecosystem
characteristics. In natural ecosystems, biodiversitderpins the stability of carbon stocks by
bestowing resilience and the capacity to adapt selfiregenerate (Secretariat of the
Convention on Biological Diversity 2009). Stabilitgpnfers longevity and hence the capacity
for natural ecosystems to accumulate large amaifrtarbon over centuries to millennia, for
example in the woody stems of old trees and in. &eimi-modified and highly modified
ecosystems are generally less resilient and lesslesf{Thompson et al. 2009). These
ecosystems therefore accumulate smaller carboksstparticularly if the land is used for
agriculture where the plants are harvested or grezgularly.

Structuring the carbon stock accounts to captuesehqualitative differences between
reservoirs is important because reservoirs witfedifit qualities play different roles in the

global carbon cycle. For given rates of fossil faglissions, it is the total amount of carbon
and the time it is stored in the biosphere thdtérfces the stock of carbon in the atmosphere.

A key aspect for carbon accounting is to understidneddegree of human influence over
particular ecosystems. In this it may be desirdbleecognise varying degrees of human
modification of the ecosystem and potentially idiroe these aspects into a classification.
Degrees of human modification may be structuregttiect, for example, natural ecosystems,
semi-natural ecosystems, and agricultural ecosysteDetails on how these types of
ecosystems may be defined are in the annex.

The row entries in the account follow the basierfaf the asset account in the SEEA Central
Framework: opening stock, additions, reductions ahosing stock. Additions to and
Reductions in stock have been split between manageédatural expansion. Additional rows
for imports and exports have been included, thulsimgahe table a stock account, as distinct
from an asset account. Details on the types otiaddi and reductions described in the carbon
stock accounts are included in the annex.

Various indicators can be derived directly frombzar stock accounts or in combination with
other information, such as land cover, land us@ufation, and industry value added. The
suite of indicators can provide a rich informatgmurce for policy makers, researchers and the
public. For example, comparing the actual carbacksof different ecosystems with their
carbon carrying capacities can inform land usesileeimaking where there are significant
competing uses of land for food and fibre.
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4.104 An indicator that can be derived from the carbartlstaccount is the ‘net carbon balance’.
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This indicator relates to the change in the stotkcasbon in selected reservoirs over an
accounting period. Commonly the focus of net carbalance measures is on biocarbon but
depending on the analysis the scope of the meamayealso include parts of geocarbon,
carbon in the economy and other reservoirs.

Accounting for biodiversity
Introduction

Biodiversity and its definition in the context ofasystem accounting has been described in
Section 2.1. In Section 4.3 it was explained thdgaaic resource account for biodiversity
focusing on the measurement of changes in specbesdwprovide information suited for
assessing ecosystem condition. This section dieswspossible structure for such an account.

At both national and sub-national scales, by ligkiodiversity accounts with the land cover,
land use and the environmental protection expereliaccounts of the SEEA Central
Framework, the cost-effectiveness of expenditumreshabitat and species conservation or
returns on investment may be analysed.

Using the links to economic accounting in the SEEAnay be possible to link key drivers
and pressures to biodiversity loss, for exampléeims of measures of energy use, carbon
emissions and sinks, built up land and infrastmgtextraction of fish and timber (fisheries
and forestry), agricultural expansion and intengitynate change, fragmentation and nitrogen
deposition and loads. In this context, land used lase intensity and land cover accounts
provide important information on the extent of giem types and area lost by conversion.
These kinds of integrated analysis will be fadiéithif relevant units (e.g. major land cover
types, forests, grasslands, etc.) can be dirdotted to economic units.

Biodiversity accounts may also be relevant in thalygsis of ecosystem services, particularly
in terms of assessing expected ecosystem seraws.fFor provisioning services, species are
harvested directly for food, fibre, timber or enerG@hanges in the abundance of species due
to human extractive activities would be reflected the species abundance and status.
Harvesting in excess of a species’ capacity torregge (i.e. unsustainable harvesting) would
result in lower yields, reduced economic profit antligher risk of extinction, and would be
reflected in moving to higher risk categories inaaeount focused on species status.

Species that provide regulating ecosystem servisesh as mangrove species (flood
protection) and bees (pollination) can also bedihto the species biodiversity and land cover
accounts. For mangroves, the amount of ecosystemicsewould be a function of the
location, extent and condition of mangroves, wtaclild be derived from a land cover and
land use account. For bees, the level of pollimatervice would be a function of the
abundance of bees, which could be drawn from aoustdocused on species abundance.

It should also be recognised that, independentiynftheir use in ecosystem accounting,
biodiversity accounts described here and land uskeland cover accounts described in the
SEEA Central Framework, can be used to track pssgi@vards policy targets such as those
concerning the protection of threatened speciesosystems (or habitats), the sustainable use
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of harvested species, the maintenance and improvemhi@cosystem condition and capacity,
and where the benefits of use of biodiversity aadane.

In this broader context, accounting for biodiversicognises the importance of biodiversity
to people as articulated in several internatiomge@ments concerning biodiversity and the
conservation of biodiversity. Perhaps the most irgmt is the Convention on Biological
Diversity (CBDY? which entered into force in 1993. The Conventices tthree main
objectives: (1) the conservation of biological dsiy; (2) the sustainable use of the
components of biological diversity, and; (3) thé fand equitable sharing of the benefits
arising out of the utilisation of genetic resources

Measurement of biodiversity

A wide range of techniques are used to measureMeisity. It is not the intent here to

provide a full review of these techniques but tdenthat biodiversity measurement is a
specialist field, that different methods for assesdiodiversity provide varying levels of

accuracy and precision, and that because of coitipierf biodiversity measurement a focus
is placed on selected indicators of biodiversitthea than accounting of all aspects of
biodiversity.

Biodiversity indicators measure part of the systencapture a range of aspects of the system
within single measures. Based on the recommendatibthe § meeting of the Subsidiary
Body on Scientific, Technical and Technological fuv(SBSTTA9) the 7 Conference of
the Parties (COP7) agreed on the list of providiamdicators for assessing progress towards
the 2010 biodiversity target (COP decision VII/32004f* that can be implemented
worldwide, or at national or regional scales.

The four indicators concerning the state of biodiitg that emerged from these discussions
are:

(i) Trends in extent of selected ecosystems

(i) Trend in abundance and distribution of selectedispe
(i) Trend in status of threatened species
(iv) Change in genetic diversity

The first describes the remaining ecosystem typeerms of size, the second relates to the
average quality of these ecosystem types (meandabue of species characteristic of these
ecosystems as compared to the reference condiind)the third shows the variability within
the mean species abundance, focusing on thoseespbeit are threatened. Together these
indicators reflect the degree of homogenisatior, tore process of biodiversity loss as
described in Section 2.1.

The figure below summarises the changes in ecosystee abundance of species and threat
of extinction over time. In this it shows three misi in time in terms of habitat extent (the
nested squares in the lower right of the diagrdm}he middle the consequences in terms

2 Secretariat of the Convention on Biological Divirs(2003). Convention on Biological Diversity
http://www.cbd.int/convention/text/

“3 Seehttp://www.cbd.int/doc/decisions/cop-07-dec-en.pdf
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change in species abundance are shown, with thdatteld lines showing a composite state
index which is calculated referring to a benchntarie (or reference condition). On top, the
extinction or close to extinction of some specedndicated by inclusion in the IUCN Red

List.

Figure4.2 Changein ecosystem extent, original species abundance and risk of extinction®.
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Accounts in physical terms (e.g. hectares) showiimg area of different ecosystems in
protected areas is a straightforward first stem (ising the land cover and land use accounts
of the SEEA Central Framework) and these can adsbinked to the environment protection
expenditure (a response indicator). It is also s&ary to account for the extent and condition
of ecosystems outside of protected areas (i.eeritiee country), since in most countries much
of the biodiversity exists outside of protectedaate

For some purposes more precise information abowreyhwhy and how the changes in
ecosystem extent occurred are needed. This isedfisdpimportance if one is combine the
inter and intra flows in order to combine both theasurements of changes in quality and the
measurements of changes of extent in one commduagioa for policy priority purposes. To
achieve this both extent and quality measureshaite to refer to EAU.

Biodiversity, as measured by species number anchdaimece, can be measured directly.
However, because this is costly to do for largagreiodiversity is usually estimated using a
range of data and methods, including modelling rieges based on information about land
cover, land use, fragmentation, climate changeodimer pressure‘@.

At international and national levels the state iofdversity can also be shown via composite
indices. Examples of this approach for aggregatasorement of biodiversity include the

“*ten Brink, B.J.E., S. Condé, F. Schutyser (201@Xerlinkages between the European biodiversitycitis,
improving their information power. Report of the rkimg group on Interlinkages of the Streamlining &@ean
Biodiversity Indicators project (SEBI). Europeamnvitnnmental Agency. Copenhagen.

5 Scholes, R.J. and Briggs, R. (2005). A biodivgrsitactness index. Nature, 434(3): 45-49. (3 M&0h5)
Alkemade, R., van Oorschot, M., Miles, L., Nellemag., Bakkenes, M. & ten Brink, B. 2009. GLOBIOS:
Framework to Investigate Options for Reducing Globarrestrial Biodiversity Loss 2009. Ecosystems312
374-390.
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Natural Capital IndeX, the GLOBIO Mean Species Abundance Irfdethe Living Planet
Index*®, the Biodiversity Intactness Ind€xand the Norwegian Nature Ind&x These
composite indicators are the result of a long tiadiin ecology of expressing complex
changes in species abundance through indices.

453 Structuring information on species and groups of species

4.121 Species can be defined in a range of ways. Theycamemonly defined as a group of
organisms capable of breeding and producing feofiigpring. However, this definition does
not work well for some groups of organisms (e.g:tbi@da). A range of definitions is available
but the definition used ultimately depends of théure of the organism of intergstSpecies
are commonly classified according to the taxonomigldished by Linnaeus (1758), which
continues to evolvé,

4.122 The biodiversity of species can be measured by #imindance, richness and distribution.
Broad scale assessments of biodiversity are typidsised on species richness (e.g. the
number of different animal species in an area)idiness of endemic species. In this, the
species occurring in particular areas are liste¢prasent or absent. These data are more
readily available than abundance data (e.g. estolatimber of animals for each species of
animal) and can be measured against the origimabeu of different species in the area. The
assessment of species richness is often used bwibis suitable for sub-national scale
assessments (biodiversity “hotspots”) and, whichuldiodetect regional shifts in species
distributions and local extinctions.

4.123 At a larger scale, species richness may show Ltienge at a national level, and hence are
often difficult to interpret and relate to humartities. Consequently, it may be necessary to
augment species richness data with informationhenirnportance of particular species to a
region from other sources. For example, by detdnginvhether the species detected in an
area are included on the IUCN Red List of threadespecies.

4.124 It is thus beneficial if assessment of biodiverditfy areas includes estimates of species
abundance although these data are usually onlyaélaifor a limited number of species.
Abundance may be measured in absolute terms suttitedstal number of individuals of a

“Sten Brink, B.J.E. and T. Tekelenburg, Biodiversitgw much is left? The Natural Capital Index franoekv
(NCI). in RIVM report 402001014. 2002: Bilthoven.

" Alkemade, R., van Oorschot, M., Miles, L., NellemaC., Bakkenes, M. & ten Brink, B. 2009. GLOBIJS:
Framework to Investigate Options for Reducing Globarrestrial Biodiversity Loss 2009. Ecosystems312
374-390. Also see http://www.globio.info/home

“8 Loh, J., et al 2005. The living planet index: gsgpecies population time series to track trendsddiversity.
Philosophical Transactions Royal Society, Biologi8eiences 360, 289-295, and; Loh, J.,2002. Li\mtanet
Index 2002, World Wildlife Fund International: GhrSwitzerland.

“9Scholes, R.J. and R. Biggs, 2005. A biodiversitgémess index. Nature. 434(7029): p. 45-49.

%0 Certain, G., O. Skarpaas, J-W. Bjerke, E. Framstad_indholm, J-E. Nilsen, A. Norderhaug, E. Ow;C.
Pedersen, A-K. Schartau, G. I. van der Meeren, dlasen, S. Engen, P.A. Garndsjordet, P. Kvalgy, M.
Lillegard, N. G. Yoccoz, and S. Nybg. 2011. The Wdatindex: A General Framework for Synthesizing
Knowledge on the State of Biodiversity. PloS ONEdb 4: €18930.

*1 de Queiroz K., 2005. "Ernst Mayr and the moderncept of species". Proc. Natl. Acad. Sci. U.S.A2 10
(Supplement 1): 6600—7. (May 2008yi:10.1073/pnas.0502030102

2 See, for example, the International Commission Zomlogical Nomenclature, http://iczn.org and; the
International Code of Botanical Nomenclature (Vier@ode)http://ibot.sav.sk/icbn/main.htm
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species or a density per hectare. It can also l@suned in broad classes related to absolute
measures, for example very abundant, abundant, comrare, and very rare. Abundance
may also be measured in relative terms, in pagrcalirrent abundance relative to the past (a
benchmark or reference condition). If a specideds abundant now than in the past, it may
be at risk of extinction. Different species exhithifferent natural abundances: for example in
mammals, small rodents are naturally very abundahile elephants and other large slow
breeding mammals occur in much lower abundances.

As a precursor to accounts of biodiversity, infotiora on species should be collated in
databases. For structuring information on bioditerand in order to create accounts for
particular areas (e.g. Ecosystem Accounting Units3, imperative that the data are spatially
and temporally (i.e. time period) referenced.

Speciesrichness and species abundance accounts

Accounts may be prepared for individual speciegraups of species. While accounts for

individual species may be relatively few, some geeare of particular interest, for example

because they are harvested for food or have iceaises, and hence accounts may be
prepared for these species. Such accounts, formedor fish, are similar to those described
in the SEEA Central Framework and are not descrituether here. Tables for species

richness would be of a similar form to the tabledpecies abundance described below.

Table 4.7 presents the general form of a biodityeesicount for species abundance. It may be
compiled in both absolute and relative terms ofnalamce. The account follows the general
form of asset accounts in the SEEA Central Framleyweith opening stock and closing stock.
In this account a net change only is shown, bwitld be possible to add rows showing the
positive and negative changes that result from rahtprocesses or human activity. The
accounting period is one year.

The reference condition of species can refer totemg period, but ideally it should refer to
an ecosystem with minimal human influence. Suclaseline can be difficult to establish but
this allows the relative abundance of species tadmepared between different species, and
different ecosystems, within countries and betwsmmtries.

It is important that species from all Kingdoms .(idévision of living organisms) should be
included in the species abundance accounts to eetiBaraccounts are as representative as
possible’® However, in practice the species included in toeoants will need to be a
representative sample from the Kingdoms as cotigalata on the abundance of all species is
resource intensive and some Kingdoms are bettervknban others (animals being the best
known). The sample of species should include spebig are of importance to the ecosystem
being measured and priority should also be givesptxies that are known to be sensitive to
human impacts (i.e. responsive to key drivers ardures).

3 A likely exception is the Kingdom Monera (singlellcorganisms without a nucleus, e.g. bacteriajeseh
species are not anticipated to be a focus of bérdity accounting as described here.
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Table 4.7 Biodiversity account: Species abundance by Kingdom

a

Animals

Mammals

Birds

Reptiles

Amphibians

Insects

Fish

Invertbrates

Subtotal

Fungi

Protista

Plants

Opening population

Closing population

Net change

Reference population

Opening  population as
proportion of reference
population

Closing  population  as
proportion of reference
population

Net change

a The Kingdoms shown in the table are those acegrth Whittaker 1969. The Kingdom Animals is shown
divided by Classes but not all classes of animashown in the table. The selection of classeskargdoms is
indicative only and as appropriate data may begdisgated by class or finer levels (e.g. Order, USEn
depending on the availability of data and the infation requirements. The Kingdom Monera (singld cel
organisms without a nucleus e.g. bacteria) is sted as generally it is not anticipated to be eu$oof

biodiversity accounting as described here.
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Annex A4.1 Additional detail concerning accounting for carbon

The rationale for carbon accounting in the conte#xécosystem accounting is discussed in
Section 4.4. This annex provides some addition#ildeon the structure and accounting
entries related to the carbon stock account predentTable 4.5.

The carbon stock account presented in Table 4.6ige® a complete and ecologically
grounded articulation of carbon accounting basedhencarbon cycle and in particular the
differences in the nature of particular carbon masies. Opening and closing stocks of carbon
are recorded with the various changes between éginthing and end of the accounting
period recorded as either additions to the stoagleductions in the stock.

Carbon stocks are disaggregated to geocarbon (catbred in the geosphere) and biocarbon
(carbon stored in the biosphere, in living and de@mnass and soils). Geocarbon is further
disaggregated into: oil; gas; and coal resourcessiff fuels) and rocks and minerals (e.g.
carbonate rocks used in cement production, methktkrates and marine sediments). For
accounting purposes where the information generfaited the accounts is policy focussed,

the priority should be to reporting those stoclet eire being impacted by human activity (e.g.
fossil fuels).

Biocarbon is classified by type of ecosystem. At tighest level these are terrestrial, aquatic
and marine ecosystems, as shown in Table 4.6. higis level classification can be further
broken down, but at present there is no internatipragreed classification of ecosystems. In
the absence of this, compliers may chose to usdatite cover classification of the SEEA
Central Framework, noting that the primary purpofsthis classification is not for ecosystem
accounting, but for understanding production, camgion and accumulation from an
economic perspective, not the ecosystem perspettivibis it should also be noted work on
land cover classifications is part of the SEEA @arfframework research agenda.

A key aspect for carbon accounting is to understdreddegree of human influence over
particular ecosystems. In this it may be desirdbleéecognise varying degrees of human
modification of the ecosystem and potentially idtroe these aspects into a classification.
Degrees of human modification may be structuregfiect, for example:

* Natural ecosystems: which are largely the producthatural and ongoing
evolutionary, ecological and biological process@fie key mechanism of
‘management’ in natural ecosystems is natural 8eleoperating on populations
of species which has the effect over time of oming system level properties
and the traits of component species. System-lengglgoties which are naturally
optimized with respect to, among other things, emmental conditions include
canopy density, energy use, nutrient cycling, iersitle, and adaptive capacity.
Natural processes dominate natural ecosystemsmwithich human cultural and
traditional uses also occur. Natural ecosystembBidecterrestrial and marine
ecosystems.

» Semi natural ecosystems: which are human modifsdral ecosystems. Natural
processes, including regenerative processes, drdnsoperation to varying
degrees. However, the system is often preventeth freaching ecological
maturity or is maintained in a degraded state dueutman disturbance and land
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use. Thus, the vegetation structure may not reffettiral optima, and the
taxonomic composition may be depauperate.

» Agricultural ecosystems: which are human desigeedjneered and maintained
systems on agricultural lands that grow animalsaon@s mainly for food, wood
and fibre and as feedstocks for biofuels and othaterials. Plantations of trees
for timber or fruit production (e.g. orchards) dareluded in the agricultural
ecosystem. Note that these stocks in the SEEA @efitamework and SNA
would be included as inventories of the economy hedce must be removed
from this category.

» Other ecosystems: including settlements and latid imfrastructure.

The atmosphere and ocean are the receiving envaisnfior carbon released from primary
reservoirs and accumulations in the economy. Ig, ttiie atmosphere and oceans may be
viewed in a way similar to the way the rest of Wald is treated in physical supply and use
tables in the SEEA Central Framework, since theyrest under the control of a particular
owner. Oceans may be split into shallow and deejmceservoirs.

Accumulations in economy are the stocks of carincenithropogenic products and are further
disaggregated into the SNA components: Fixed ageajsconcrete in buildings, bitumen in

roads); Inventories (e.g. petroleum products irragie, but excluding those include in

agricultural ecosystems); Consumer durables (eapdwand plastic products); and Waste.
Accounting for waste follows the SEEA Central Frame where waste products (e.g.

disposed plastic and wood and paper products)dsiora controlled land fill sites are treated
as part of the economy.

Carbon stored through geosequestration (i.e. theage injecting of gaseous ¢€Mto the
surface of the Earth) is similarly treated as beinfiow within the economy (increase in
accumulations). Any subsequent release of carbdinet@nvironment is treated as a residual
flow with a reduction in accumulations in economwtolmed by corresponding increase in
carbon in the atmosphere.

Although not shown in the table, these ecosystgmgycould be disaggregated further into

marine and terrestrial ecosystems. Marine ecosysieciude mangroves, saltmashes and
seagrass beds. Peat stocks and flows align withittwarbon sector with peatland vegetation

associated with a variety of ecosystems, includangsts, grasslands, mossbeds, mangroves,
saltmashes and paddies. There is potential toglsggte Geocarbon and Biocarbon further.

The row entries in the account follow the basierfaf the asset account in the SEEA Central
Framework: opening stock, additions, reductions a&taking stock. Additions to and
Reductions in stock have been split between manageécdhatural expansion. Additional rows
for imports and exports have been included, thusmgathe table a stock account, as distinct
from an asset account.

There are six types of additions in the carbonksgmzount.

¢ Natural expansion: These additions reflect increasehe stock of carbon over an
accounting period due to natural growth. This Ww#l effectively only for biocarbon
and may arise from climatic variation, ecologictbrs such as reduction in grazing
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pressure, and indirect human impacts such as th2 f€@ilisation effect (where
higher atmospheric CO2 concentrations cause fpktet growth).

Managed expansion: These additions reflect inceegsthe stock of carbon over an
accounting period due to human-managed growth. Whlisbe for biocarbon in
ecosystems and Accumulations in economy, in invégpconsumer durables, fixed
assets and waste stored in controlled land fikssiincluding the injection of
greenhouse gases into the earth.

Discoveries of new stock: These additions conceenarrival of new resources to a
stock and commonly arise through exploration araluation. This applies mainly,
perhaps exclusively, to geocarbon.

Upwards reappraisals: These additions reflect obsmrdye to the use of updated
information that permits a reassessment of theiphlysize of the stock. The use of
updated information may require the revision ofineates for previous periods to
ensure a continuity of time series.

Reclassifications: Reclassifications of carbon tasadll generally occur in situations

in which another environmental asset is used fdiiff@rent purpose, for example

increases in carbon in Semi-natural ecosystemshéyestablishment of a national
park on an area used for agriculture would be érpthlby an equivalent decrease in
Agricultural ecosystems. Here, it is only the lanse that has changed; that is,
reclassifications may have no impact on the tdtgsmal quantity of carbon.

Imports: A line for imports is shown to enable aatting for imports of produced
goods (e.g. petroleum products). Imports are steparstely from the other additions
so that they are presented with exports.

A4.12 There are six types of reductions recorded in #iban stock account:

Natural contraction: These reductions reflect radfuncluding episodic, losses of
stock during the course of an accounting periodeyThay be due to changing
distribution of ecosystems (e.g. a contraction aftudal ecosystems) or biocarbon
losses that might reasonably be expected to oasgdoon past experience. Natural
contraction includes losses from episodic eventtuding drought, some fires and
floods, and pest and disease attacks. Naturalamittn also includes losses due to
volcanic eruptions, tidal waves and hurricanes.

Managed contraction: These are reductions in sthek to human activities and

include the removal or harvest of carbon througpracess of production. This

includes mining of fossil fuels and felling of timb Extraction from ecosystems
includes both those quantities that continue tas florough the economy as products
(including waste products) and those quantitiestek that are immediately returned
to the environment after extraction because they wmwanted, for example,

discarded timber residues. Managed contraction iatdades losses as a result of a
war, riots and other political events; and techgimlal accidents such as major toxic
releases.

Downwards reappraisals: These reductions refleabgbs due to the use of updated
information that permits a reassessment of the ipolysize of the stock. The
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reassessments may also relate to changes in thssadsquality or grade of the
natural resource. The use of updated informatiory megjuire the revision of
estimates for previous periods to ensure a comyirmfitime series.

Reclassifications: Reclassifications of carbon tasadll generally occur in situations

in which another environmental asset is used fdiff@rent purpose, for example

decreases in carbon in Ecosystems agriculturedgstablishment of a national park
on an area used for agriculture would be equaliBedn equivalent increase in Semi-
natural ecosystems. Here it is only the land usat tmas changed; that is,
reclassifications have no impact on the total ptalgjuantity of carbon.

Exports: A line for exports is shown to enable aotng for exports of produced
goods (e.g. petroleum products). Exports are sheeparately from the other
reductions so that they are presented with imports.

Catastrophic losses, as defined in the SNA, areshotvn as a single entry but are
allocated between Managed contraction and Naturahtraction. Managed
contraction would include fires deliberately litreduce the risk of uncontrolled wild
fires. Also for the purposes of accounting, recudidue to human accidents, such as
rupture of oil wells, would also be included undenaged contraction. Catastrophic
losses could, however, be separately identifigtiértable or a related table.
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Annex A4.2 Additional detail concerning accounting for biodiversity

A definition and description of biodiversity in tlentext of ecosystem accounting has been
provided in Sections 2.1 and 4.5. Those sectioghlighted the strong links between the

measurement of biodiversity and ecosystem accagiatia explained the potential to develop

accounts for species as part of developing indisatd ecosystem condition. This annex

provides additional detail on the measurement af timk between ecosystems and

biodiversity, and further discussion on the meawarg of species, including the derivation of

indices from species abundance accounts and caigiticounts for threatened species.

Geographical extent of ecosystems and biodiversity

There is a strong relationship between the extémcosystems, land use and biodiversity.
Measures of ecosystem condition and extent areredviea more detail in earlier sections of
this chapter and, to the extent that ecosystemapeximated by land cover, the land cover
accounts described in the SEEA Central Framework.

The relationship between land cover and land usesséfom case to case. At times they may
appear relatively synonymous concepts, for exarti@eterm cropland (e.g. an area covered
by wheat) is a reference to land use but also givelear indication of the type of land cover.
However, in other cases land use and land covendarelosely related, for example a forest
may be used for conservation (e.g. protection ecigs and recreation) or forestry (i.e. to
produce timber for sale).

Land set aside (used) for conservation is of paeicrelevance for biodiversity accounting. It
is usually the case that land used for conservatias the express purpose of protecting
biodiversity as well as providing opportunities foeople to enjoy the environment and the
biodiversity within it. Also implicit in this is tb provision of ecosystem services from the
areas set aside for conservation.

Most countries have information on the area covésedational parks and other categories of
protected areas (e.g. according to the IUCN Pretieétrea Categorié§ and this has been
consolidated in the World Database on Protectedtdn addition, the Ramsar Convention
on Wetlands (1973 currently lists just over 2,000 wetlands of intianal importance,
covering nearly two million square kilometres.

Accounts in physical terms (e.g. hectares) showiimg area of different ecosystems in
protected areas is a straightforward first stem (ising the land cover and land use accounts
of the SEEA Central Framework) and these can aistinked to the environment protection
expenditure (a response indicator). It is also s&ay to account for the extent and condition
of ecosystems outside of protected areas (i.eerthiee country), since in most countries much
of the biodiversity exists outside of protected asreThe condition of biodiversity, as

* For more information see, Guidelines for ApplyiRgotected Area Management Categories, Dudley, N.
Ed.(2008):http://data.iucn.org/dbtw-wpd/edocs/PAPS-016.pdf
5 World Database on Protected Ares: http://www.wdm.

% The

Ramsar Convention on Wetlandgtp://www.ramsar.org/cda/en/ramsar-documents-tegts/ention-

on/main/ramsar/1-31-38%5E20671 4000 0
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measured by species number and abundance can bargtkbdirectly. However, because this
is costly to do for large areas, biodiversity caiodi is usually estimated using a range of data
and methods, including modelling techniques basedhformation about land cover, land use,
fragmentation, climate change and other pressures.

For some purposes more precise information abouwreyhwhy and how the changes in
ecosystem extent occurred are needed. This isegiapgmportance if one is to combine the
inter and intra flows in order to combine both theasurements of changes in quality and the
measurements of changes of extent in one commduagizan for policy priority purposes. To
achieve this both extent and quality measureshaiie to refer to EAU.

Deriving indices from accounts of species abundance

The index methods used for economic indicatordh stscthe consumer price index involving

the measurement of changes in a selected baskgbaofs and services, may provide an
approach to constructing species abundance inffioesthe accounts presented above. The
weights used are the average consumption of tferelift goods and services.

Biodiversity indices are more complicated, butallsuarea (extent) is one component and
ensuring that each trophic level maintains equadwie implies that all parts of the ecosystem
are duly represented (Certain et al. 2012).

Changes in a total biodiversity index may be ex@dithrough a disaggregation into different
thematic indices. Figure A4.1 shows how it mightguessible to aggregate the measures of
species abundance by domain (i.e. freshwater, ocmmstal or terrestrial ecosystems) or
species group (i.e. fish, mammals, etc) to deriveozerall index of biodiversity or species
abundance index.

" Scholes, R.J. and Briggs, R. (2005). A biodivgrsitactness index. Nature, 434(3): 45-49. (3 M&0h5)

Alkemade, R., van Oorschot, M., Miles, L., Nellemag., Bakkenes, M. & ten Brink, B. 2009. GLOBIOS:
Framework to Investigate Options for Reducing Globarrestrial Biodiversity Loss 2009. Ecosystems312
374-390.
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Figure A4.1 Possible aggregation of a national nature index for mean species abundance

Species Abundance Indices

T

State State State State

[ Fresh water > Ocean > Coastal waters > 'IIE'errestrlaI
cosystems

—l Fish | _l Fish | _l Fish | Fish index
_l Mammals | _l Mammals | _l Mammals | —| Mammals | Mammal index

fér'g\ﬁreig)ians and | | érgglheisbians and | ﬁ\ergglléisbians and | ﬁ\erggrgsbians and | ;\orppehpig:g? nagéjx
—l Birds | _l Birds | _l Birds | _| Birds | Bird index
_l Invertebrates | _l Invertebrates | _l Invertebrates | _| Invertebrates | !Réi;tebrate
—| Plants | _l Plants | _l Plants | _| Plants | Plant index

Accounts for threatened species (extinction risk)

A4.23 The risk of extinction is a function of the natug@pulation dynamics, distribution and
abundance of species, environmental change and rhao@vities directly or indirectly
influencing population abundance. In this, the meirgely distributed and abundant and the
higher the reproductive rate of a species is,ehs likely it is to become extinct. Some species
are naturally rare, have limited distributions owlreproductive rates and hence are more
susceptible to extinction. The IUCN Red List Catégg® take into account these factors and
others into account to determine the overall stafispecies.

A4.24 Accounts showing the risk of extinction can be ¢arded using the status of species as
defined by IUCN Red List categories and relateteda (Table A4.1). These categories are
defined as:

« Extinctis when there is no reasonable doubt that theindstidual of a species has
died; Extinct in the wildis when a taxon is known to only survive in cution, in
captivity or as a naturalised population (or popafes) well outside the past range;

« Critically endangereds when a taxon is considered to be facing aremety high
risk of extinction in the wild;

® |UCN-Species Survival Commission, 2001. Red Lisategories and Criteria version 3.1.
http://www.iucnredlist.org/documents/redlist_catst en.pdf
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« Endangereds when a taxon is considered to be facing a vegl hisk of extinction
in the wild,;

* Vulnerableis when a taxon is considered to be facing a higihaof extinction in the
wild; Near Threateneds when a taxon is close to qualifying for oriiely to qualify
for a threatened category in the near future;

e Least concerms when a taxon is widespread and abundant;

« Data deficient or Not evaluated Data deficient is when there is inadequate
information to make a direct, or indirect, assesgnoé its risk of extinction based on
its distribution and/or population status (dataiadeft is therefore not a category of
threat). Not evaluated is when a taxon has nobgen evaluated against the IJUCN
threat criteria.

It should be noted that the threatened speciesuatxoecord only the presence or absence of
species in a particular area.

Threatened species accounts may be prepared fotrigsuas a whole or for particular areas
or ecosystems within countries. It should be noled the amount of effort needed to prepare
the account increases with the number of areastiarh accounts are prepared.

In national and sub-national accounts is importamtote that the status assessments from the
IUCN Red List relates to an assessment of the spégithe entire world, not to the country
and area in question. As such it might be thategisg are assessed against different criteria at
small scales.

109



Table A4.1. Accountsfor threatened species

IUCN Red List categories

Extinct

in the

Extinct
wild

Critically

endangered

Endangered
Vulnerable
Lower risk

Near threatened

Data deficier
or not evaluated

Least concern

TOTAL

Opening stock

Additions

- from lower threat categories

- from higher categories

- discoveries of new species

- rediscoveries of extinct species

- reclassifications

- updated assessments

- new additions to list

Total additions

Reductions

- to lower threat categories

- to higher categories

- reclassifications

- local extinction

- updated assessments

Total reductions

Closing stock
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Chapter 5: Approachesto valuation for ecosystem services and ecosystem assets

Introduction

The valuation of ecosystem services and ecosysssgtsais complex. In a purely accounting
context, the complexity exists because generatigsystem services and ecosystem assets are
not traded on markets in the same way as othersy@edvices and assets. As a consequence,
economic principles must be applied to estimateptiees for the various ecosystem services
and assets. Valuation therefore involves the esitmaof “missing prices” or the
identification of prices that are implicitly embesttlin values of marketed goods and services.

In a broader context, valuation is complex becausaises a range of ethical and cultural
considerations and the value of the environment ecakystems may be discussed and
evaluated in non-monetary terms. Consequentlymati® to place values in monetary terms
on ecosystems may be considered inappropriate ateahially misleading. Notwithstanding
these concerns, there are many projects and coaBldénterest in the valuation of ecosystem
services and ecosystem assets in monetary term&n Ghis background, decisions to
undertake the valuation of ecosystems and the a&s@nvaluations themselves commonly
generate the most contention among all measuressr@s.

Often there is a general lack of understandinghef technical and practical complexities
involved in valuation, particularly as they pertdm valuation in an economic accounting
context. Consequently, the ambition in this chajgéo outline (i) the various motivations for
valuation in monetary terms, (ii) the different wation concepts and principles that may be
applied, (iii) the SNA valuation principles thakearlevant when the intent in valuation is to
compare ecosystem valuations with existing nati@eabunts valuations; and (iv) the range
of possible valuation methods and associated memsnt challenges. A specific objective of
the chapter is to enable compilers and analystecoBystem accounts to make decisions
regarding valuation while being aware of the reggiiassumptions and of the implications for
interpretation.

Motivationsfor valuation in monetary terms

A number of motivations exist for the valuationexfosystem services and ecosystem assets
depending on the purpose of analysis and the cbfdexhe use of valuations in monetary
terms. The different motivations point to differeaguirements in terms of concepts, methods
and assumptions. Often, valuation is dismissed tiised without a more careful
consideration of the relationship between the psepaf analysis and the choice of valuation
concepts and methods. This section describes thadpects that should be taken into account
in determining whether to undertake valuation ahatwconcepts and methods can be applied.

For many, there is interest in the analysis of gjegolicy scenarios and alternatives, in the
evaluation of specific projects, for example intdosnefit analysis, and in the assessment of
compensation and damage claims. For others, tlsemetérest in estimating valuations of
ecosystem services and assets that can be usekéocomparisons with valuations presented
in the standard national accounts or possibly greant the standard national accounts using
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alternative measurement boundaries. Examples skthemparisons include comparing the
values of environmental assets (including ecosysfamith other asset types (e.g. produced
assets), and determining the contribution of edesysservices to measures of economic
activity. There is also a general motivation okiag awareness of the potential significance
of ecosystem related concerns.

In the consideration and design of policies angegte, and assessment of compensation and
damages, it is common practice to value the varioasts and benefits of different
alternatives. Usually, in decisions made by govemis at all levels, the assessments of costs
and benefits take into account not only the impaxctsvarious individual enterprises and
households but also on the broader community anthe context of ecosystems, the broader
environment. While impacts upon employment and edperes may be straightforward to
estimate from market-based valuations, the socidl environmental aspects are typically
more challenging to value. Nonetheless, for the@ses of assessing specific policy choices
(such as where to build a hospital, whether toalhdighthouses, or whether to restore
polluted wetlands) it is relevant to estimate thlevant costs and benefits taking into account
these social and environmental aspects and hedd#oadl| valuation strategies are needed.

Additional valuation strategies are also neededravltemparison with, or augmentation of,
standard national accounting estimates is the miidiv for valuation. In this case, an
important starting point is the recognition that ®NA does not record externalities that arise
through economic or other human activity whetheytlare positive externalities (e.g. the
ecosystem service of flood protection) or negaéxternalities (e.g. the degradation of river
systems through pollution.The valuation focus is thus the estimation of nuarket values
for ecosystem services and ecosystem assets thatchrrecorded in the SNA, and the
alignment of these estimates with valuations alyegadorded in the SNA.

For SEEA Experimental Ecosystem Accounting, theu$ots on estimating valuations that
permit consistent comparison with, or augmentatifhrvaluations reflected in the SNA. To
this end, the alternative valuation strategies #ratused should generate estimates that are
consistent with the valuation principles in the SNA

There are important implications linking the spiecihotivations with the type of valuation
concept to be used. In broad terms there are tlmgetebut different valuation concepts. One
relates to obtaining valuations that measure trengh in the overall costs and benefits
associated with ecosystem services and assetsseboad relates to obtaining valuations of
ecosystem services and assets that are consistentalues that would have been obtained if
a market for the ecosystem services or assetsxisigee The distinctions between these two
valuation concepts are outlined in detail in tHéofeing section.

Since there are likely to be clear differences ketwthe valuations estimated using the
different concepts, it is important that the madtiima and purpose of analysis be aligned with
the choice of valuation concept. In addition, thisre range of different valuation methods
that may be used and, depending on the methodayt e possible to estimate different
valuation concepts using the same approach. Thissnot only the choice of concept and the
choice of method that must be considered but Alsevay in which the method is applied.

% See 2008 SNA, 2.23.
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The remainder of this chapter examines the follgwssues. Section 5.3 discusses alternative
valuation concepts. Section 5.4 discusses the watugrinciples of the SNA. Section 5.5
describes a range of approaches to valuation aadapplication to the measurement of the
alternative valuation concepts. Finally, Sectiof presents some particular measurement
issues that should be considered in undertakingiatiah of ecosystem services and
ecosystem assets. Of particular note in Sections5a6discussion of uncertainty in valuation
which notes four key sources of uncertainty thaidant on valuation exercises.

Since the focus of valuation in SEEA Experimentab&ystem Accounting is on valuations
that permit comparison with and augmentation ofi@abns in the SNA, the discussion does
not extend to a complete articulation of all mattpertaining to the valuation of ecosystem
assets and ecosystem services. Rather, the irgetat place the estimation of values in
monetary terms for the SEEA within the broader egnf valuation, and, to the extent
possible, improve the general understanding oferatelating to valuation in monetary terms
for accounting purposes.

It is recognised that for other purposes altereativoices of valuation concept and valuation
approach may be more appropriate. In particular pfidicy assessment and evaluation it is
likely that the purpose of valuation will be wekaanalysis and hence a welfare economic
concept of value is likely to be of most relevarmean approach that combines both welfare
economic and exchange values (e.g. multi-criteradyais).

While the valuation concept and approaches may dapending on the purpose of the
analysis, the broad targets of valuation — ecosyservices and ecosystem assets — remain
the same. Thus while the focus of valuation forsgstem accounting described here may not
suit all purposes, ecosystem accounting in physezats as described in Chapters 3 and 4 is
relevant in all situations, and the accounting nhoéscribed in Chapter 2 provides a coherent
and integrated framework for ecosystem assessntatewer valuation concept may be used.

Valuation concepts
Ecosystem services and assetsin relation to public and private goods

Within the broad context of economic value it ilevant to consider ecosystem services and
assets in terms of their contribution to eithertl{@ value that accrues to individuals (private
goods) or (ii) the value that accrues to societyartwroadly (public goods). Because of the
different characteristics of private and public dsodifferent approaches to the estimation of
relevant prices must be considered.

Provisioning services are typically private goodbeveas many regulating and cultural
services have a public goods character. Public gaodolve the conditions of (i) non-

excludability, meaning that is not possible to de®ople the benefit from the ecosystem
service, and (i) non-rivalry, meaning that onesp@’s enjoyment of an ecosystem service
does not diminish the availability of the servioeothers. Clean air is a typical example of a
public good. Eco-tourism can be seen as a ‘quailip good, to a degree it is non-rivalrous
(assuming no over-crowding), but in principle ieiscludable (e.g. by placing a fence around
a particular site and charging entrance fees). Daipg on the regulatory system, fisheries
and forests which provide provisioning servicesthe form of fish and timber, may be
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common goods, in that they are rivalrous (e.g.ifigloy one person reduces the amount of
fish available for others) but are often not exeloid.

Therefore, the price mechanism for the provisiornpoblic goods does not function well:

consumers do not have an incentive to pay and perdwdo not have an incentive to supply.
Common goods may also be impacted by extractioneaBastainable levels. This situation
may reflect the nature of the production environtntar example the existence of increasing
returns to scale and various externalities frondpotion. Consequently, public intervention,
most commonly through production by governmenthoough the definition and allocation of

property rights, often occurs to maintain or create efficient allocation of such goods.

Because public goods are not traded in a markety#fuation of such goods requires the
application of non-market valuation methods. Thecdssion of non-market valuation

methods is the main focus of Section 5.5.

Welfare economic and exchange concepts of value

In neo-classical welfare economics, the value ajoad or service is determined by the
demand for and supply of that good or service ipedfectly functioning market. This is
illustrated in Figure 5.1. This figure shows a dathand a supply curve for a good traded in a
market in quantity ‘Q’ and at price ‘P’. The demaadd supply curves are assumed to be
linear for the purpose of this illustration, buistiwvill not normally be the case in practice.

In Figure 5.1, area ‘A’ represents the consumeplsar which is the gain obtained by
consumers because they are able to purchase acpaida market price that is less than the
highest price they would be willing to p&y/The producer surplus, depicted by ‘B’, is the
amount that producers benefit by selling at a maskiee that is higher than the least that they
would be willing to sell for, which is related tbeir production costs. The area ‘C’ can be
assumed to represent the production costs, whifdér @mong producers. For the purpose of
this chapter, the sum of areas A and B is labeHedsurplus’. The surplus can be seen as the
net economic gain resulting from market transastioith a volume of Q at price P.

In the context of comparing values of ecosystemises with values in the national accounts,
the objective is to value the quantity of ecosyssarvices at the market prices that would
have occurred if the services had been freely tramied exchanged. This market price,
equivalent to price P in Figure 5.1, reflects consts’ marginal willingness to pay for the
ecosystem service at the market equilibrium quauwfitservices Q. In the case of ecosystem
services not traded in a market, alternative aggres to establish a price for the ecosystem,
in line with the SNA accounting principles, needot®found, as further discussed in Section
5.5.

%It is noted that a distinction exists between vidiial and aggregate consumer surplus.
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Figure 5.1 Consumer and producer surplus
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5.21 For national accounting purposes, the focus ofatadn is on the area of producer surplus
plus costs of production, i.e. areas B and C. Téikects a concept of exchange value in
which, while different consumers may have beeninglto pay different prices for a good or
service, in practice all consumers pay the sanmmpR. Thus the total outlays by consumers
and the total revenue of the producers is equiéld@rea B plus C, or equivalently, is equal to
P times Q. For accounting purposes, this appraasfaltiation enables a consistent recording
of transactions between economic units since theesdor supply and use of products are the
same.

5.22 Rather than focus on an estimated market pricegaadtity determined by the intersection of
market supply and demand, welfare analysis of etemy services begins with the
construction of a utility function and demand curfge the ecosystem service. Then it
evaluates the change in area A for a proposedypdfior example, an increase in price of
access to a national park woutgteris paribusdecrease the size of area A and lead to a loss
of total consumer surplus. Evaluation of a chamgeonsumer surplus poses the challenge of
determining the relevant starting point, or bagelquantity, of the ecosystem service for
comparison with the current and prospective quamtitthe service. The closer the baseline
guantity is to zero, the larger (potentially infa)i the estimate of consumer surplus becomes.

5.23 Following this characterisation, the differenceviEn the welfare economic concept of value
for ecosystem services on which welfare analysisased, and the national accounts concept
of exchange value, is the frequent focus of thensron changes in consumer surplus under
alternative scenarios. Consequently, given therestein exchange values for accounting
purposes, much of the discussion on approachesltation therefore considers the extent to
which consumer surplus is incorporated in the tegybnalysis. A critical aspect here is that
willingness to pay measures that are commonly eséichand reported in the literature apply
some approaches to the valuation of ecosystencesrthat do not solely reflect a constructed
market price reflecting exchange values, but atstude an evaluation of different scenarios
and changes in consumer surplus.
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Shadow prices

Shadow prices are commonly used in welfare analgsigvaluate ecosystem services and
assets. The market prices for goods and serviaktharshadow prices for the same goods and
services diverge when markets are inefficient andndt properly account for economic,
social or physical constraints (e.g. opportunitgtsp scarcity) associated with the good or
service. Thus, shadow prices are not observalifeeimarket.

In the context of welfare analysis, shadow prices theoretically useful to assess
sustainability given the general lack of efficianarkets for ecosystem services and assets.
For evaluation of ecosystem services over timengbs. in consumer surplus can be estimated
by comparing the size of area A under the assumptfomarket prices (where a related
market price can be determined) to the size of Araader the assumption of shadow prices.
Where a related market price cannot be determiseddow prices based on differing
assumptions may be compared.

Shadow prices are aligned with a welfare economixept of value rather than an exchange
value concept. Therefore, even though shadow prieas be considered marginal, they are
not equivalent to marginal prices obtained via ak@amechanism. Rather, they are marginal
in the sense of reflecting the change in welfarsoeigted with a marginal change in the
relevant good or service.

Total Economic Value

Demand curves, such as shown in Figure 5.1, reftettdifferent consumers are willing to
pay different amounts for different quantities of particular good or services. These
differences reflect variations in the relative impoce of a good or service to a consumer. For
accounting purposes, where market prices are obdetive aspects that determine the relative
importance of a good or service are effectivelyoigl. However, in the estimation of prices
for non-market goods and services it may be relevanconsider the determinants of
consumers’ willingness to pay.

One model that is commonly used in this regardhésTotal Economic Value framework. In
the TEV framework the value of a good or servicesdnsidered to be composed of four key
aspects:

i. Direct use valuarises from the direct utilisation of ecosystefos,example through
the sale or consumption of a piece of fruit.

ii. Indirect use valuestems from the indirect utilization of ecosystenms,particular
through the positive externalities that ecosystprosgide, for example clean air.

iii. Option valuegelate to people’s responses to uncertainty. Beraeople are unsure
about their future demand for a service or the dortgrm implications of a current
decision, they may be willing to pay now to retttie option of using a resource in
the future (e.g. placing a value on a forest réftgcthe potential to find plants for
medicinal purposes) or they may be willing to pawrfor insurance against possible
future losses.
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iv. Non-use valueis derived from attributes inherent to the ecamystitself. Three
aspects of non-use value are generally distingdisédstence value (based on utility
derived from knowing that something exists), afitigi value (based on utility derived
from knowing that somebody else benefits) and bsqualue (based on utility from
knowing that the ecosystem may be used by futunergéions). These different types
of non-use value may be reflected, for exampléhévalue of iconic species such as
giant panda. The different categories of non-udeevare often difficult to separate
from each other and from option values, both conaly and empirically.

Often, non-market valuation methods focus on esingaparticular aspects of value. For
example methods may have a focus on estimatingtdise values of a particular ecosystem
service.

Objectsof valuation in ecosystem accounting

The two primary components of ecosystem accourgiagecosystem services and ecosystem
assets. Chapters 2, 3, and 4 explain in detailele@ant concepts and the various approaches
to the measurement of these two variables in paysitms. Some ecosystem services, such
as timber, contribute to benefits already in scopehe standard measures of economic
activity. A common obijective in this situation  $eparately identify or partition the part of
the market price that is attributable to inputgodsystem services from the part of the market
price that is attributable to other inputs incluglsapital and labour.

Other ecosystem services contribute to non-SNA fiilsné&or example, various regulating
services generate clean air. For these services ih@o market price for the benefit that can
be partitioned and hence alternative valuatiortexjias must be pursued.

Once estimates of the value of different ecosystemices have been derived, a humber of
paths may be pursued depending on the analytichlpaticy questions of interest. First,
values of all of the ecosystem services within\egispatial area (e.g. for a given EAU) can
be aggregated. Second, aggregate values can beenbfar a selected ecosystem service or
for all ecosystem services across all ecosystesisagsa country. Third, aggregate values can
be obtained based on the value of all future flofwscosystem services, and hence, following
standard approaches to capital accounting, prodgiteestimate of the overall value of
ecosystem assets. Each type of aggregation regpéeiular assumptions and involves
distinct measurement challenges. Consequentlye tmaty not be interest in compiling all of
the potential monetary measures even though they beaconceptually possible. Relevant
assumptions concerning the aggregation of ecosystevices are discussed in Section 5.6.

A particular issue arises in the case of ecosysiesets since it may not be appropriate to
apply valuation approaches developed in the comtieptoduced assets (such as buildings and
machines) to ecosystems that are complex assets,the potential to regenerate over time,
provide multiple services, and may have varyingrdeg of use over time. A related question
is whether the valuation of ecosystem degradatfmulgl be based on analysing foregone
income due to the reductions in the current andréuflows of ecosystem services, or if
valuation of ecosystem degradation should be basdte costs of restoring the ecosystem to
a previous state. This is discussed further in @hap
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Aligning valuation conceptswith motivationsfor valuation

In Sections 5.2 and 5.3 a number of motivationsviduation have been described and two
distinct valuation concepts — exchange value antfamee economic value — have been
introduced. Most commonly in economic and environtakcost-benefit analysis, focus is on

welfare economic values and the use of welfareyaiwlsince it is the impact of various

policy choices on economic outcomes that are ofreominterest. This alignment between

motivation for valuation and choice of valuatiomcept is appropriate.

However, where there is interest in comparing &loeecosystem services and assets with
existing national accounting values, it is appraigito use a consistent valuation basis for all
entries. Since accounting uses as its basis thieaage value concept, it is appropriate to
estimate exchange values for ecosystem servicesa@system assets when the intention is to
compare these values with existing entries for petidn, consumption, and wealth. The
following section summarises the valuation prinegpbf the SEEA and the SNA which are
based on the exchange value concept.

In concept, it may be possible to undertake someowading exercises incorporating
valuations for ecosystem services and ecosysteatsagsing welfare economic concepts of
value. However, this is likely to require a re-gstion of relevant, SNA based, accounting
valuations from an exchange value concept to aanekéconomic concept of value, perhaps
through the estimation of shadow prices. This fmlitsi is explored in approaches such as
inclusive wealth accounting where, in concept, shadgrices for all assets (including
ecosystems) are compared. In practice, the estimafi shadow prices is a challenging task
and often market prices (based on exchange valoeepts) are used as proxies for shadow
prices™

Valuation principlesin the SEEA and the SNA

Market prices

In the SEEA, as in the SNA, the values reflectethnaccounts are, in principle, based on the
current transaction prices or market prices forabsociated goods, services, or assets that are
exchanged. (2008 SNA, 3.118) Strictly, market @riaee defined as amounts of money that
willing purchasers pay to acquire goods, servigesmssets from willing sellers. The exchanges
should be made between independent parties onaie bf commercial considerations only,
sometimes called “at arm’s length”. (2008 SNA, 3)11

Defined in this way, in a perfectly competitive et at a particular point in time, the same
market price will be paid by all purchasers. Ingbige, market prices used in the national
accounts will vary between purchasers and over &ntehence they should be distinguished
from a general market price that gives an indicatbthe “average” price for exchanges in a
type of good, service or asset over a given pesidime. In most cases, market prices based

b1 See for example UNEP (2012) Inclusive Wealth Reprparticular focus in this report is the potanti
inclusion of monetary values for regulating andwunall services in inclusive wealth accounting ajpgtes.
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on the totality of transactions that actually ocouer an accounting period will approximate
the general “average” market prices just described.

In practice, prices are generally impacted by taessubsidies and as a result of the costs of
distributing products to consumers (reflected ansport, wholesale and retail margins). The
SNA therefore defines a number of different pricedasic prices, producer prices and
purchasers’ prices — each defined by differentineats of taxes, subsidies and margins. The
distinctions between these different prices shdaddconsidered in valuation exercises but
they are not expanded upon here. For further detaé the SEEA Central Framework Section
2.7 and the 2008 SNA Chapter 6.

Valuation of transactions

Following SNA, a transaction is an economic flowattis an interaction between institutional
units (e.g. between corporations, households, govents) by mutual agreement or an action
within an institutional unit that is analyticallyseful to treat like a transaction — for example
household own-account production. (2008 SNA, 341arge proportion of transactions are
monetary transactions in which one institutionat orakes a payment (or receives a payment)
stated in units of currency. Common monetary tretizas include expenditure on the
consumption of goods and services; payments of svage salaries; and payments of interest,
rent, taxes, and social assistance benefits.

Non-monetary transactions are transactions for lwhimarket price is not observable or does
not exist. The value of these transactions musetbee be indirectly measured or otherwise
estimated. In some cases a non-monetary transaoimn be clearly observed between
institutional units, for example barter transacsioand for national accounting purposes, a
value should be estimated to record it in the agtoun other cases, the entire transaction
must be constructed and then a value estimatedt.fGhese constructed transactions are
referred to as imputed transactions. (2008 SNA3)3.7

Imputed transactions are recorded when there enesflhat are considered analytically useful
to treat as transactions. An important imputed Saation in the national accounts is the
measurement of consumption of fixed capital (ddptEm). This is “constructed” since the
flow is one that is internal to an institutionalittend no actual monetary flows occur.

SNA approachesto valuing non-monetary transactions

When market prices are not observable, valuaticcording to market-price-equivalents

provides an approximation to market prices. In soakes, market prices of the same or
similar items when such prices exist will providg@od basis for applying the principle of

market prices provided the items are traded cuyréntsufficient numbers and in similar

circumstances.

In using a market-price-equivalents approach irekevant to note two usually unstated
assumptions. First, it is assumed that the pricthefgood or service is independent of all
other goods and services, or, put differently, thatoperation of the market allows prices to
take into account a range of inter-related effeStcond, it is assumed that the prices being
used to approximate the missing prices are themselormed in a manner that can be
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considered incentive compatible. That is, the néristitutional setting is such that the
revealed prices reflect the truthful responsesiefmarket participants.

Where no sufficiently equivalent market exists amtiable surrogate prices cannot be
observed, the SNA identifies a second best proeettube used in which the value of the
non-monetary transaction is equal to the sum ottists of producing the good or service, i.e.
the sum of intermediate consumption, compensatioengployees, consumption of fixed
capital (depreciation), other taxes (less subsidiesproduction, and a net return on capital.
(2008 SNA, 6.125)

The “cost of production approach” is most commoapplied in the valuation of the own
account production of enterprises and householdsirathe valuation of the production of
public goods by government units, such as the mtimu of education and health serviéés.
This approach to estimating prices effectively @efs a decomposition of the concept of a
market price that is amenable to estimation, stheecomponents are observable. In relation
to Figure 5.1 this method measures area C whaseaissumed that the costs of production
include a normal return on capital — i.e. theredgproducer surplus in the production of these
outputs®

Valuation of assets

Assets, strictly economic assets in an SNA contd,stores of value representing a benefit
or series of benefits accruing to the economic evyeholding or using the entity over a
period of time. (2008 SNA, 10.8). For economic actog purposes, the ideal source for
asset prices are values observed in marketsvhich each asset traded is completely
homogeneous, often traded in considerable volume has its market price listed at regular
intervals.

In some cases, observed market prices may covevdlues of a number of assets. For
example, prices for real estate will usually inéuzbth a value for the dwelling (or buildings)

on a piece of land as well as a value for the Igg@df (in particular its size and location). The
notion of composite assets is one that is explaifuether in SEEA Central Framework

Section 5.6 and is of relevance in the contextcolgstems which, by definition, represent a
combination of bio-physical components.

When there are no observable prices an attempidihe@umade to estimate what the prices
would be if a regular market existed and the asgets to be traded on the date to which the
estimate of the stock relates. There are two mgimaaches that are described in the SNA to
deal with this situation.

The first approach is to use the written down regtaent costvhich recognises that the value
of an existing asset (primarily produced assetgngt given point in its life, is equal to the

62 Strictly, a distinction must be drawn between mooretary transactions related to market output @ag
account production of households) and those relatatbn-market output (e.g. production of publimds by
government units).

%3 For non-market output of government the costs ofipction are defined to exclude the net return aypital

component (see 2008 SNA 6.125)
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current acquisition price of an equivalent new aless the accumulated consumption of fixed
capital on the existing asset over its life. (2@MA, 13.23)

The second approach is to use the discounted \a&flUdeture returns For some assets,
including many environmental assets, there are edevant market transactions or set of
acquisition prices that would permit the use of phhevious approaches. Thus, no values for
the asset itselfin situ, are available. In this situation, the discountatle of future returns
approach, commonly referred to as the Net PresaitieVapproach — or NPV — uses
projections of the future returns from the use @liguextraction or harvest) of the asset. The
SEEA Central Framework discusses NPV approachkength in Chapter 5 in the context of
individual environmental assets such as mineral emetgy resources, timber resources and
aquatic resources.

In the SNA and the SEEA Central Framework, the atadmn of assets is limited to those assets
over which property rights can be enforced. Ihis ¢xistence of property rights that generates
the potential for a stream of economic benefitg thaturn gives economic assets their
exchange value.

The decomposition of valueinto price, quantity and quality

The analysis of changes in value over time is goontant aspect of accounting. One way of
considering changes in value is to recognise thahges may arise due to changes in prices or
changes in quantity. For national accounting pugppthe decomposition of value into price
and quantity components is undertaken with an indexber framework. This framework
also provides the basis for the direct measurewfgntice change (for example, the Consumer
Price Index). Index number theory is well estaldibut, at the same time, there are a number
of choices that can be made in undertaking anyrdposition of values.

A key issue is that items being valued will genigrahange in quality over time. For example,
a new car purchased in 1990 is likely to be quitferént in quality from one purchased in
2012 even allowing for general features such amersize and number of seats. Thus simply
tracking the purchase price of a car and usingaatifiy of one car does not provide a good
indication of the decomposition of value changereasonable assessment must take into
account changes in price, quantity and quality.

For complex items, such as cars and computers, atiethave been developed to make
assessments of the changes in quality on an ongaisig. One of these approaches is known
as a hedonic approach and relies on breaking upeaninto its various “characteristics”.
Assessment of the change in each of the chardatsris then aggregated to form an overall
assessment of whether the total value (i.e. puecipaise) of an item is due to changes in
quality.

Valuation of ecosystem services
General considerationsfor different typesof ecosystem services

The appropriate valuation approach differs by tyjfeecosystem service since different
ecosystem services contribute to economic and dtharan activity link to benefits and
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wellbeing in different ways. Consequently, in orderdesign a valuation approach for a
specific ecosystem service, it is necessary to ngtaed (i) how the service leads to the
generation of benefits, and (ii) the relation beiwehese benefits and the recording of the
related economic activity in SNA.

In this context it is relevant to note that wherdirkk to the SNA can be made, i.e. an
ecosystem service can be linked to the value oputubf an SNA product, valuation

approaches tend to focus on determining the cauioib of the ecosystem service to the
market price of the product rather than valuing #eosystem service directly. These
situations are commonly referred to as cases ot jmioduction where the contributions of
multiple inputs are decomposed through analysiprotluction functions. While seemingly

straightforward, these decompositions are a sigamti challenge and also have their own
conceptual limitations that are discussed in tileviéng sections.

The following sections describe some general ecangonsiderations that apply to each of
the different broad types of ecosystem servicestlagl discuss specific approaches that have
been developed for the valuation of quantitiescofsgstem services.

Provisioning services

Provisioning services relate to goods extracteanfror harvested in an ecosystem and
generally the value of production of these goodadkided in the SNA production boundary
and hence in GDP. The process of harvest or ekiraciormally involves costs of human

inputs (labour, produced assets, etc.) which nedsttdeducted from the value of production
in deriving the valuation of the relevant ecosystsrvice. It is also noted that there may be
significant impacts from taxes and subsidies ompection that also need to be considered.

The usefulness in understanding the value of thessystem services is that the contribution
of provisioning services to GDP may be recognidedt differently, it may be useful to
recognise that if the ecosystem services were veitadle for use in production they would
need to be replaced with other factors of prodaatioproduction would diminish or cease.

The collection of food or raw materials may takaggl in an ecosystem unaffected by human
activity, but is more likely that harvesting andtrextion occurs in an ecosystem that is
modified by people. This modification may be in foem of enrichment planting of specific
species or reflect degradation because of pashamearsting. Many ecosystems have been
modified to favour the supply of specific services, in the case of cropland or intensive
pastures.

Harvesting and extraction may occur under differamdnagement mechanisms and the
valuation of provisioning services will depend ¢ tassociated structure of property rights.
There may be private ownership of the ecosystert tlie land owner harvesting ecosystem
services. A private owner, or a government, magdehe land to an individual, for instance a
farmer, or to a group of individuals. There mayodi® communal or government ownership
of the ecosystem asset, with restricted or opeesscdo the resources present in the
ecosystem. These management mechanisms or imstabtirrangements will affect the way

in which the costs of maintaining ecosystem sesvisepply are reflected in the relevant
economic transactions.
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In the case of a private land owner harvesting ¢éinds crops from an ecosystem, the owner is
likely to have used labour and produced assetsadifynthe ecosystem, and to harvest the
resource. The supply curve, and in particular &esen Figure 5.1, thus reflects the costs
involved in harvesting (labour, produced asseta (i@preciation costs), intermediate inputs)
and the costs associated with the use or modificadif the ecosystem (e.g. draining an
agricultural field prone to flooding, or pruningés in a plantation forest).

When a land user leases land to grow crops: this doslude the costs of leasing the land,

with the lease price reflecting the potential t@vgrcrops as a function of acreage, soil

fertility, hydrological properties, perhaps evee firesence of local pollinators, in other words
the ecosystem characteristics of the area. In dage, the annual lease price of the land
reflects, to a degree, the value of the relevansysiem services that are used by the land
user. However, it needs to be kept in mind thatuvhleie of land may reflect several other

important factors, for instance speculation on pitdé increase in future land value due to

land development (for instance when farm land edusr residential development).

In the case of the extraction or harvest of prowvisig services in an ecosystem not owned or
leased by the beneficiary, the beneficiary is reptipy for the use of the ecosystem asset. An
example is the collection of berries on governnm@ambed land, or fishing in waters that are

not regulated or not requiring the purchase ofhiffig license. In this case, the unit resource
rent may be used as a proxy for the economic vailube ecosystem service, although there
are specific considerations in adopting a resouete approach that are further analysed
below.

Note that one ecosystem can supply different tygfeprovisioning services, for instance
timber benefits from a forest plot may accrue te thnd owner, but the collection of
mushrooms and berries on the same plot may bedrdee public and under an open access
regime. This highlights the need to consider thigataon of different types of provisioning
services separately.

Regulating services

For regulating services, the overall valuation eghis somewhat more difficult. Regulating
services allow economic activities by means of fheitive externalities they generate. For
instance, an ecosystem providing flood protectiervises allows the safe habitation, or
agricultural activities, in a zone otherwise prdoeflooding. Where these services directly
affect human well-being, as in the case of positiealth impacts due to air filtration, they
may generate a value that includes consumer surplus

However, many regulating services may contribute ptoducer surplus, by allowing
production to take place or avoiding damages talyction. For example, flood protection
services may allow agricultural production in flopthins. The costs of maintaining the
ecosystem or providing the service are generallyimcurred by the users of the service,
except in the relatively rare cases where paymethanisms for ecosystem services (PES)
have been set up. In cases without PES, thesecegerare normally part of the producer
surplus, reflecting that as a consequence of thaélang services some producers have more
favourable conditions for specific economic acteéstthan other producers, or that they are
not required to take mitigation measures (e.g.troasflood control structures).
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In cases where the costs of mitigation or adaptaiie higher than the producer surplus, as in
the case where mechanical flood protection is eaqensive, the producer is likely to cease
activities when the regulating services providediy ecosystem are no longer provided. In
this situation, the producer surplus (area B inuFgg5.1) represents an estimate of the
maximum amount that a producer would pay for th@ises and thus may be considered a
reasonable upper bound on the value to the prochfcétre ecosystem service. However, it

should be recognised that the producer surplus iwithost cases, not only reflect the services
provided by ecosystems but also other factors @sgfance to market, technology) that

facilitate production at lower cost than compestor

For the valuation of regulating services, in theeaitre of markets for ecosystem services,
there is a need to reveal the marginal willingriegsay of consumers for the service involved
— with consumers in this case including for inseamgricultural and industrial producers.
Commonly, the focus of measurement for regulatergises is welfare analysis and hence the
application of a number of the valuation methodsetiged in the field of environmental
economics includes elements of consumer surplugiddi adjustment, these estimates may
be less applicable in the context of estimatindharge values for comparison with standard
economic accounting estimates. A notable exceptidhe replacement cost approach. This
method is of particular relevance to the valuatafnregulating services, and is further
described below.

Cultural services

For cultural services the situation differs depagdon the service involved. A number of

cultural services, such as spiritual and symbodivises and information and knowledge
services, generate consumer surplus and may beuttiffo estimate in terms of exchange
values. In some situations some of these typesiltiral services may be embedded in the
prices of housing and land (and associated repfalsgxample to the extent that the location
of a house providing sea views provides an importamenity value. Nonetheless,

differentiating these types of values may be clitéllenging.

On the other hand, cultural services related toisouand recreation are somewhat different
in that they provide both a consumer surplus aptbducer surplus. Generally, the economic
activities in recreation and tourism are in scopthe SNA production boundary. However, as
for provisioning services, the specific contributiof the ecosystem is not generally singled
out in this context. This contribution differs stgly between different activities (it may
normally be smaller for a restaurant than say aeaantal firm) — but will also vary between
individual firms. For instance, a hotel locatedaagint to a national park may attract tourists in
particular because of the possibilities for ecasyay which may not be the case for a hotel in
a city centre.

In order to analyse the monetary value of the extesy services for recreation and tourism, it
is therefore necessary to estimate the relativeoitapce of recreational and experiential
activities within ecosystems in determining the bemof tourists who visit certain areas.
Finally, it is noted that since the costs for manggatural parks are not normally incurred
directly by the economic units providing recreatand tourism activities, the contribution of
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ecosystems in providing opportunities for recreatie likely to be reflected within the
producer surplus of those units.

Approachesto pricing ecosystem services

In the following paragraphs a range of approachgsiting ecosystem services are described.
Commonly, these approaches are not explicit abdmitektent to which they are consistent
with welfare economic or exchange value concepigerGearlier discussion, it is therefore
important to understand what is being measuredtiaadelevant assumptions such that the
approach used is appropriate to the intended vatuabncept and purpose of valuation.

In this context the following general remarks aedevant. First, most approaches to the
valuation of ecosystem services focus on the meawnt of the direct and indirect use values
with relatively fewer studies including the non-wm®d option components of total economic
value.

Second, some approaches focus on the extent tchvdaissumers are willing to pay for
ecosystem services. In concept, such methods magdyed to estimate a demand curve for
a particular service and from this demand curveay be possible to determine an appropriate
estimate of exchange values.

Third, depending on the valuation approach andgdesf the valuation study, the valuation
approaches described in this section may not takea€count of the negative impacts of
economic and other human activity on ecosystemtasse. ecosystem degradation. For
example, use of resource rents to estimate valyenna&e the assumption that the resource is
being extracted sustainably. Since this is oftenthe case, there is a risk that the resulting
estimates will understate the “true” value of ebssn services in terms of capturing all of the
relevant missing prices.

Some valuation approaches have been used to mehsuvalue of degradation separately

(e.g. restoration cost, value of ecosystem resiigrsome revealed preference studies) but
more research is needed to either (i) combine thppeoaches which reflect assumptions

regarding future degradation, with approaches usedhlue the current level of ecosystem

services; or (ii) develop valuation methods thaindb require assumptions about current and
future use of the ecosystem.

Pricing using the unit resource rent

Most commonly, the use of this approach to prigs@ssociated with provisioning services
such as those related to outputs of the agricyltarestry and fishing industries, in particular
where there are no or limited possibilities to les®l leases and prices as an indicator for the
price of ecosystem services. In the case of prawisg services there is usually a measureable
human input in terms of both labour and producestaswvhich is combined with the relevant
ecosystem services to produce the benefit. The gesnof ecosystem services in Chapter 3
provide an indication of the types of consideratidhat are needed in defining the links
between benefits and ecosystem services for a @Engevisioning services.
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Importantly, given the use of human inputs, thegof the benefit, e.g. the price of landed

fish, should not be used directly as a surrogate gor the ecosystem service. That is, some
of the benefit price reflects the costs of labood @roduced assets. The difference between
the unit costs of labour and assets and the bgéfé represents the unit resource rent.

Under this approach to valuation the unit resouece represents an estimated price for the
ecosystem service. However, a number of marketittonsl must be in place for estimates of
unit resource rent to accurately reflect a price tfee ecosystem services that takes into
account the potential for degradation of the resmuiThese conditions include that the
resource is extracted / harvested in a sustaivedyeand that the owner of the resource seeks
to maximise their resource rent.

Often, these conditions are not met. In particufahere is open access to the resources and
no charging of access by the owner, then the malrginit resource rent tend to zero thus

implying that the price of the ecosystem servicezéso. Thus depending on the access
conditions in place the resource rent approachatoing marketed ecosystem services may
not be appropriat¥.

Although the analysis of resource rent is a wakldshed area of economics, a review of the
available methods suggests that there is a geneeal to develop alternative approaches to
analyse the value of ecosystem services in theafaggen access resource management.

Replacement cost methods

The replacement cost method estimates the vala@ @icosystem service based on the costs
that would be associated with mitigating actionsitifvould be lost, as in the case of
constructing a water purification plant if the wafiéération service of an ecosystem supplying
groundwater to an aquifer used for drinking waseinipaired. This method does not involve
any consumer surplus, and is based on the assumpidd society would indeed chose to
replace the service if it would be lost. Literatugtates that this method can be used, in
principle, in case the alternative considered mlesithe same services, is the least-cost
alternative, and if it can be reasonably assumed sbciety would chose to replace the
ecosystem service if lost.

The replacement cost method may be of particulavaace in the case of regulating services
such as water purification and flood control.

A related method is the ‘costs of treatment methattich involves estimating the value of an

ecosystem service based on the costs of repaignmgdes that would occur in the absence of
the service. This is of particular relevance fogulating services such as erosion and
sedimentation control, and air purification. Fostamce, in the absence of erosion control, the
barrier lake of a hydropower dam would receive bigkediment loads, and the costs of
removing these sediments can be used as an imdicattithe value of the service, under the

® |t is noted that there are no ecosystem serviesscéated with the extraction of non-renewable nadtu
resources, such as mineral and energy resourcehearte the valuation of these resources are sotisked
here. See the SEEA Central Framework, Chapter 8dtails on the valuation of non-renewable resairce
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same conditions of being an adequate and leastreasinent, and it being likely that society
would chose to conduct the treatment if the danoagers.

It is noted that these two methods differ from ottwst” methods such as avoidance costs
and restoration costs. A particular feature of teplacement cost and costs of treatment
methods is that they aim to estimate the priceaf@ingle ecosystem service rather than
considering a basket of ecosystem services.

Payments for ecosystem services and trading schemes

There is increasing experience in establishing etarfor regulating services, in particular for
carbon sequestration, but to a smaller degreefaisibydrological services, in particular the
regulation of water flows (flood mitigation) andrtml of sedimentation. For carbon, there
are a range of different markets operating in dffié¢ parts of the world with a different
degree of maturity and market turn-over. The largesket is the European Union Emissions
Trading System, but this market does not includbaa sequestration in ecosystems. Indeed,
it is important to distinguish between markets ttedte to the limited right to emit pollution
and markets in ecosystem services themselves #iscdesign of the market will influence
the interpretation of the prices that are generdtedompliance markets, the price of carbon
is strongly influenced by the regulatory settingtb& market, and prices have fluctuated
rapidly in response to changes in these settings.

Carbon sequestered in ecosystems is mainly tradedluntary carbon markets. Such carbon
markets are rapidly evolving. A scheme in New Zedlgermits the trading of credits from

forest carbon in a compliance scheme, but so fir mall quantities of forest carbon have
been traded.

To date, most market transactions on forest carbamcern the flows associated with

sequestering carbon rather than the service of gegnt storage of carbon in ecosystems.
Recently, however, a number of pilot projects ia tomain of REDD (Reduced Emissions
from Deforestation and forest Degradation) havenbstarted. These projects sell carbon
credits from reduced carbon emissions to the athwepgenerated by activities aiming to
reduce deforestation and/or degradation, hence dmtain the storage of carbon in an

ecosystem. Payments are made, in the case of REDDeducing emissions compared to a
baseline case representing business as usual emisges, i.e. with no REDD project in

place.

The market for both the sequestration and storagarbon in ecosystems is reflected in the
way carbon services are defined for SEEA Experialdatosystem Accounting (see Chapter
3). In order to establish a price for carbon, stfastimate may be based on the price raised in
voluntary markets. Potentially, when compliancéboarmarkets mature and further allow the
inclusion of carbon storage and/or sequestraticecosystems, new (generally higher) prices
raised in these markets may be used to value carbon

The valuation of ecosystem services may also bsidered through the analysis of markets
in biodiversity providing connections can be madéengen the market values of biodiversity
and the ecosystem services of interest. Marketezonihg biodiversity mitigation

mechanisms include mitigation banking of biodivigrscredits, programs that channel
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development impact fees and offset policies. Atlahinumber of biodiversity markets have
been set up that fulfil the basic characteristit® anarket: (i) the presence of buyers and
sellers; (ii) a traded unit, reflecting biodiveysitiii) a market clearing mechanism in which a
price is established; and (iv) an institutionaltisgt regulating the market and ensuring
compliance. The traded unit in these markets amenoonly credits related to species or to
acreage of habitat conserved.

Examples of emerging biodiversity markets are (Dn&ervation Auctions in Victoria,
Australia; (ii) BioBanking, New South Wales, Audi@aand (iii) Conservation banking (US).
These schemes allow establishing a surrogate mpricet for the biodiversity units traded in
such markets, but it needs to be kept in mindtti@prices of the units strongly depend on the
local ecological and institutional setting and thiatannot easily be translated to the value of
biodiversity in other places.

Overall, it may be that markets and trading schepnegide a good basis for estimating prices
for certain ecosystem services. However, careéslee to understand the extent to which the
institutional setting for these markets ensurestti@prices conform to assumptions regarding
market prices. In particular, it is important thhe prices generated from the markets and
trading schemes are incentive compatlén observation in this regard is that prices from
voluntary markets and prices due to regulation may equate to measures of societal
willingness to pay.

Revealed and stated preference methods

Revealed preference and stated preference metbod®mh-market ecosystem services have
been well developed in the environmental econotiitexature. Revealed preference methods
determine the value of an ecosystem service basambservations of related market goods.
These methods include the hedonic pricing, prodacfunction, travel cost, and averting
behaviour methods as described below. Rather teatying on behaviour exhibited in
existing markets, stated preference methods dependuestionnaires of experiments to
analyse individual preferences. Contingent valumatind choice experiments are the two main
types of stated preference methods. A short owsrgethese valuation approaches is also
presented below.

Many of these valuation methods have been usedtimate changes in consumer surplus
resulting from a proposed policy change or the egae level of consumer surplus for a
given environmental asset. Some caution is thezefi@eded when evaluating these models
and their associated values for use in an ecosysierounting context for the reasons
described in Section 5.3.

All of the revealed and stated preference methetis an some construction of a market
demand curve or use of an existing market with rmohetlying utility function. Consequently,
there is the potential that with further analysigsh® models from an exchange value rather
than welfare economic value perspective, theseocappes may provide data or functions for
use in developing estimates of exchange valuess®lin ecosystem accounting.

8 A scheme or process is said to be incentive cabipaf all of the participants fare best when thaythfully
reveal any private information asked for by the hzetsm.
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Production function methodsstimate the contribution of ecosystem servicepraauction
processes in terms of their contribution to theugabf the final product being traded on the
market. The general principle, i.e. disentangling tontribution from the ecosystem versus
contributions from other production factors, is lagaus to the use of the resource rent as a
proxy for the monetary value of provisioning seedc These methods require an
understanding of the links between ecosystem ss\wand the market product, for example
the link between the preservation of a wetland asdish habitat and the catch of fish.
Production function methods can also be used taevatdirect use values generated by
regulating services such as the storm and floodeption service, by disentangling their
contribution to the generation of outputs traded market.

Hedonic pricing methodanalyse how environmental qualities affects thegpeople pay for
market products or assets. For example, hedonithgrcan be applied to reveal the value of
local ecosystem services that contribute to theevalf a property, as in the case of urban
green space increasing local house prices. Inc#gs, hedonic pricing involves decomposing
sale prices of houses into implicit prices for taracteristics of the house (e.g. number of
rooms, size of the lot, etc.), other factors, aahl ecosystem services.

Hedonic valuation methods may also be used in nglicosystem assets, for example,
forests, where there are a range of possible aseshence a range of ecosystem services,
which each need to be priced. Hedonic valuatiorhia situation may also reveal option
values where there are possibilities to alter the af an ecosystem asset in the future. The
application of hedonic valuation analysis requaesifficiently large amount of data to permit
statistical identification of the relevant charaistics of the land areas to be captured,
including the availability of ecosystem services.

Averting behaviour methodare used as an indirect method to evaluate thengriess of
individuals to pay for improved health or to aveiddesirable health consequences. Averting
behaviour models are based on the presumptiopérgtie will change their behaviour and/or
invest money to avoid an undesirable outcome riegufrom ecosystem degradation. The
incurred expenditures provide an indication of ithenetary value of the perceived change in
environmental conditions.

Contrary to the replacement cost valuation metised @bove), the averting behaviour method
is based on individual preferences. For examplethi presence of water pollution, a

household may install a filter on the primary tapthe house to remove or reduce the
pollutant. It is necessary for households to bé falvare of the impacts on them resulting

from environmental changes in order for this mettwobe applicable. However, due to lack of

information, short-term focused behaviour and tbenglexity of assessment, the averting
behaviour method will often underestimate the valfiehe service as people may not be
aware of environmental concern or may be too incoorestrained to participate in averting

behaviour.

Travel cost methodare often used to value ecosystem services asstchath recreational
sites. These methods estimate the value of theystems services based on the amounts
consumers may be willing to pay as reflected indbsts of visiting a recreational site (e.qg.
transport costs, travel time, visiting time). Smggite travel cost models present difficulty in
determining the value placed on an ecosystem seorithe condition of a service provided at
a site unless the study is conducted over timethadservice and/or condition varies over
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time. Multi-site models employ a random utility imawork that can permit the researcher to
determine the value placed on an attribute comnurosa the recreational sites (e.g. how
much one would pay for an additional unit of beatith or beach length).

Generally, the studies using travel cost methodasmn estimating total willingness to pay
and hence the valuations incorporate measuremesunoé of the consumer surplus generated
for visitors to ecosystems. Depending on the methased it may be possible to derive
estimates from these studies consistent with exgghaalues or to establish studies that are
designed to estimate exchange values.

Stated preference methodie designed to capture information on peoplelbngness to pay
for ecosystem services without observing an acpmiment or transaction. The most
important approaches are contingent valuation dmice experiments. Contingent valuation
studies typically ask respondents to state a viilag attribute to a certain ecosystem asset,
ecosystem characteristic or ecosystem servicheowalue they place on a project that will
preserve that asset, characteristic or serviceicEhexperiments ask respondents to select
from a range of available options with varying leveof ecosystem services, and
corresponding prices for the associated bundleeofices. If designed correctly, this can
permit valuing different ecosystem attributes.

For each of these stated preference methods, thepsef the questionnaire is critical;
respondents need to be presented a credible cagepotential payment for an ecosystem
service. Econometric procedures can then be useevé&al monetary values on the basis of
choices or ranks.

The main advantage of stated preference methdtatisunlike other valuation methods, they
can be used to quantify the non-use values of asystem in monetary terms. These methods
can also be used to value ecosystem conditionsdihatot currently exist or ecosystem
services that may become available in the futuomti@gent valuation estimates are sensitive
to the specific framing of the questions elicitegtimates of willingness to pay. For example,
the sum of the values obtained for the individumhponents of an ecosystem may be higher
than the stated willingness-to-pay for the ecosgsts a whole. In addition, contingent
valuation measures may overestimate economic v#fluespondents do not believe they will
actually have to pay the amount they say they waoeldvilling to pay for a service (and are
therefore not incorporating their budget constjaiStudies using these methods typically
produce estimates of consumer surplus and thulkge$siould not be used directly to estimate
exchange values.

Approaches to modelling exchange values

A number of the valuation approaches describedelban be used to derive a demand curve
representing the willingness to pay for particildeosystem services (e.g. travel cost method,
averting behaviour method). Consistent with theussion on valuation concepts in Section
5.3, a possible step in the estimation of exchamafiges is the estimation of a supply curve for
the same ecosystem service. If this step couldbb®leted then the intersection of the supply
and demand curve would provide an estimated mapkiee, from hypothetical market.
Alternatively, it may be possible to use measuradngties of ecosystem service flows to
reflect the level of supply.
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An approach has been developed that seeks to dmgptghetical markets. The Simulated
Exchange Value approach has been proposed by aofeSpanish economists in the specific
context of accounting in the forestry sector. Thpraach aims to measure the income that
would occur in a hypothetical market where ecosgsgervices were bought and sold. It
involves estimating a demand and a supply curveHerecosystem service in question and
then making further assumptions on the price thatlevbe charged by a profit-maximising
resource manager under alternative market scendi@smethod then takes the hypothetical
revenue associated with this transaction (excludiveg associated consumer surplus) as a
measure of value of the flow of ecosystem serviteg Simulate Exchange Value approach
estimates the value of ecosystem services in tefi®tential revenue and can therefore
arguably represent a more consistent basis foudimal their value in national accounts
alongside monetary transactions.

Key measurement issuesin valuation
Measuring regulating services

Unlike cultural or provisioning services, the bigpittal performance of regulating services,
and thereby their economic value, is influencedhwystate of other ecosystems in a specific
area. For example, the relation between the areared with forest and the regulation of
downstream flood levels is non-linear: a small aaun of forest cover will not reduce the
service to a significant degree. In a watershedl waiit initially high forest cover, the different
plots have a low marginal value related to floodtoa: conversion of one or a few plots does
not lead to increased flood risks downstream. Hawnewhen forest cover is further reduced,
the impact of one unit of extra deforestation awod risk will often strongly increase. This is
typical for many regulating services. For ecosyst@toounting, this means that prices of
regulating services will normally be variable owéne as a function of the state of the
ecosystem.

The value of the regulating services will also vawer time as a function of economic
development: the more people who live in an arebheve their economic activity (including
consumption) supported directly or indirectly b tiegulating service, the higher the value of
the regulating service. In the most extreme cds& one is living in the area where potential
benefits of the regulating service arise, the emgbasalue of a service may be zero. To reflect
these population and demand changes, estimatéisefealue of regulating services will need
to be updated for every accounting cycle.

Aggregation

For the purposes of ecosystem accounting, the aersdion of valuation must go beyond
determining appropriate approaches to the estimatib prices and value for individual
ecosystem service flows. To integrate monetarymegdis of ecosystem services within
broader accounting frameworks it is necessary tetiake aggregation. Aggregation itself
must be considered from a number of different petipes: (i) aggregation of the value of
different ecosystem services within a single ecesys (i) aggregation of the value of
ecosystem services across multiple ecosystems(iigrajgregation of the value of expected
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ecosystem services flows to provide an estimatthefvalue of an ecosystem asset. Each
potential aggregation is considered in turn. Ihdded that at each level of aggregation the
complexities involved and the assumptions requireckease since the challenges of
estimation at the level of an individual ecosystimmot diminish when considered at a larger
scale.

Aggregation within a single ecosystem

Assuming that valuation of ecosystem services ssitde, in concept the logic in aggregation
here is akin to the addition of values of outputniran enterprise that produces a range of
different outputs. Thus, for a given accountingiqgebr it should be possible to sum the
estimated value (price times quantity generatedgéah ecosystem service. This may be able
to be used to compare the value of ecosystem sarpimvided by different ecosystems and
also allows the relative value of different ecosygstservices within an ecosystem to be
compared.

While simple in concept, this approach assumesethelt ecosystem service is independent or
that the value of each service is net of the adddde from interdependent services. In
practice, it may be difficult to isolate ecosysteetvices in terms of their price and quantity.
Aggregation of this type should ideally take intmsideration cross-ecosystem dependencies.
If dependencies between ecosystem services ataekest into account there is the potential to
double count the contributions of individual ecdeys services. Resolution of these issues is
likely to require a thorough understanding of tekevant ecosystem processes in physical /
scientific terms and understanding of the contidng of ecosystem services to human
wellbeing. Ongoing research into bundling and stagkissues in ecosystem service
measurement may provide guidance in advancingtigsegation issue.

Aggregation within an ecosystem may be complic#tedugh the use of different methods of
pricing for different ecosystem services since dlerall valuation basis may become more
difficult to determine. Nonetheless, to the extdmt each method used applies the same
valuation basis, e.g. market prices, then the éxtiethis complication may be more limited.

It is observed that the meaningfulness of the tiegusum of values of different ecosystem

services depends on the coverage of the measuosystem services. In cases where the
measured ecosystem services do not provide avedlattomplete coverage of the set of

ecosystem services then the overall value will béinsited usefulness. In this regard, the

comprehensive measurement of ecosystem services flovphysical terms is an important

starting point.

Finally, the meaningfulness of the sum of valuedl i affected by the consistency in
approaches to valuation of individual ecosystemvises. Certainly, where different
approaches provide estimates relating to diffevahiation concepts (i.e. exchange value or
welfare economic value), the resulting aggregaté<we difficult to interpret. However, even
in cases where a consistent valuation concept ptiegaly the use of different measurement
approaches for different ecosystem services méylesid to gaps and overlaps in valuation
that need to be considered.
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Aggregation across ecosystems

Aggregation across ecosystems, for single or maltgrosystem services, encounters the
same issues outlined above and the additionalesig®l of value transfer, to the extent that
direct valuation of each ecosystem service in eadsystem is not possible. In general terms,
value transfer involves using information from agle ecosystem to estimate values in
another similar ecosystem after adjusting for ussioharacteristics such as size, proximity to
population centres, etc. Value transfer is disalifgeher in the following sub-section.

As the range of ecosystem types increases andeasuthber of ecosystems and ecosystem
services analysed increases, the aggregation issliéggcome more complex. Depending on
the analytical questions under investigation thep sof aggregation should be undertaken
cautiously. It may be of interest to aggregatevillees of a single type of ecosystem service
that is generated from a number of different edesys (e.g. carbon sequestration services
across all ecosystem assets). This type of aggoegatlikely to still require rules appropriate
to the service measured (e.g. summary, averaghograting) and the use of value transfer
methods but the focus on a single ecosystem selimits the impact of issues that arise in
the aggregation of different types of ecosystemises.

Aggregation to create values for ecosystem assets

For certain purposes it may be relevant to compibasures of the value, in monetary terms,
of ecosystem assets. The motivations and limitatioh undertaking this compilation are
discussed at some length in Chapter 6. For theogespof discussion here, the starting point
in estimating aggregate values of ecosystem assést the expected future flows of each
ecosystem service can be valued and then discotmtee current period. This derives a Net
Present Value (NPV) based estimate of ecosystertsaasd follows the same accounting
logic as applied in standard asset accounting.

The measurement of NPV based estimates of ecosysteats raises a number of challenges.
These include:

(i) The need to make assumptions as to the compositifuture ecosystem services
flows. Most likely it is only relevant in an accding context to determine this
composition based on a continuation of busineassaal rather than developing a
range of alternative scenarios for the use of tesystem. (The development of
alternative scenarios for analytical purposes &sifide as an extension of the SEEA
Experimental Ecosystem Accounting.)

(i) As part of developing expected estimates it is s&aey to formulate an asset life —
i.e. the expected period of time over which thesgstem services are to be
delivered. Given the potential for ecosystems generate, implicit in determining
an asset life is some view on the extent to whighdelivery of the current set of
ecosystem services is sustainable. (It is notedpthiats (i) and (ii) are necessarily
related challenges).

(i) As with aggregation within ecosystems, understapditependencies between
ecosystem services and assets and these depesdentiiéure periods remains a
challenge. Ideally not only would relationshipskmown in the present period but
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also how these relationships might change in thieréutaking into account the
likely non-linearities involved. (It is noted theglevant knowledge should also be
considered in point (i) and (ii).)

(iv) Derivation of NPV estimates requires the selectiban appropriate discount rate.
This is not straightforward and depending on thetext may require consideration
of various equity and other social issues includimgrgenerational equity. The
SEEA Central Framework discusses discount rates camtludes that for the
purpose of alignment of SEEA values with the SNAisitnecessary to select
marginal, private, market based discount ratesRN Malculations. This may not be
considered appropriate for ecosystems as a whotseviialue may be considered
not properly reflected at the margin.

Given all of these considerations, careful thowftduld be applied before applying standard
NPV approaches to the valuation of ecosystem ad3efgending on the analytical and policy

requirements, aggregate measures of ecosystens asagtnot be required. It is also noted

that where integration of values for ecosystem tasaéth the values of other assets (e.g.
produced assets such as buildings and machinespn@ngroduced assets such as land) is
intended, care should be taken to ensure that éheey of expected flows of ecosystem

services and the expected flows of income from pred and other assets can be
disentangled. This may be particularly relevanhssessing the value of land as distinct from
any associated ecosystem asset.

One motivation for undertaking these valuationsoigletermine the change in the value of

ecosystem assets and hence to derive measuressyStan degradation in monetary terms.

Issues concerning the definition and measuremergcosystem degradation in monetary

terms are discussed at length in Chapter 6. lbischhere that measurement of the change in
the value of ecosystem assets still requires cerdidn of all of the factors listed above and

cannot be simply related to movement in the prares quantities of ecosystem services in a
given accounting period. Under this approach tesgstem degradation it is the change in the
full time series of expected ecosystem servicegdlthat is important.

Benefit transfer

The discussion of valuation for ecosystem accogniifocused on the development of
estimates in monetary terms for large regions auntiges that may be used for the
development, implementation and/or monitoring oblfupolicy. Much work on valuation
has focused on the valuation of ecosystems ang/stens services in smaller, more targeted
settings for specific ecosystems or in relatiopddicular events, for example the valuation of
damages caused by oil spills. Consequently, mutd afathe value of ecosystem services is
fragmented, covering only specific services ovéarge area, or multiple services in a more
confined area, or changes in the flow of ecosystemvices following a specific event. In
general, great care must be taken when value ds8nfiar ecosystem services or ecosystem
assets are extrapolated to other areas.

There are three main types of approaches to barefisfer: value transfers, benefit function
transfers and ‘meta-analysis’ function transfersiafue transfer takes a single estimate of the
value of an ecosystem service, or an average efalkevalue estimates from different studies,
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to estimate the value of an ecosystem servicedifferent context. Rather than transfer the
single estimate of value, a benefit function trandakes the function estimated from a
primary research study in one context and appliesni another context. A more
comprehensive way to carry out benefit transfertoisise meta-analysis, which takes all
existing studies and then estimates a relatiortblaipgives changes in the values of ecosystem
services as a function ofter alia, site characteristics, attributes and size of faijfmun
affected, and the type of statistical method usdatié analysis of existing studies. This is then
transferred to the new application in a procedeferred to as meta-regression-value-transfer,
which gives a range of values to the new applicatitepending on the characteristics
embedded in the meta-regression.

This approach is well suited to developing estimdte additional sites but may need to be
supported with other techniques in order to proésdimates at larger scales, including at the
national level.

The values provided by ecosystem services are sftengly dependent on the biophysical,
economic and institutional context, which makedifficult to assume that value estimates of
specific services apply also in a different conté&urthermore, ecosystems are likely to be
highly interdependent. The value of one unit of esosystem is therefore likely to be
contingent on the existence or proximity of otheosystem components. In these situations,
asset values are known to be interdependent r#ther unique (as is the case with values
revealed on regular markets). Given the likelihadddifferences in quality of ecosystem
services between ecosystems, a simple value tramsded on average prices is unlikely to be
appropriate and meta-analysis function transfedikely to be required.

At the same time, the number of point estimategatife or functions available for transfer is
dependent on the type of ecosystem service beingiadered. For example, while there are
many studies of recreational use, there are nohasy studies on the value of wetlands.
Different valuation studies are also often basedlifferent assumptions and using different
methodological constructs leading to differing levef confidence in the estimates produced.
Given, the limited data points for certain ecosystservice types, the variability in
approaches and the lack of common functional veesabcross studies, benefit transfer is
prone to a high degree of uncertainty, particuldrlgone poorly. Therefore, there must be
focus on increasing the number of observationsdiffierent valuation studies to improve the
overall quality of outcomes, in addition to effortémed at improving benefit transfer
methods.

Uncertainty in valuation

There are significant sources of uncertainty insgstem accounting. These can be grouped in
four main categories: (i) uncertainty related toygibal measurement of ecosystem services
and ecosystem capital; (ii) uncertainty in the a#ibn of ecosystem services and assets; (iii)
uncertainty related to the dynamics of ecosystamschanges in flows of ecosystem services;
and (iv) uncertainty regarding future prices andiga of ecosystem services.

(i) Uncertainty related to physical measurement of gst@sn services and ecosystem
assets- It is clear that, given data scarcity for mampsystem services, physical
measurement of the flow of ecosystem servicesaitiqular at aggregated levels, is
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prone to uncertainty. Most countries do not coesity measure flows of
ecosystem services at an aggregated (national em esub-national) scale, and
services flows need to be estimated on the baspgooft based observations in
combination with spatial data layers and non-spataistics. At the same time, it is
noted that information related to flows of provising services are generally,
readily available.

(i) Uncertainty in the valuation of ecosystem servamed ecosystem asset# second
source of uncertainty relates to the monetary valfiecosystem services. For
provisioning services, a key aspect is that attiigua resource rent to ecosystems
involves a number of assumptions regarding reneigged by other factors of
production. For non-market ecosystem services, dften difficult to establish both
the demand for these services and to reveal thehsug these services by
ecosystems, in particular at an aggregated scale.

(i) Uncertainty related to the dynamics of ecosystemd aehanges in flows of
ecosystem services Establishing the value of ecosystem assets nexjunaking
assumptions regarding the supply of ecosystemcgnaver time, which in turn
depends on the dynamics of the ecosystem. Changesystem assets will often
be reflected in a changed capacity to supply etesysservices. It is now
recognised that ecosystem changes are often suiddeiying thresholds at which
rapid and sometimes irreversible changes to a wesystem state occur. Predicting
the threshold level at which such changes occoonsplex and prone to substantial
uncertainty.

(iv) Uncertainty regarding future prices and values abgystem services Pricing
benefits and costs that may accrue in the farigtaure is complex because it is
extremely difficult to predict our circumstances the future. The ecosystem
implications of humanity’s continuing modificatiarf the climate and landscape are
uncertain, and those implications are likely batlatfect and to depend on how the
future evolves. Uncertainties concerning valueseuen greater inasmuch as the
methods of nonmarket valuation compound errorsiimation.

5.130 The best strategy to deal with the sources of saicgy will vary by country as a function of
data availability and relevant services selectadefmsystem accounting. Given the limited
experience to date in analysing ecosystem serindesth physical and monetary terms at the
national level, the approaches to limiting theseeutainties and maximise the robustness of
ecosystem accounting will need to be further dgyasioonce more practical experience with
ecosystem accounting has been gathered and ewvhluHte experiences gathered with
national level assessment of ecosystem serviceplyswgpe also highly relevant in this
contexf® and thus it is important that all projects provitiear information on the scope of the
ecosystem services that have been valued andlévaméeassumptions and uncertainties.

% see for example the UK National Ecosystem Assess(2810)
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Chapter 6: Accounting for ecosystemsin monetary terms

Introduction

Accounting for ecosystems in monetary terms is raportant consideration in ecosystem
accounting since a common objective is to bringetogr information on ecosystems with
measures of economic activity which are usually suesd in monetary terms. One way of
bringing this information together is to create tdmed presentations that combine measures
in physical terms for ecosystem services and et@sysssets with standard economic
measures such as value added, income, and employfaifowing the descriptions in
Chapter 6 of the SEEA Central Framework, these aoedbpresentations may take a variety
of forms depending on the topic or question ofresé They may be particularly appropriate
in cases where valuation in monetary terms is wssible for some accounting entries but
relevant physical information may still be of uSection 6.2 describes relevant measurement
issues.

A second way of considering ecosystem accountingnémetary terms is to bring together
valuations of stocks and flows of ecosystem aga#&isan ecosystem asset account following
the standard asset account structure outlined enSEEA Central Framework. Although
seemingly straightforward, the development of avsgstem asset account in monetary terms
does require the use of some significant measureassamptions, most prominently that it is
possible to derive the economic value of ecosystesets as the sum of the discounted value
in monetary terms of the future stream of ecosyssemvices. Section 6.3 discusses the
relevant assumptions and approaches, with a plktidecus on the measurement of
ecosystem degradation in monetary terms.

A third approach is to use valuations of ecosystemices and ecosystem assets in monetary
terms to augment the standard national accountsaggdegates. There are a number of
motivations for considering this integration geigraround the notion that in a number of
situations it is beneficial to provide informatiem economic and other human activity that
take place outside the market and/or is not recbidehe standard economic measures of
production, consumption, income and wealth. Praygjdihis information in a manner that
relates directly to the standard economic meassigedficant aids analysis and interpretation.
It is therefore usual for work in this area to sfeom the concepts and structures of the SNA
and seek to find ways in which alternative predeia and aggregates may be formulated.

This chapter introduces possible areas of integrabetween ecosystem accounting and
standard presentations of economic accounts biltedalely refrains from providing specific
recommendations. This is done for a number of reaso

(i) First, there are differing views about the meanihgfss of integrated measures and
accounts in light of the assumptions required faluation in monetary terms and
consequently, about the ability to use integrategsures and accounts for policy
purposes.
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(i) Second, there are concerns within the officialistias community about whether
the types of adjustments and extensions to the SdAare commonly described
fall within the purview of official statistics.

(i) Third, there has been no definitive conclusion lie technical discussion on
integration of ecosystem accounting with the SNAl afternative presentations
may be justified depending on the particular envinental situation or question of
policy interest.

(iv) Fourth, there remains a range of significant meamsent challenges.

Notwithstanding these concerns, SEEA Experimentebsistem Accounting would be
incomplete without placing in context consideraldfort that has been devoted to
conceptualising adjustments and extensions to ¥ 8 is therefore appropriate that the key
measurement issues in accounting for ecosystemsoiretary terms are introduced in this
chapter. This is done in Section 6.4.

The discussion of combining ecosystem accountinth wstandard national accounts is
increasingly relevant as countries, both nationaliyl multi-nationally, are recognising the
scarcity of some ecosystem services and are demglgwlicy instruments to manage this
scarcity. Where new property rights are establistied new transactions arise, there is an
overlap between the aim of adjusting for environtaenoncerns and the inclusion of these
transactions in the existing framework of the SNus, for example, the treatment of
payments for tradable emission permits is an ingmbrissue for the SNA as there are actual
transactions, assets and liabilities that museberded. To the extent that ecosystem services
are “internalised” in the SNA, there is need to emsthnding the changing measurement
boundary.

Combined presentationsfor ecosystem accounting
Introduction

Combined presentations are a way of assessing ebamgtocks and flows of ecosystems in
the context of standard measures of economic #ctivithout undertaking the step of

valuation of ecosystem services and ecosystemsags@honetary terms. An example of a
combined presentation is one comparing expenditoresnvironmental protection for a

specific ecosystem asset with changes in ecosystewition in physical terms for the same
ecosystem asset.

In combined presentations for ecosystem accourtiagmost significant area of interest is
likely to cover linking physical measures of ecdeyss with standard economic transactions
that are considered related to the environment. SEEA Central Framework Chapter 4
covers the recording of the relevant transactiogs () describing the compilation of
Environmental Protection Expenditure Accounts (EPBAd statistics on the Environmental
Goods and Services Sector (EGSS); (ii) definingirenmental taxes and environmental
subsidies and similar transfers; and (iii) outlgnthe general treatment of payments for access
to or use of natural resources and the environment.

All of the definitions and treatments for thesensactions as outlined in the SEEA Central
Framework apply equivalently in SEEA Experimentab&ystem Accounting. This reflects

138



6.10

6.2.2
6.11

6.12

6.13

6.2.3
6.14

that the treatments in the SEEA Central Framewoeketaborations of the treatments of the
transactions from a standard SNA perspective agicktis no requirement to adopt alternative
treatments of the same transactions for ecosysteouating.

At the same time, since ecosystem accounting reptesa different perspective on
environmental accounting more generally, this sectiutlines some particular aspects of the
general treatment of transactions related to the@mment that are likely to be most relevant
when assessing ecosystems. The particular aspgtiteed are: information on environmental
activity; linking ecosystems and ecosystem servicesconomic activity; and the treatment of
payments for ecosystem services.

Information on environmental activities

As defined in the SEEA Central Framework, environtakactivities are either environmental
protection activities or resource management digtsvi These are economic activities within
the production boundary of the SNA that have a prninpurpose of either the prevention,
reduction and elimination of pollution and othernfiz of degradation; or preserving and
maintaining the stock of natural resources. Geheriilhas been expenditure on these types
of activities that has been the focus of accountivggvever, increasingly there is interest in
measuring the production of environmental goods serdices, i.e. those products produced
for the purpose of environmental protection or uese management and relevant adapted
goods. (For details see the SEEA Central FrameviZhkpter 4).

From the perspective of ecosystem accounting timerng be particular interest in combining
information on ecosystem services and ecosystegtsagsth information on expenditure on
environmental protection or resource managemettielinformation is organised on the same
spatial scales this would facilitate the monitorofgthe effect of expenditures on changes in
ecosystems. For example, information may be orgdnisy type of LCEU, combining
information on expenditure to restore coastal vmeldawith information on associated changes
in ecosystem conditiot.

At a national level, it may be useful to focus be tlevelopment of expenditure accounts for
subsets of environmental protection and resourceagement activity that are particularly
focused on the maintenance and restoration of etawsg. The compilation of targeted
statistics on the production of ecosystem relatedrenmental goods and services, with the
framework of statistics on EGSS, may also be @rggt. These statistics would, for example,
provide information on the share of overall valggled contributed to the economy through
the production of goods and services that are dedigspecifically for the protection or
management of ecosystems.

Linking ecosystems and ecosystem servicesto economic activity

Although the focus of ecosystem accounting is ofiarthe additional services provided by
ecosystems, there is also interest in understaridengignificance of the relationship between

7t may be difficult to allocate survey data colletttat national level to specific ecosystem as3éiss, it may
be necessary to consider alternative approachesllecting site specific expenditures, for examisieough
administrative sources.

139



6.15

6.16

6.17

6.24
6.18

6.19

6.20

ecosystems and standard measures of economidydivch as GDP. For example, it may be
of interest to understand the contribution of estew services to agricultural production.

A useful approach is to spatially disaggregate mmessof economic activity, perhaps using
information on land use or land ownership, such flbas of ecosystem services and changes
in ecosystem assets can be related directly to uresmof output, employment and value

added in the same spatial areas. (It is notedthigamost appropriate spatial boundaries will
vary for different ecosystem services and this nm&ed to be taken into account in

interpreting any detailed spatial information.) Aduhal benefit would be gained by also

integrating estimates of population at fine geofgi@apevels. Increasingly, socio-economic

data are being organised at this level of det@ilgu&1S and related techniques.

The allocation of economic activity to small sphtaeas can be conceptually difficult and
may require the use of various indicators. For g}apnthe ideal spatial allocation of transport
activity is not obvious. Therefore, it may be maseful to commence with identification of
measures of economic activity for those industaieg activities for which a clear link can be
established between an ecosystem and the locatfiotheo production — for example,

agriculture, forestry, fishing, and tourism. Thigformation may be of particular use in
considering the allocation of ecosystem degraddati@conomic units.

Where links between economic units and particutasgstems can be established, it is also
possible to consider integrating information onaage of other transactions that may take
place in relation to the economic activity. For myde, payments of certain environmental

taxes, payments of rent on natural resources, patgnoé environmental subsidies and similar

transfers may be combined with standard econondizators and indicators of ecosystem

services and assets to provide a more completaergicf the relationships between a given
ecosystem and the economy.

Treatment of paymentsfor ecosystem services

A specific case of a link between ecosystems ar@hauic transactions is the case of
payments for ecosystem services (PES). PES havedafmed as voluntary and conditional
transactions over well-defined ecosystem servietsden at least one supplier and one user
(Wunder, 2005). In the context of PES the paymertate to ecosystem services that
contribute to non-SNA benefits. It is assumed thate ecosystem services that contribute to
SNA benefits are already captured in current tretimas.

Since PES are monetary transactions in scope dbMi# their accounting treatment should
follow the SNA. To a large extent this will depend the nature of the scheme that is in
operation. Notwithstanding their general title, payments are made to the ecosystem
generating the relevant ecosystem services. Raghgment is made to an economic unit who,
in return, undertakes various remedial actionshanges patterns of use of the ecosystem
(including potentially not undertaking economiciwity), with the objective of maintaining or
increasing the supply of ecosystem services.

Given the conceptualisation for ecosystem servited has been developed in SEEA
Experimental Ecosystem Accounting it is reason&bleonclude that any payments reflect the
“marketisation” of flows that might otherwise bensidered outside the scope of the SNA
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production boundary. The corollary is that wherer¢his no transaction or payment then the
ecosystem services are not within scope of the SNAhis sense PES represent an extension
of the production boundary and the output of thenemic unit receiving the payment should
be increased. It is noted that, the economic umiy mso be required to incur current and
capital expenditure and these are likely to beaalyerecorded following SNA accounting
practices.

The situation is analogous to the treatment of ghevision and consumption of services
within the home. Following SNA, child care by paemt home is considered outside the
production boundary, but where child care serveresprovided by economic units in return
for money (or similar) the activity in consideredide the production boundary.

In a combined presentation, a spatial organisatibrinformation is relevant. For given
ecosystems a combined presentation may show floW&S together with information on the
flows of ecosystem services and measures of eesyassets. In addition, where payments
are made for the undertaking of ecosystem maintenan restoration activity, it would be
relevant to link this information with informatioan expenditure on these activities (see
previous sub-section) and ensure consistent adoguott the relevant transactions.

Accounting for ecosystem assetsin monetary terms
Introduction

The measurement of changes in ecosystem assets) padicular ecosystem degradation, is
an important component of environmental-economicoanting. Using the framework for
asset accounts as described in Chapter 5 of thé SeBtral Framework, this section outlines
the possible structure of an ecosystem asset actooonetary terms.

Underpinning the development of an asset accoutti@sapplication of the standard asset
accounting model as applied in the case of prodasseéts. In short, this application of the
model requires that the values of ecosystem sefflaves are interpreted as analogous to
income flows. Since the set of ecosystem servioedl described in SEEA Experimental
Ecosystem Accounting contribute to both SNA and-8biA benefits, it implies that the
production boundary, and the associated boundafiesnsumption and income, are broader
in SEEA Experimental Ecosystem Accounting compaoeitie SEEA Central Framework and
the SNA. The extension of the income boundary essthrat there is alignment between the
characterisation of the asset and production baiexla

The application of the standard asset accountindeimim ecosystem assets raises numerous
concerns that must be considered before undertakicly an accounting exercise. A particular
concern is related to comparison and aggregatimsawarious types of assets (e.g. produced
assets, environmental assets, human capital). Whenvalues of ecosystem assets are
estimated in monetary terms it becomes possibtengare and aggregate these values across
asset types because the same measurement unityjnienesed. Comparisons between the
various asset values may lead to misleading coiecissegarding sustainability since it may
be implied that the various asset types, includiogsystem assets, can be readily substituted
for each other without leading to a loss in therallevalue of assets.
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Following the introduction of a possible structafean ecosystem asset account in monetary
terms, most of this section is devoted to discuseitthe valuation of ecosystem degradation.
This has been a significant focus of work over mgegrs and the key elements of the
discussion are summarised. The discussion buildhediscussion of ecosystem degradation
in physical terms in Chapter 4 and readers arewnged to review that material before
considering valuation issues. Overall, there agniicant conceptual and measurement
challenges involved in developing ecosystem asssdumts and this section is intended to
introduce the possibility rather than recommend tb@mpilation.

The structure of ecosystem asset accounts

The standard asset accounting model permits thelamwent of estimates of the total value
of an ecosystem asset in monetary terms. In conttepvalue of an ecosystem asset may be
considered to be equal to the discounted valuepécted ecosystem service flows. These
discounted values provide the opening and closatignates of ecosystem assets in monetary
terms and can be presented in the form of an assetnt following the structure described in
the SEEA Central Framework.

The basic structure of an ecosystem asset accowtioiwn in Table 6.1. Since the estimates
are compiled in monetary terms, estimates for difie ecosystem assets can, in theory, be
summed to provide higher level aggregates. Thernmdtion might also be presented in
combination with information in physical terms.

Table 6.1 Stylised Ecosystem Asset Account Entriesfor an EAU

Ecosystem accounting unit

Opening stock

Additionsto stock

Regeneration - natural (net of normal naturssés)

Regeneration — through human activity

Reclassifications

Total additions to stock

Reductionsin stock

Reductions due to extraction and harvest ofuess

Reductions due to ongoing human activity

Catastrophic losses due to human activity

Catastrophic losses due to natural events

Reclassifications

Total reductions in stock

Revaluations

Closing stock of ecosystem assets

Ecosystem degradation is not shown explicitly ie #sset account as it represents the
differences between various additions and redustionecosystem assets, particularly those
related to reductions due to extraction and harveductions due to ongoing human activity
and regeneration. Reductions due to ongoing hunwivitg relate to the impacts on
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ecosystem assets of pollution, emissions, landersions, and other examples of use that are
not considered as the extraction of resources.xpkimed in Chapter 4 there are a range of
perspectives that may be taken with regard to etesydegradation, especially in relation to

the accounting treatment for ecosystem conversieagher discussion on the measurement
of ecosystem degradation in monetary terms is ptedan the following sub-section.

The value of ecosystem degradation is only pagcsbunting for the change in value of the
ecosystem over an accounting period. A completesystem asset account also requires
consideration of changes in an ecosystem over@uating period due to

* Major regeneration through ecosystem enhancement

» Losses attributable to significant natural causeas, floods, fires, etc
* Reclassifications

* Revaluations

Major restoration of ecosystems during an accogmpieriod should be recorded separately as
an addition to ecosystem assets. This may occurgxXample, when major replantings of
native species in deforested areas are undertdkaor restorations of degraded ecosystems
should be considered distinctly from relatively tonous patterns of re-planting that may
take place as part of forestry operations. Finatigjor restorations should not be considered
an “offset” to reductions in ecosystem assets dueatvesting of timber and other resources
in other ecosystem assets since the impacts citothe of ecosystem services from different
ecosystem assets are not likely to be directly cyaige.

Accounting for major restorations of ecosystemates to a standard national accounts entry
for expenditures on land improvements. Expenditoresuch restorations constitute a type of
gross fixed capital formation and are includedhie &ccounts valued on the basis of the costs
of undertaking the improvements. In a set of augetemational accounts, care should be
taken to appropriately integrate these flows ofitefjiormation with changes in the value of
the related ecosystems.

Measuring ecosystem degradation in monetary terms
Valuing ecosystem degradation using expected gemsyservice flows

Since in monetary terms an aggregate value foraggescosystem services flows is derived,
the most straightforward approach to measuringystes) degradation is as the change in
value of expected ecosystem service flows overcanumting period. However, in the case of
ecosystem conversiotighere is a change in the basket of ecosystemcssnand hence the
change in value of expected flows also incorpor#teseffects of changes in expectations.
Depending on the purpose of analysis it may or matybe reasonable to incorporate these
effects in measures of ecosystem degradation.

% Ecosystem conversions refer to cases where thaatksstics of a particular spatial area changeificantly.
For example, a forest area may undergo a convetsiagricultural land.
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Restoration cost

Reductions in ecosystem condition represent oneschspf ecosystem degradation. If
ecosystem degradation is considered to relate tonfgductions in ecosystem condition then
the perspective taken is one in which the ecosysteset is considered as a whole. In this
case, ecosystem degradation is conceptualised imggnegate sense rather than being
considered in terms of separable ecosystem sefteiws. The most common approach to the
valuation of ecosystem degradation in this situeiioto estimate the restoration cost — i.e. the
estimated expenditure required to return the etesyssset to the condition that existed at
the beginning of the accounting period.

There is a range of concerns about the use oftaradion cost approach. These include that
the implicit price does not reflect a market priteat it is unclear whether the ecosystem
should or could be restored to a previous conditial that the use of an aggregated approach
is not conducive to a full allocation of costs éewant economic units.

At the same time the approach is a direct measiira possible value of ecosystem
degradation that can be estimated in a manner cofgnused in the estimation of the value
of public goods in the national accounts. Furttesen if not used to value degradation,
estimates of restoration cost may be of interesteir own right.

Damage-based and cost-based values of ecosysteaddéagn

Historically, the discussion on the measuremergaoisystem degradation in monetary terms
has revolved around whether the matter should peoaphed from the perspective of “how
much damage is caused by ecosystem degradatioo-called damage-based estimates; or
whether it should be approached from the perspedfv‘how much would it cost to avoid
ecosystem degradation” — cost-based estimates.eTlvas no expectation that estimates
obtained from the different perspectives should@jralalthough the extent of ecosystem
degradation in physical terms was assumed to bsaim in each case. The differences and
the relevant accounting implications are describagktail in Chapters 9 and 10 of the SEEA-
2003.

Consideration of ecosystem degradation in the gbmteecosystem services does clarify the
scope of damage-based and cost-based perspedivessignificant degree. Thus damage
based assessments should focus on the value okdoetion in the capacity to generate
ecosystem services, and cost-based assessmentd $hous on the cost of avoiding or
modifying the human activity that is causing th@sstem degradation (avoidance costs).
These two values may be quite different althoug¥irftaboth may be useful for informing
policy options.

Damage-based assessments are likely to includegeban the value of other assets (e.g.
buildings) that may be due to a degraded envirommantheory, these declines in value
should have already been accounted for in the atdn@&NA asset accounts as either
consumption of fixed capital or other changes itune. In practice, ensuring that extent of
damages is appropriately attributed to assets thattthey are only recorded once is likely to
be a complex accounting exercise. It is necessappnsider (i) whether the changes in the
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ecosystem are normal and long lasting, (ii) thiedges to related effects such as productivity
and human health which may or may not be capturettté SNA, and (iii) the relationship
between the value of an ecosystem service andaibie wf the benefits to which an ecosystem
service contributes. Overall, integration of dambgsed measures of ecosystem degradation
within standard national accounting requires afaaeeticulation.

Allocation of ecosystem degradation to economitsuni

Whatever approach taken to the measurement of gemsydegradation, there may be interest
in understanding the relationship between ecosysdegnadation and specific economic units
— enterprises, households, and governments. Inrégiard a choice must be made as to
whether the measures of ecosystem degradation fetary terms are allocated to economic
units in terms of the ecosystem degradation thesseadhrough their economic and human
activity (activity based allocation), or the cosisy incur (in terms of lost income) as a result
of degradation (receiver based allocation).

Allocation of ecosystem degradation to economictsurdon a receiver basis requires
assumptions concerning the relationship betweenauiz units and their use of flows of
ecosystem services. Allocation to economic unitaimctivity basis will require assumptions
about the relationship between the causes of detjpad and economic units. These
allocations may be difficult because there will beta neat spatial relationship between the
location of an ecosystem asset, the location okttmomic units that cause the degradation,
and the location of the users of the ecosystemicgsv Further, it may be necessary to
understand and account for differences betweentithe at which ecosystem degradation
occurred and the time at which the impacts of thgraldation were felt by the various
economic units.

Integration of ecosystem accounts and economic accountsin monetary terms
Introduction

This section introduces three ways in which ecesysiccounting information may be used to
augment the economic accounts of the SNA:

(i) The compilation of balance sheets that compare@dhees of ecosystem assets with
values of produced assets, financial assets (atnlities), and other economic
assets. This approach also brings into considerafiproaches described in the
literature as wealth accounting.

(i) The compilation of a sequence of economic accaakiag into account ecosystem
services and other ecosystem flows, especiallyystas degradation;

(i) The derivation of aggregate measures of econontigitygc such as income and
saving, that are adjusted for ecosystem degradation

The extent to which estimates of ecosystem servieessystem degradation and related
measures can be used to augment standard econoagiongs depends on the underlying

approach taken to the conceptualisation of ecasystesets and ecosystem services. Where
the value of ecosystem assets is conceptualiskeimag directly related to expected ecosystem

145



6.44

6.45

6.46

6.47

6.48

6.4.2
6.49

6.50

service flows, there is the potential to develoggnated sequences of accounts, degradation
adjusted measures and balance sheets. Where thid donnection is not assumed such
augmented accounts cannot be compiled.

It must be recognised that the augmentation ofdstaheconomic accounts does not imply
that there is a simple extension or addition ofsgstem accounting information. Rather, there
are many entries in the standard accounts that beust-considered in the light of efforts to
highlight ecosystem accounting flows and care rbestaken to ensure that, where relevant,
an appropriate partitioning of accounting entradses place to avoid double counting.

This section introduces what may be possible budibelately refrains from providing
recommendations. This is done for the reasonsnautlin the introduction: differing views on
the meaningfulness of augmented accounts, conedrmst the link to official statistics, the
size of the measurement challenges, and the lac&raflusion to the technical debate among
accountants as to how any augmentation shouldpiake.

A further general concern from an accounting pastipe is the extent to which the estimates
used to populate accounting frameworks are basedireotly observed data or based on
outputs from a modelling process. Generally, thstittion is a matter of degree since all
national statistics require assumptions of varkings to aggregate detailed observations. At
issue is the robustness of the assumptions andualkdy of the modelling. This will vary
from case to case.

While there are a number of concerns at a techaiw@linterpretative level, it is important that
work that has been undertaken to augment the stnddional accounts is placed in the
correct context such that those working in thaaarethose seeking to understand the work
have a basis for their deliberations.

Work on adjusting or extending SNA income accoamd balance sheets must be considered
in the context of the objectives, concepts and oreasent challenges outlined in Chapters 1-
5 of this document. Three aspects in particulartrbashighlighted. First, adjustment requires
assessment of ecosystems in physical terms. Se@uljdstment or extension requires
valuation technigues to be used to derive estimatemonetary terms. Third, adjustment
requires aggregated measures of ecosystem seavidescosystem assets.

Balance sheets and wealth accounting

Measures of wellbeing and progress are often cereidin the context of sustaining a broad
stock of assets, capital or wealth. In broad temved|being is said to be sustainable if the
stock of assets is hon-declining over time. Variowslels can be found in the literature which
include economic, environmental, social, and hucepital. In some cases the different types
of assets may be aggregated in monetary terms mhied together to form composite
indexes.

Broadly, there are three approaches that havedmerioped to estimate the stock of assets in
monetary terms. The first is to use the generahriza sheet framework of the SNA and

extend the coverage to incorporate the value cfefassets that are not considered economic
assets in the SNA. The approach to the valuatioecofystem assets using exchange values
as described in Chapter 5 is consistent with thg@ach. The second approach, consists of
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modelling a total value of assets, for example gisihe net present value of future
consumption, and then decomposing this total vahiie various asset types. This is the
essence of the approach referred to as compreleewsiaith accounting or genuine savifiys.
The third approach is to estimate shadow pricesalfaf the asset types, including ecosystem
assets. As explained in Chapter 5, in theory, ttedew price incorporates the effects of
externalities that are not represented in markeeprand hence the approach is based on the
welfare economic concept of value. This approachreferred to as inclusive wealth
accounting? Both the second and third approaches require skeofi economic models but
may be differentiated by each having different egsions concerning sustainability.

A general concern regarding the extensions madbetdalance sheets is that by presenting
the values of different assets side by side it pagily be interpreted as meaning that all of the
assets are substitutable. Indeed, in some casesurberlying assumption that the
sustainability of wellbeing only requires mainteocarof the total value of the stock may
suggest that the mix of assets in the balance skemdt a significant consideration. The
contrasting view is that there are certain asgetgjcularly environmental ones, that may be
essential and not substitutable, thus leadingegmdiion of critical natural capital.

In theory, estimates of shadow prices should take account the extent to which there are
developing shortages in the availability of certairitical” resources with the shadow prices
rising significantly and the relative value of thesssets being very high.

In practice, there are significant measurementlehgés in extending the asset boundary to
encompass a broad range of assets not includée IBNA and there are ongoing discussions
about the appropriate conceptual basis for makiegd extensions.

For SEEA Experimental Ecosystem Accounting the @xignsions to the SNA balance sheet
that are considered relate to ecosystem assetedvaking the concept of exchange values.
However, while the inclusion of values of ecosystassets does extend the SNA asset
boundary, the extension is not neat and the vatfiemany ecosystem assets are already
partially reflected in the value of economic assetorded in SNA based balance sheets. The
remainder of this section describes the boundaneis that should be taken into account.

It is noted that other balance sheet and wealtbuating approaches should also consider
these issues since the value of economic assdtsstiided in those approaches is usually
taken directly from the SNA. Hence there is a poétidouble counting of asset values if the
conceptual overlaps described here are not addresse

Treatment of biological resourceSollowing the SEEA all natural and cultivated Ibigical
resources are considered within scope of ecosyasseis. Thus, in aggregating measures of
economic and ecosystem assets, care should bettakgnid double counting. Care may also
be required in considering the scope of cultivalbéalogical resource that are intensively
managed (e.g. intensive livestock and horticulsystems) to ensure that the relevant assets
are recorded once only.

% See for example, World Bank (201Dhe Changing Wealth of Nations: Measuring Sustdmatevelopment
in the New Millennium
0 See for example, UNEP (2012clusive Wealth Report
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Treatment of mineral and energy resourddsese natural resources are defined in the SEEA
Central Framework and are not considered a padcobystem assets as the benefits they
provide are not the result of ecosystem proceSdesse resources will generally need to be
added to ecosystem assets to obtain a broademnaitienvironmental assets but they may
already be included as part of economic assetsstenswith the scope outlined in the SNA.

Special consideration may be required of peat ressuvhich may be used as a form of fossil
fuel (and are a part of mineral and energy resa)rdeit which also are a widely distributed
type of soil. In particular, peat soils are a vsignificant store of carbon in many different
ecosystems. Care should be taken to avoid douhlgiog of peat soils.

Treatment of energy from renewable souré&mnewable sources of energy (such as wind and
solar sources) cannot be exhausted in a mannetakassil energy resources and neither are
they regenerated as is the case with biologicaluregs. Thus, in an accounting sense, there is
no physical stock of renewable sources of energlydan be used up or sold.

At the same time, consistent with the proposalshe@ SEEA Central Framework, the
economic value associated with the ongoing captfreenergy from these sources is
considered to be embedded in the produced assets toscapture the energy and the
associated land and water. The values of produssetsaand associated land and water should
be included in measures of economic assets consigin the asset boundary of the SNA and
no additional valuation in relation to these flowsequired.

Treatment of water resources (excluding marim®pending on the nature of the stock of
water in a country, some deep, sub-soil water maycdnsidered not part of ecosystem
operation and hence would lie outside the boundsdryecosystem assets. In that case
additional valuation may be required.

Treatment of marine areals both the SNA and the SEEA Central Frameworkstoek of
water in marine areas is not valued. This is bexdhe stock of water is too large to be
meaningful for analytical purposes. In SEEA Expemtal Ecosystem Accounting the value
of marine environments is captured as part of @du@ous ecosystem services they generate
and thus the volume of water is not a measureraeget per se.

Special consideration may be required in relatmthe value of aquatic resources outside a
country’s Exclusive Economic Zone (EEZ). Followitihge asset boundary of the SNA and the
SEEA Central Framework some of these resourceshmaycluded in the scope of economic
assets in circumstances where exploitation coi@sl been established and access rights are
defined through international agreements. From pbespective of SEEA Experimental
Ecosystem Accounting, no specific guidance is mtedion the precise geographic scope that
should be applied in the context of marine are&sisTcare should be taken to align the scope
of aquatic resources captured in measures of bmhoenic assets and ecosystem assets. In
this regard the treatment of migrating and strapfish stocks may be of particular interest.

Treatment of landIn some cases, the value of land as recordedeirSNA will provide a
useful comparison point to the value of ecosystsseis for particular ecosystems. Thus for
example, it would be envisaged that the value oicatjural land following the SNA would
provide a value including many ecosystem serviagédeast from the perspective of those
ecosystem services within the scope of the SNA yrooh boundary. However, there are a
number of specific boundary issues that shouldosidered:
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(i) SNA land values will not capture the value of @bgystem services. However, they
may include some effects of, for example, protectimm flooding or access to
clean water, that are beyond the coverage of vaklated to agricultural and other
production.

(i) SNA land values will incorporate, perhaps to a ifiggnt extent, the effect of the
location of the land. This location value does nafiiect a type of ecosystem service.
At the same time, the location of an ecosysterikédy to play a role in the relative
demand for certain ecosystem services (e.g. natiamks nearer to urban areas will
attract more visitors) and hence will impact on theerall valuation of those
services. Consequently, the links between landegland values of ecosystem
assets may not be able to be neatly distinguished.

(i) Some areas of land, perhaps of high ecologicaifgignce, may not be able to be
traded (for example national parks) and hence noaye included in the scope of
the SNA asset boundary since no observable markistseor no stream of
economic benefits can be expected. These areds acepe of the SEEA Central
Framework asset boundary in physical terms andhén context of ecosystem
assets, values should be included reflecting thger®@f non-SNA benefits provided
from these areas of land.

(iv) Conceptually, urban and built up areas are a tygeasystem. Consequently, these
areas are within scope of ecosystem accountingreydbe of interest for particular
purposes (e.g. analysis of the role of public “grepaces” in cities). It is also noted
that urban populations use significant quantitiescmsystem services, both directly
and indirectly. While urban ecosystems may be tdrast they may not often be
considered a focus of ecosystem accounting. Haace,should be taken to ensure
that the geographic boundaries being applied inntfeasurement of ecosystem
assets ensure appropriate coverage of economiceenslystem assets in urban
areas.

Since the measurement of ecosystem assets is akeledtarting from a spatial scale, ideally,
adjustments to align the measurement boundariesebat ecosystem assets and economic
assets should also be undertaken spatially. Thpariscularly the case when considering that
the value of the ecosystem does not lie in the glits components but rather in terms of how
all of the components within a given area functidhe best approach to aggregation may be
to determine the spatial scope of ecosystem asssiitmate the value of economic assets in
that area, and then add on the values relevantdsystem services that are not already
captured. However, this approach may be difficoltapply in practice, especially when
attempting to allocate estimates of national weltthe institutional sector level.

Sequence of accounts

A sequence of accounts presents the relationskipgebn all stocks and flows recorded in an
accounting system and embodies the relationshifiseirmccounting framework. The starting
point for the SEEA sequence of accounts is thedst@hSNA sequence of accounts presented
in the 2008 SNA. The sequence presents accountgdduction, the distribution and use of
income, capital and financial transactions andrxadasheets. While a sequence of accounts
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may be developed for a country as a whole with $léavand from the rest of the world, a full
sequence of accounts also records entries betwken the institutional sectors within an
economy, i.e. corporations, general government,sétoolds and non-profit institutions
serving households (NPISH).

Compared to the SNA, the additional feature of shquence of accounts described in the
SEEA Central Framework is the incorporation of iestfor depletion in the various accounts.
This addition is described in detail in Chapterf he SEEA Central Framework. Overall, the
sequence of accounts shows very little variatiomfthe standard SNA sequence of accounts.

In ecosystem accounting, the structure of a sequehaccounts is more difficult to determine
because of the distinctive nature of ecosystemadiagion in accounting terms as discussed in
the previous section and in Chapter 4. Over theZiagears a range of alternative accounting
proposals have been made.

The most significant structural choice for a seqeeof accounts for ecosystem accounting is
whether ecosystems are considered to constitigpaae quasi-institutional sector, alongside
corporations, general government, households, &M&MN, or whether ecosystem assets are a
part of the broader stock of assets used by thuailinstitutional sectors and hence no
additional, quasi-sector is needed. Annex A6.1 riless in more detail the possible models
regarding a sequence of accounts for ecosystenumiteg.

Adjusted income aggr egates

It has long been recognised that GDP and othempeameasures within the national accounts
framework should not be considered measures ofaveelbr well-being. The 2008 SNA
outlines a number qualifications to GDP in thisamel including the scope of consumption,
issues of income distribution, the impact of exétrevents (e.g. health epidemics, extreme
weather), externalities of production, and varioos-economic impacts on welfare, such as
life satisfaction. In the context of environmengabnomic accounting there is no ambition to
account for all of these factors and hence anyséeljuincome aggregates that may be derived
should not be interpreted in the very broad semsenhay be envisaged.

Notwithstanding the potential limitation of a focasly on environmental factors that affect
welfare, there has been much investigation intorime measures that are adjusted for what
are generically referred to here as “environmemasdts”. If these costs are limited to
adjustments to income for the costs of depletionaifiral resources then the SEEA Central
Framework provides the appropriate accounting ferivdtion of depletion adjusted
aggregates (see SEEA Central Framework Chapter 6).

Beyond the environmental costs of depletion, theree been ambitions to derive measures
that adjust for the costs of ecosystem degrada@ten these measures are referred to as
Green GDP but this single term has also been appdienany concepts and approaches to
adjusted income measures and increasingly is usadlifferent context to refer to that part of
the conventionally measured economy that is corsilenvironmentally related. Thus,
measures labelled Green GDP do not refer to a comsirgle concept.

The measurement of ecosystem degradation in mgrtetans points to one way in which an
adjustment to income aggregates within the SNA beagdjusted for the costs of degradation.
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To retain accounting consistency the income meastiremselves should be expanded to
incorporate the generation and use of ecosystewmicesrthat are not captured within the
standard SNA production boundary. From this broadeome measure, a measure of
ecosystem degradation may be deducted to derivadisigppn adjusted aggregates.

While this basic approach is conceptually possithle,potential for alternative attributions of
ecosystem degradation to different economic unital a&he significant underlying
measurement challenges and assumptions, meansotispecific adjusted income measure is
proposed or recommended in SEEA Experimental EtesyAccounting.

Beyond the challenges already noted in this chapied as with all of the measures and
aggregates in monetary terms, adjusted income gagp® suffer from the difficulty that the
values of the environmental variables cannot gdigdra made in a full, open market context.
Consequently, the valuations are, at best, estgvadtprices at partial equilibriums. Extended
modelling is possible in which attempts are madedtimate what GDP (and other income
measures) would be if alternative environmentalst@ints were in existence. So-called
greened economy modelling thus derives a measuirecome for an alternative view of the
economy rather than deriving an alternative measfirmcome for the existing economy.
There are no specific conceptual accounting issudsllowing this approach but it is an
approach founded in modelling based on alternatemarios and is thus outside the scope of
the SEEA.
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Annex A6.1 Possible modelsfor a sequence of accountsfor ecosystem accounting

Following on from the brief introduction to the semce of accounts in Section 6.4, this annex
presents a summary of current thinking on possibelels that may be used to incorporate
entries related to ecosystem services and changesbystem assets into the standard SNA
sequence of accounts.

Table A6.1 presents simplified versions of Modelsu#d B. The example is that a farm is a
single ecosystem that provides a mix of ecosystnvices (total 110) of which 80 are used
by the farmer and 30 are the final consumption mfseholds! All SNA production of the
farmer (200) is recorded as final consumption ofidaholds. For simplicity, no other
production, intermediate consumption or final canption is recorded. It is noted that in the
generation of ecosystem services there is no rewpaf “inputs” from within the ecosystem.
This recording is not required for the purposesi@feloping a sequence of accounts focused
on economic units.

Table A6.1 Simplified sequence of accountsfor ecosystem accounting

Model A Model B
Farmer Household Ecosystem Total Farmer Householdtal T

Production and gener ation of income accounts
Output — SNA 200 200 200 200
Output — non-SNA 110 110 30 30
Total Output 200 110 310 230 230
Int. consumption — SNA 0 0 0 0 0
Int. consumption — non-SNA 80 0 80 0 0
Gross value added 120 110 230 230 230
Less Consumption of fixed capital (SNA) 10 10 10 10
Less Ecosystem degradation (non-SNA) 15 15 15 15
Degradation adjusted Net Value Added 110 95 205 205 205
Less Compensation of employees - SNA 50 50 50 50
Degradation adj. Net Operating Surplus | 60 95 155 155 155
Allocation and use of income accounts
Degradation adj. Net Operating Surplus 60 95 155| 551 155
Compensation of employees - SNA 50 50 50 50
Ecosystem transfers — non-SNA 80 30 -110 0 -30 30 0
Disposable income 140 80 -15 205 125 80 205
Less Final consumption - SNA 200 200 200 200

Final consumption — non-SNA 30 30 30 30
Degradation adjusted net saving 140 -150 -15 -25 125 -150 -25

" The allocation is based on the assumed composifitiie ecosystem services — thus the 80 may bsidened
inputs to agricultural production and the 30 maycbasidered regulating services, such as air tiitina used by

households.
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In both models, the rise in GDP only occurs intietato the final consumption of ecosystem
services that relate to non-SNA benefits. Many gstesn services will be indirectly included
in measures of final consumption when they are useenterprises in the production of
standard SNA outputs (e.g. food, clothing, recoagti

Measures of GDP may be adjusted for both consumptib fixed capital (CFC) and
ecosystem degradation thus providing Degradatignstetl Net Domestic Product. At a
sector level, ecosystem degradation in this mosl@leiducted from the value added of the
ecosystem quasi-sector and is not attributed twata institutional sectors.

Under Model A, flows of ecosystem services are md®0 in gross terms flowing from
ecosystems to relevant units as either intermediatBnal consumption. In aggregate the
output of the economy rises by the full extent @dsystem services, and GDP will rise to the
extent that some of the ecosystem services areicmtsas final consumption.

Under Model B, flows of ecosystem services are nad in net terms in that “purchases” of
ecosystem services for use in the production ofiyets by the manager of the ecosystem (in
this case considered to be the producer of theystaa services) are not shown explicitly. It
would be possible to introduce extra flows into Mb@& to record all flows of ecosystem
services in gross terms. As in Model A, GDP risesthie extent of ecosystem services
consumed as final consumption.

In standard capital accounting practice, consumpiidiixed capital, the costs associated with
the use of produced assets, are deducted fromnttemie of the user of the asset. This
deduction is obvious given that there is only ogenemic unit that supplies the capital
service and there is only one capital service &mheasset. However, in ecosystem accounting
the relationships between economic units and et&®mgs are much more complex.
Consequently, as discussed above alternative agpeato the allocation of ecosystem
degradation to economic units must be considered.

In Model A, the full amount of ecosystem degradatis attributed to the new ecosystem

quasi-sector. In effect this follows the standaagital accounting practice and assumes that
the ecosystem is the sole supplier of ecosystemicesrand, as a producing unit, must incur
the full impact of declines in the capital baseMadel B, the farmer is assumed to be the sole
supplier of ecosystem services (as manager of tosystem) and hence all ecosystem
degradation is attributed to the farmer.

However, neither of these assumptions provides rapteie sense of the attribution of

ecosystem degradation that may be anticipated. tUnfidl costs caused attribution it would

be necessary to determine the economic units regperfor the degradation and adjust their
income. Under a full costs borne approach consideravould turn to the users of the

ecosystem services and hence some ecosystem dégragauld be attributed to households
reflecting their direct and indirect consumptioreabsystem services.

A.6.10 It is important to recognise that in both modets\ié of ecosystem services are recorded quite

distinctly from flows of ecosystem degradation.ofing for this difference enables a more
complete and consistent recording of all ecosystenvices, not only those of a particular
type, i.e. provisioning, regulating or cultural.
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Both models contain an entry named “ecosystem feesis which is not a standard entry in
the SNA. This entry accommodates the additionasgemption of ecosystem services by each
sector and sums to zero across the economy. Thedévhe transfers is higher in Model A
than in Model B, reflecting that in Model A all esystem services are purchased from the
ecosystem quasi-sector. The inclusion of this emieans that the balancing item net lending
recorded in the capital and financial accountsomststent with the set of actual financial
flows within the economy. Note that the recordirigeoosystem transfers is not affected by
choices for the recording of ecosystem degradation.

Model A appears straightforward to apply since ¢eesystem is presented separably as an
adjunct to standard institutional units. Unfortietat the real depth of integration between
ecosystems and economic activity means that isglaiicosystems may be difficult in
practice. A particular concern is where the curiEiance sheet of an economic unit contains
assets that are also part of an ecosystem (e.gettinesources). Model A requires, ideally,
that the value of all ecosystem assets be attdbittehe new quasi-sector for ecosystems.
Additionally, Model A requires a full gross measment of ecosystem services whereas in
Model B only additional, non-SNA flows need be eutated.

Model B reflects a more integrated view of the tielaship between ecosystems and economic
units. The key difference is reflected by adjusttedar ecosystem degradation being made to
the income of the producer rather than the imputedme of the ecosystem. Thus ecosystem
degradation is attributed directly to a standamineemic unit. However, this model requires
the assumption that a specific institutional uninages the ecosystem and is, therefore,
responsible for the generation of ecosystem sesvitkis assumption may be weak. It would
be possible to partition the ecosystem asset acnoss than one institutional sector but this
may not be straightforward. Estimates of ecosystegradation also need to be partitioned if
more than one institutional unit is consideredéarivolved.

A.6.14 An alternative model that is somewhat of a compsenmietween Models A and B, is to

incorporate an ecosystem quasi-sector where tei®rsenly has outputs that are non-SNA
ecosystem services. Such a recording requirestigrang of ecosystem assets, ecosystem
services and ecosystem degradation. This may bemgiished by first deriving the total
value of the ecosystem, and then deducting thdiegisalues of relevant economic assets
already included on the balance sheets of the atdnishstitutional sectors. The resulting
residual would be the value of the ecosystem ags@buted to the ecosystem quasi-sector.
Using relationships between ecosystem service flawd economic units attribution of
ecosystem degradation could then be made.

A.6.15 Overall, there is no straightforward choice to #teucture of a sequence of ecosystem

accounts. Neither Models A or B (or possible vasarpresent information on all of the
relevant flows in as neat a fashion as may be algsiwithout the need for various allocations
or assumptions. One factor to consider is the diegrof ecosystem restoration expenditure.
If information on this expenditure is to be integdinto the sequence of accounts it may be
appropriate to keep this expenditure together (thesrly pertaining to a specific ecosystem)
rather than partitioning this expenditure acrosdtiple ecosystem managers through a series
of capital transfers.
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